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SAFETY 
 
The OP1550 interferometer, part of the Piuma Nanoindenter, is equipped with a class 1M laser. The 
laser light is coupled out via a fiber connector on the front panel and has a terminator on the back 
panel. Do not view directly into the beam with optical instruments. 
 
 
 
 
 
 
The OP1550 is equipped with a 220V/110V plug. Disconnect the instrument before changing the fuse 
or before switching from 220V to 110V (or vice versa). Do not open the box, as this might result in 
serious injuries.  
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INTRODUCTION 
 
This document describes the installation and operation of the Piuma Nanoindenter instrument, as 
developed by Optics11. Details of the installation of the Piuma Nanoindenter are provided in Chapter 
1. In Chapter 2 the Piuma Nanoindentation software suite is explained in detail. Chapter 3 describes 
the preparation of the Piuma Nanoindenter for experiments. How to perform a measurement is 
described in detail in Chapter 4. Chapter 5 describes the optimization of sample preparation and 
measurement conditions. Chapter 6 provides a description of the Piuma Nanoindenter’s working 
principle. Chapter 7 describes how to operate the OP1550 interferometer, and finally Chapter 8 
provides a FAQ and alternative options for support by a flowchart for troubleshooting.  
 

 

Figure 1: The Piuma Nanoindenter in action: measuring intact brain tissue. 
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1. INSTALLATION 
 

This section describes the installation of the Piuma Nanoindenter by providing an overview of the 
Piuma Nanoindenter and its components, the considerations for finding a location to set up the 
system, the wiring scheme for connecting the individual components and the actions required to start 
up the Piuma Nanoindenter. 
 

1.1  The Piuma Nanoindenter and its components 
 

The Piuma Nanoindenter consists of five components: (1) The Piuma indenter head and (2) adapter, 
the (3) Optics11 OP1550 interferometer, (4) the Piuma controller box, (5) the PC running the Piuma 
Nanoindenter software suite and (6) the Optics11 optical nanoindentation probes.  
 

 

Figure 2: Picture of the Piuma Nanoindenter, showing the Piuma indenter head (far left), OP1550 interferometer, Piuma 
controller and the PC. 

 

The Optics11 OP1550 interferometer operates independently of the other components and can be 
switched on and off at any time. The Piuma controller box powers the Piuma indenter head and 
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communicates with the software running on the PC and should not be switched off before exiting the 
Piuma nanoindentation software suite.  The software will automatically detect and connect to Piuma 
components connected to the PC. For the best user experience, it is recommended to first power on 
all peripheral components before running the software. 
 

1.2   Connecting components 
 

Together with the Piuma Nanoindenter the following cables are provided: 
 
❖ 1x BNC connector cable (previous Piuma versions 2x BNC) 
❖ 1x DVI signal cable 
❖ 2x Power cable 
❖ 1x PC power cable including adapter 
❖ 2x USB (B-type) connector cable 
❖ 50 Ω Terminator 
❖ 1x Fiber patch-chord & adapter 
 
When installing the system, please carefully follow the scheme below (Figure 3).  
 

 

Figure 3: Schematic drawing of the connections that are required to set-up the Piuma Nano-indenter. 

 
The controller box is connected to the computer using one of the two USB ‘HUB’ connectors on the 
back of the Piuma controller, and a free USB slot on the PC (must be a USB3.0 port). The Piuma 
indenter head is connected to the controller box using the original DVI cable supplied with the Piuma 
system. The OP1550 readout is connected to controller box using one BNC and one USB cable. The 
BNC cable connects the ‘Output’ at the back of the OP1550 with the ‘Input’ on the back of controller 
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box and the second USB cable connects the ‘USB’ output on the back of the OP1550 to the second 
‘HUB’ connector on the back of the controller box (Figure 3).  
 
The optional backlight module requires 5V to operate. To power this module, connect the USB cable 
to any free USB port on the PC or the controller box. 
 
The optional inverted camera module requires 5V to operate and can be connected to the Piuma 
through a free USB HUB port at the rear of the controller box or directly to a free USB port on the PC. 
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2. DESCRIPTION OF THE PIUMA 
SOFTWARE  

This chapter describes the Piuma Nanoindenter software suite, which is used to perform the 
indentation experiments. The Piuma software is pre-installed on the Piuma PC and runs by double-
clicking the Piuma icon on the desktop. In case of installing the Piuma software on another PC, please 
contact Optics11 for a detailed instruction. 

 

2.1   Front panel controls 

 
The front panel contains all the controls required to operate the Piuma stages, set up experiments 
and displays the camera feed and actual status of the system. The following paragraphs will describe 
the features and functions of each of the areas of the front panel. 
 

 

Figure 4: The home screen of the Piuma Nanoindenter software. 
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Experiment name and save location 
 
In the top left of the Piuma software suite the experiment name and save location of each experiment 
series can be defined. In order to select a path for saving the experiment series, click on the File 
button. A pop-up will emerge, displaying a windows explorer window where a folder can be created 
or selected. Input of an experiment name will automatically result in the creation of a subfolder in the 
main save location. This way, each experiment is saved in a different folder by only changing the 
experiment name. 
 

X, Y and Z-stage 
 
The top left of the front panel shows the stage map, which displays the probe position relative to the 
stage movement. It is shown as a blue dot on a white field, while the edges of the field represent the 
maximum and minimum positions of the X and Y stages. The total size of this field is 12 mm by 12 mm 
(Figure 4).  
 
The controls to operate the X and Y stages of the Piuma are placed to the right of the stage map, and 
the controls of the Z-stage next to that. A stage can be moved by defining a step size in µm and 
clicking the arrow to the direction in which it should move. Each stage is limited to 12 mm of 
movement. Alternatively, one can also use the keyboard arrow keys and the arrows keys at the 
numbering pad (‘Num Lock’ should be ‘off’) (Figure 6). Arrow keys stage movement can be activated 
in the ‘Advanced’ tab of the ‘Options’ menu (Figure 33).   
 
 
Indent controls 
 
To the right of the stage controls the indent controls are located. These controls are used to find, set 
or reset the sample surface level, to perform a calibration and to perform a single indentation.  
 
Clicking the ‘Find surface’ button (Indent controls in software window or 
‘* - key’ on keyboard) will activate the find-surface coarse-fine stepping 
routine, while closely monitoring cantilever bending. Once the surface is 
found, the absolute Z-coordinate is entered into the ‘Surface’ box on the 
bottom-left part of the screen. It is also possible to reset the surface value 
by clicking the ‘Reset surf’ button, and to set the surface manually by 
pressing the ‘Set surf’ button.  
 
 ‘Stop’ will immediately stop the find surface procedure, stage 
movements and indentations and matrix scans. 
  Figure 5: Indent controls. 



 

13    

Clicking the ‘Calib’ button will guide you to the 
calibration procedure, in which the Piezo stack extends 
twice according to a predefined indentation profile after 
performing a wavelength. During this procedure it 
linearizes the interferometer signal and calculates the 
‘Calibration factor’, describing the optical lever arm of 
the inserted probe (see paragraph 3.4). 
 
Clicking the ‘Indent’ button (Indent controls in software 
window or ‘Enter - key’ on keyboard) will initiate the 
movement of the Piezo stack, following the 
preconfigured indentation profile.  
 

 
 
 
Position info 
 
In the bottom-left, the position info is located. The ‘Position information’ section displays all current 
position information, as well as the absolute Z-position of the probe (the blue bar) with respect to the 
(theoretical) sample surface (Figure 7). Also, the Piezo extension can be monitored and controlled.  
 

 
 

Figure 6: Alterative keyboard 
stage and piezo controls 

Figure 7: Position information 
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2.2 Configuration panel controls  

 
Options menu 
 
The ‘Options menu’ allows setting of a number of variables that define the ‘Find-surface’ function, 
matrix scan settings, and model selection and parameters (Figure 8).  
 
The ‘dZ at XY move’ field controls the transportation height of the probe when moving to a new 
coordinate in a matrix scan, the ‘Z above surf.’ field controls the offset in Z-direction of the probe tip 
to the sample surface after detecting the surface using the automated find-surface function, the ‘dX 
before scan’ field controls the offset in X-direction of the probe tip with respect to the surface after 
the surface has been determined. 
 

 

Figure 8: Options menu. 

The Model settings section, displaying the ‘Oliver & Pharr’ and ‘Hertzian contact’ buttons, allow one 
to select the model of choice to be applied for the indentation or matrix scan. In case the Oliver & 
Pharr model is selected, the ‘Pmax %’ and ‘Pmin %’ fields control the section of the unloading curve, 
expressed in a percentage of the maximum load in the unloading part of the curve, that is used to 
make the slope fit. In case the Hertzian model is selected, the ‘% of Pmax’ field controls the part of 
the curve to be fitted, expressed in a percentage of the maximum load in the loading part of the 
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curve. One can also choose to not apply a model by clicking whichever model is highlighted a second 
time, which will grey out both sets of model parameters.  
 

Please note only the Young’s Modulus of the selected model is currently saved. 
 

Under the ‘Other’ section of the options menu you can set a calibration depth, which refers to the 
indentation depth while performing a geometrical calibration. It is recommended to set this value to 
a similar indentation depth, which is accomplished during a standard measurement.  
  
The Configuration menu item provides several menus to configure the indentation profile, the probe 
in use, settings for finding the surface and advanced configuration and maintenance settings.  
 
Configure probe menu 
 
This menu allows inserting of all the probe-specific parameters that are used in the software to convert 
voltages to force and Young’s Modulus. In case a wrong stiffness or tip radius is entered, the accuracy 
of the force, load and Young’s Modulus estimate will be compromised. 
 
The probe cantilever spring constant (K in N/m) and the spherical tip radius (µm) can be found on the 
box the probe is shipped in. These parameters are coupled to the physical probe assembly and, since 
the probe is made of glass, should not change significantly over time if properly cleaned. 
 
The calibration factor describing the probe-specific optical lever arm is determined by the automated 
calibration procedure, which is described in detail in paragraph 3.4). 
 

 

Figure 9: Configure probe menu. 

 
In the probe configuration menu, a tick-box ‘Store Load-Displacement graph as BMP’ can be ticked 
to store each load-displacement curve as BMP in addition to the tab-separated text file containing 
the raw data. 
 
Maintenance menu 
 
The maintenance panel is protected by a password, as any change in these settings may compromise 
the performance of the Piuma Nanoindenter.  
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Please note that changing parameters in the maintenance menu can cause unexpected behavior and 
potentially break the hardware on the Piuma. Use caution when changing parameters.  
 
It is recommended to only use the maintenance menu when switching between the Piuma and Chiaro 
indenter head for XYZ stage calibration (‘XYZ’ tab), when adjusting the DAQ rate or to change the 
find surface threshold setting. The DAQ rate can be set in the ‘DAQ & Calib’ tab in the Maintenance 
menu to 1Hz up to 16000Hz or 1Hz to 12000Hz, if a heater is being used (Figure 10, left). The find 
surface approach works in disabled Sensitive (or Standard-) mode or in enabled Sensitive mode 
(Figure 33). The threshold values for those modes can be freely tuned in the ‘General’ tab (Figure 10, 
right). We always recommend keeping them as low as possible. If during find surface the probe stops 
too early, the threshold settings are set too sensitive, meaning you need to increase the number in 
0.01 steps. If the probe stops too late, so in contact with the sample, the threshold value needs to be 
decreased. This occurs usually when using a relatively stiff cantilever compared to the measured 
sample. 
 

 

Figure 10: DAQ rate adjustment (left, red) as well as Find surface threshold settings (right, green) 

 
Additionally, different values for the PID parameters on displacement, load, and indent control can 
be set from the ‘General’ tab. It is recommended to only change these settings if you have experience 
with tuning PID controllers. Changing the parameters could result in unstable operation of the system 
and cause the controller to break.  
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PID tuner 
 
Use the PID tuner to tune the PID parameters live while a block generator is running. First select the 
mode to be tuned in the top left. PID parameters from this mode will be loaded in the indicators. 
Configure the block diagram parameters (offset, amplitude and time between interations) On the 
right side. Run the block block generator by pressing the ‘Run’ botton. Optionally, hide the plots 
that are not being tuned by right clicking the plot legend and disable ‘Plot visable’.  
 
While the block generator is running, use the sliders to change the integral and/or derivative term 
of the PID controller. It is currently not possible to change the proportional term from this menu. 
Use the control in the maintenance menu for that. The integrall term will have the most effect. Use 
the graph to visually determine whether the tune is sufficient. EG overshoot after motion, no drifting 
in straight sections. Use the graph controls to optimize the visual if necessary (zoom, drag, etc). 
 
 

 

Figure 11: PID tuning window with block generator running in Displacement control 
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3. PREPARING THE SETUP FOR 
MEASUREMENTS 

 
This section describes the steps required to start and prepare the system for a measurement series.  

3.1   Starting the system 

Powering up the system 
 
Before starting up the setup for the first time, make sure that all cables are connected in the correct 
way and the power switches on the back of the boxes are turned on. Switch on the devices in the 
following order: 

1. Computer  
2. OP1550 interferometer  
3. Controller box  

 
The controller box automatically powers the Piuma Nanoindenter head and the LED illumination in 
the indenter head will turn on. After initialization, the interferometer will show a live measurement 
signal on the LCD screen. 
 

Starting the software 
 
Start the Piuma Nanoindenter program by double-clicking the Piuma software icon on the desktop. 
The software is loading all devices while checking the hardware connection status, which should all 
be ‘Idle’ (Figure 12). As a safety check, the program asks then to bring up the manual stage to the 
uppermost position. This prevents a collision of the probe with an obstacle while moving the sample 
stage to the home position. To move the manual stage up, turn the grey knobs on the side of the 
Piuma backwards until the stage reaches the top position. Next, press ‘OK’ in the software dialog box 
to confirm nothing can obstruct the motion of the Piuma stages.  
 

 

Figure 12: Hardware check. 



 

19    

This action initiates the homing of the X-Y stage of the Piuma Nanoindenter: The stage will move to 
the front-left corner, set the current ‘X’ and ‘Y’ coordinates to ‘0’ and subsequently move to the last 
coordinate set in the matrix scan parameters. After this, the system state will switch to ‘ready’, as 
indicated in the status bar in the home screen. 

3.2   Mounting a probe to the Piuma Nanoindenter 

 
Selecting the right probe 
 
Although a specific probe can measure a wide range of Young’s Moduli, selecting a probe with 
suitable parameters that match with the specific sample properties can enhance the quality of the 
measurement. For a softer sample, a probe with a less stiff cantilever is needed, and vice-versa, to 
ensure that significant cantilever bending as well as significant sample indentation is achieved during 
measurements. If the probe is either too stiff or too soft, there will be minimal cantilever bending or 
indentation respectively, resulting in a less optimal signal-to-noise ratio. 
 
Advised cantilever stiffness is provided for ranges of sample Young’s moduli in the table below: 

 
Sample Young’s modulus Advised cantilever stiffness range 

10 Pa – 1 kPa 0.025 N/m 
1 kPa – 500 kPa 0.25 N/m 

500 kPa – 10 MPa 5 N/m 
10 MPa – 100 MPa 50 N/m 
100 MPa – 1 GPa 500 N/m 

Table 1: Advised stiffness ranges for expected Young’s Moduli. 

 
These are estimated for a tip radius of 50 µm, for smaller and larger tip sizes slightly softer and stiffer 
cantilevers should be used, respectively. In case of doubt, please do not hesitate to contact Optics11 
for advice. 
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Installing a probe 

 

 

Figure 13: Probe and fiber wire inside the box (left), probe mounting to the indenter (right). 

 
After powering the Piuma Nanoindenter system and running the software, open the indentation 
probe box. Carefully take first the probe out of the box in such a way that the probe can be clicked 
in the Piuma indenter head in one go.  
 
The probe is mounted in the Piuma indenter head by pushing the probe with the holder in the probe 
mount (Figure 13). Make sure the cantilever points downwards and the probe is pushed all the way to 
the most back-right position. When handling a probe, take special care to avoid any contact with the 
cantilever as the glass cantilever at the end of the glass ferrule is extremely fragile and almost any 
unintended contact will cause permanently damage. Therefore, when handling the probe, always 
hold it by the plastic probe holder, keep the optical fiber away from the cantilever and avoid touching 
the glass part. Given the size of the probe, it is advised to hold the probe between ones’ index finger 
and thumb whilst shielding it with the rest of the hand from the environment. 
 
Connecting the probe to the OP1550 Interferometer via the patch-chord & adapter 
 
Our probes contain a new type of connector (E2000), which have a self-closing mechanism, making it 
less fragile and less probable to become contaminated. In order to connect the recently installed 
probe to the OP1550 Interferometer, it needs to be connected to an adapter & patch-chord (Figure 
14, left), which needs to be prior mounted to the Piuma head with 2 screws (Figure 15, left). The patch-
chord then should be connected to the OP1550 Interferometer. 
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Figure 14: Connecting the left end of the patch-chord to the OP1550, a notch (red circle) indicates the preferred 
orientation 

 
To do so, connect first the patch-chord to the OP1550, and keep it always connected, as the probe 
will be connected to the adapter only. Remove first the green safety cap from one end of the patch-
chord and connect it to the ‘Sensor’ input on the OP1550 interferometer (Figure 14). This fiber 
connector is an FC/APC type connector, which has a preferred orientation, indicated by the notch on 
the fiber connector and a groove in the OP1550 connector. Please note the center terminus of the 
connector is very sensitive to contamination or scratching, therefore avoid any direct contact to the 
connector. Now, take off the black cap of the adapter and connect the probe fiber to the adapter as 
shown in Figure 15 below.  
 

 

Figure 15: Removal of the black security cap to connect the probe fiber to the adapter. 

 
Caution: Avoid bending the optical fiber sharply: this can break the glass fiber.  

 
If a previous probe is present in the Piuma, remove it before inserting the new probe. Disconnect the 
probe again by pushing the green lever at the connector and quickly put on the black cap back into 
the adapter, to avoid any further contamination. To avoid the fiber from touching the probe when 
packing the fiber and optical connector, always place the fiber first into the box and then the probe. 
For this, disconnect the optical connector from the OP1550, bundle the fiber wire and put it into the 
box. Secure the optical connector in the box by placing a piece of tape on top of the connector.    You 
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can then remove the probe from the Piuma indenter head holder by compressing the plastic 
connector and pulling it gently out of the holder. Carefully place the probe in the probe box to its 
designated location.  
 

Caution: When installing the probe, always mount first the probe and then connect the fiber 
to the OP1550 via the adapter. When putting the probe back into the box, always place and 
secure the fiber wire first before placing the probe in the box.  

 
 
Configuring the probe in the software 

It is important to correctly input the probe parameters in the software suite in order to obtain 
meaningful measurement results. Probe parameters that need to be set in the program are the 
cantilever spring constant (in N/m) and probe tip radius (in µm). These parameters can be entered in 
the probe configuration menu, which can be accessed through the ‘Configure Probe’ item in the main 
software window (Figure 16, left). The numbers can be found on the side of the probe packaging box 
and are unique for each probe. If you accidentally forget to update the probe details after changing 
the probe, you can still change those in the Dataviewer software while analyzing the obtained data.   
 

 

Figure 16: Configure probe menu (left), Options menus (right). 

 
 
In most cases the probe must be calibrated first, which will result in a measurement of the factor that 
describes the geometrical factor of the probe. As this is unique for each probe, leave the factor 1.000 
in the configuration panel and see paragraph 3.4 “Calibrating the geometrical factor” in this manual 
on how to obtain this value through the automated calibration procedure. For this procedure a value 
of 2000nm for the calibration depth is set by default. You can change this value in the ‘Options’ menu, 
shown in the Figure 16, right before performing measurements with higher indentation depths 
(<5000nm). 
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Setting the correct indenter head 

The correct indenter head, here the Piuma, must be selected in the ‘Advanced’ tab in the ‘Options’ 
menu (Figure 17, left).  
  

 

Figure 17: Piuma selection in advanced options menu. 

 
This section is only relevant for Piuma Nanoindenter systems acquired before August 2019 
 
Inserting the corresponding XYZ stage values (only necessary when using two indenter heads with 
previous Piuma versions) 
 
Since the XYZ stage travel values of the Piuma and Chiaro are differing for previous Piuma versions, 
you need to update the right values corresponding to the preferred indenter head.  This can be 
accomplished in the ‘XYZ stages’ tab of the maintenance menu by pressing ‘Calib. all’ (Figure 18). 
You can enter this menu with the password ‘showme’ after clicking the ‘Maintenance’ button in the 
main software window. This procedure will take a few minutes, since all XYZ values are being 
calibrated. 
 

 

Figure 18: XYZ stage calibration when switching between Piuma or Chiaro Indenter head (for previous Piuma versions).  
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3.3 Calibrating the optical signal 

For each unique medium/probe combination, the optical signal must be calibrated. Once this is done, 
the next step is to calibrate the geometrical factor (see paragraph 3.4).  
 

 
 
 
Please note that for correct operation, the optical signal calibration should always be 
performed before the geometrical factor calibration 
 

The calibration of the optical signal is done by the OP1550 interferometer and controlled via by the 
Piuma software. First ensure the optical probe is inserted in the Piuma indenter head and the optical 
fiber connector is properly connected to the OP1550 interferometer ‘Signal’ input connector. When 
preparing the probe to measure samples in a solution, please insert a few millimeters of solution in a 
clean petri-dish. Before bringing the probe into first contact with the solution, in which the calibration 
is going to be performed, it is highly recommended to pre-wet the probe. Simply the application of 
a few droplets from around 1cm above the cantilever, reduces the chance of trapping an air bubble 
(see Chapter 4.3) significantly (Figure 19). You can then use the manual stage to lower the probe into 
the solution. Confirm the cantilever and a part of the glass probe is fully submerged and the liquid 
tension cannot affect the cantilever anymore. 
 

 

Figure 19: Pre-wet the probe 

Please note that glass is hydrophobic, and therefore it is possible that an air bubble is trapped 
between the cantilever and the glass base. This air bubble will affect the measurement, and 
therefore needs to be removed (see Chapter 4.3). 

Optical 
calibration

Geometrical 
factor 

Measurement
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Automated optical signal calibration 
 
Once the probe is connected and adapted to the correct medium, click on ‘Calibration’ in the Piuma 
Software menu to enter the calibration menu. Press ‘Scan OP1550 Wavelength’ to start the optical 
calibration (Figure 12). The calibration window will close automatically, then you can observe the 
wavelength scan process (Figure 21). 
 

 
 

Principle: The OP1550’s internal laser will tune its wavelength rapidly from ~1565nm to 
~1525nm to create an interference pattern on the photodiode. As the photodiodes’ 
output voltage depends on the intensity of the interference pattern, an automated 
offset and gain setting process is initiated, which optimizes the photodiode output for 
the 0-10V range. The Piuma data acquisition system operates in the 0-10V range and 
voltages outside this range cannot be collected. 

 
 

Figure 20: Begin optical signal calibration by clicking on 
'Scan OP1550 Wavelength' in the calibration menu 
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Figure 21: Automatic optical signal calibration, displayed in the Piuma software (red) 

A successful wavelength scan should result in a clear sinusoidal signal which can be accessed on the 
OP1550 interferometer in the ‘Wavelength scan’ tab (Figure 22). This process must be performed for 
each new medium/probe combination: to measure multiple samples in a solution of which the 
refractive index is not significantly different, this procedure does not have to be executed again. For 
a detailed description of the OP1550 see chapter 7. 
 

 

Figure 22: The final wavelength scan on OP1550 display 

When performing experiments with temperature control, the calibration should be accomplished at 
the same temperature as the measurement temperature. This is because the refractive index of the 
medium is dependent on the temperature. Since the density of a liquid usually decreases with 
temperature, it is not surprising that the speed of light in a liquid will normally increase as the 
temperature increases. Thus, the index of refraction normally decreases as the temperature increases 
for a liquid. 
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Failed optical calibration – “Quadrature Scan failed” 
 

 

Figure 23: Error message – quadrature scan warning, please check the probe. 

 
During the optical calibration procedure, the OP1550 interferometer is simulating an interference 
pattern and automatically adjusting the gain and offset of the signal. If just a little or no signal is being 
detected by the OP1550, the system will react with an error message “Quadrature scan failed” (Figure 
23). Please then press “OK” to visualize the resulting wavelength scan (see also Chapter 7.1). Please 
be aware that this error message pops-up due to a reason, which might be one of the following issues 
and can be solved by corresponding actions: 
 

• Noise – Get rid of any noise sources close to the instrument  
• No connection – Check the fiber connections (Chapter 1.2 & Chapter 3.2) 
• No cantilever – Exchange probe  
• Dirty cantilever – Clean the probe with demi water & Isopropanol & water again 

• Air bubble between cantilever and tip fiber – Get rid of the air bubble (Chapter 5.2) 
• Cantilever stuck at the tip fiber – Clean the probe with water & Isopropanol & water again 

 
 

After performing the above-mentioned actions, please pre-wet the probe again before 
inserting it back into the measuring solution. Repeat the wavelength scan and check the result 
at the OP1550 display. If the error message pops up again, please repeat one of the procedures 
or contact us via support@optics11.com.   
 
  

mailto:support@optics11.com
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3.4  Calibrating the probe geometrical factor 

 

 
 
After performing the optical calibration, the linearization of the interferometer and calibration of the 
cantilever arm, also called geometrical factor, needs to be performed. Those two steps are 
accomplished in one calibration procedure. During the signal linearization, the nonlinear response 
due to cantilever bending is transformed to a linear signal, using the unity circle as a linearization tool. 
The geometrical factor originates from the manufacturing process of the probes, which are very 
specific components, and the distance between the tip position and the readout fiber position can 
slightly differ from probe to probe. In the Piuma nanoindentation software, the automated 
measurement and setting of the geometrical factor is included in the calibration procedure, also 
referred to as ‘calibration factor’.  
 

Make sure that the optical calibration was performed for the same medium/probe 
combination for which you would like to perform the calibration of the geometrical factor! 

 

 

Figure 24: Example of calibrating the probe in a 35mm petri dish, immersed with liquid medium. 

To linearize the interferometric signal and determine the calibration factor, the probe must be in 
contact with a stiff surface, such as a glass slide or the bottom of a glass petri-dish, in an environment 
that is comparable to the actual measurement environment. In case the measurement takes place in 
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a specific medium, please place the stiff calibration substrate inside a dish containing the medium or 
place a large droplet of medium on top of the stiff substrate to allow full immersion of the cantilever. 
In order to get into contact with the stiff surface, the Piuma Nanoindenter features an automated find-
surface approach. This approach uses a procedure combing both the motorized Z stage and the 
indentation piezo. To initialize the automated find surface approach for calibrating the geometrical 
factor, select the ‘Calibration’ tab in the Piuma software and click on the ‘Find Surface’ button (Figure 
25). For find-surface adjustments (e.g. when using very soft cantilevers <0.4N/m), see Chapter 3.1 - 
‘Using the automated find-surface function’. 
 
 

 

Figure 25: Find surface to calibrate the geometrical factor. 

 
Now that the probe is in contact, press the ‘Calibrate’ button in the calibration menu to initiate the 
signal linearization and geometrical factor determination (Figure 26).  

 

Figure 26: Calibration of the geometrical factor. 

After the procedure is finished, the program will ask you whether to use the newly calculated factor 
or retain the old one. 
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Figure 27: Message to confirm calibration value. 

 
By pressing ‘Yes’ the software automatically saves the new calibration factor in the probe 
configuration menu. The calibration factor in air should not be significantly higher than the value 
indicated on the probe box. In liquid, the geometrical factor should be lower than the value in air. If 
not, repeat the optical- (wavelength scan) and geometrical calibration procedure. If the calibration 
factor was calculated to be outside of the range from 0 and 10, then it is likely that the probe was not 
in contact, and the software will suggest that you perform a wavelength scan (Figure 28).  

 

 

Figure 28: After a failed calibration, it is advisable to restart the optical calibration process with a new wavelength scan, as 
find surface can fail if the probe has not been properly calibrated. 

 

It is important to repeat the wavelength scan as the automated find surface routine may fail if the 
probe was not calibrated properly. The calibration factor that is output should also be verified by 
performing an indentation directly after the calibration. After clicking on the ‘Use new factor’ button, 
load or make an experiment file as described in Section 4.4, using the default displacement mode 
settings and changing to a 2000 nm indentation to displace the probe again on the stiff substrate. 
The results should show that the piezo displacement (blue line) is equal to the cantilever bending 
(green line), because the indentation starts in contact and no material deformation is expected (Figure 
29). If both lines do not superimpose, repeat the geometrical calibration by pressing the ‘Calibrate’ 
button and check again the factor by viewing the time-data.    
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Figure 29: Load time tab showing a superimposed blue and green line, proving the used calibration factor is correct. 

 
Saving Calibration Data 
 
The data for the indentations performed as part of the geometrical factor calibration steps are saved 
on the computer. The location where the data are saved can be set in the calibration menu by 
changing the ‘calibration save path’ (Figure 30). 
 

 

Figure 30: Calibration data is stored in a location set by the 'Save location' tab of the 'Calibration Menu'. 
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4. USING THE PIUMA NANOINDENTER 
 
This section describes the use of the Piuma Nanoindenter after having prepared the instrument for a 
measurement (Chapter 2). 
 

 
 

4.1   Stage controls 

 
The motorized stages of the Piuma can be manually positioned in X, Y and Z directions, each having 
a travel of 12000 mm. To use the stages to position the area of interest under the Piuma probe tip, 
start by bringing the probe in the field of view. To do so, move the manual stage all the way up to 
avoid damaging the probe, and use the Z-stage to bring down the probe into the field of view of the 
on-board camera. Put a travel value in the ‘Travel’ field, such as 500 µm, and press the ‘down’ arrow 
of the Z-stage to move this amount down (Figure 31). 
 

 

Figure 31: Main software window: Stage controls (green), Piezo controls/Position information (red). The probe is brought 
into the camera image, close to the focal plane, using the down arrow of the Z-stage. 
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The X and Y stages can be controlled in the same way: by entering a value in micrometers in the 
‘Travel’ field and subsequently pressing one of the motor control buttons. Additionally, a white field 
with a blue dot is displayed, simulating the (theoretical) X-Y movement range and the current position 
of the tip with respect to the moving stage. Alternatively, one can also use the keyboard arrow keys 
and the arrows keys at the numbering pad (‘Num Lock’ should be ‘off’) (Figure 32). Arrow keys stage 
movement can be activated in the ‘Advanced’ tab of the ‘Options’ menu (Figure 33).  By clicking the 
‘Reset’ button in the lower-left corner, the controller box can be reset. In the next window, which 
automatically will pop up, you can reset the X, Y and Z stages to their home position by clicking ‘ok’. 
 

 
 

4.2 Piezo controls 

 
The Piezo stack that is normally used for indenting can also be controlled manually. By providing a 
number in the “Travel” field below the Piezo status bar, the piezo can be commanded to make 
relative steps. The range of the Piezo stack is ~100000 nm, and a manual offset can be set anywhere 
in this range. In normal operation this feature is not used, however for specific experiments that 
require a more precise control of the starting position of the indentation, this feature can be helpful. 

4.3  The Find surface procedure 

 
The Piuma Nanoindenter features an automated find-surface approach. This approach combines the 
motorized Z stage and the indentation piezo.   
 
 
 

Figure 32: Keyboard stage controls (X stage, Y stage, Z- up, Z+ down, Stop). 



 

34  optics11.com 

To safely and accurately bring the cantilever near to the sample surface using the automated find-
surface routine, the following steps should be taken: 
 
1. Approaching the sample surface by 1-2 mm with the manual stage, using eyesight and/or the 
 on-board camera. 
2. Safely using the ‘Find surface’ function of the Piuma Nanoindenter software. 
 
 
Approaching the sample using the manual stage 
 
To approach the sample and perform the experiment with the sample in focus, move the probe 
completely up using the ‘Z up’ button in the software home screen. After this is completed, position 
the sample on the Piuma’s sample stage and slowly lower the manual stage until the sample gets in 
the focal plane as can be observed in the camera image in the Piuma software suite. After the sample 
is in focus, use the motorized stage to lower the probe into the field of view of the camera image, by 
taking ~100 µm steps. During this process, keep your eye on the probe, the probe mount, the 
clearance to the sample container and make sure the probe does not touch the sample surface by 
monitoring the signal voltage level on the interferometer. If the probe comes into the field of view, 
and you can assess by eye the probe is about ~1 mm above the surface, proceed with the automated 
find-surface function. 
 
 
Using the automated find-surface function 
 
Before an indentation can be performed, it is required to safely approach the sample surface with the 
previously aligned tip by using the automated find surface approach. In contrary to the find surface 
approach, used during the calibration, this approach will stop a few µm above the sample surface, 
adjustable in the Options menu in the ‘Find Surface’ tab (Figure 33).  
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Figure 33: Options menu with ‘Z above surface’ setting (red), speed adjustment (green), and threshold settings (yellow). 

In addition to setting the height above the sample surface, the speed of the coarse Z-motor and the 
threshold can be set from the Find Surface tab. The automatic procedure starts after clicking ‘Find 
Surf’ in the main software window. During find surface, the piezo fully extends and controls the 
cantilever to a bending of approximately 10 nm; when the piezo retracts beyond the threshold to 
control the bending to this amount, it triggers the coarse Z-stage to stop and then resets to be above 
the sample, per the adjustment in the Options menu. Depending on the noise in the environment 
and the stiffness of the probe and sample, the speed may influence how accurate the find surface 
settings are. If the stage is regularly stopping farther away from the surface, then changing the speed 
to a slower speed can improve the performance (Figure 33, green). After finding the surface the tip 
should now be in focus, together with the sample surface. It is recommended to raise the tip a few 
micrometers away from the sample surface (in Z direction) to avoid a damage of the tip while moving 
the sample in XY direction. It is important to perform a wavescan as discussed in the previous chapter 
before performing a find surface routine. The software has some limits to prevent you from 
attempting the automated find surface routine if the wavescan has not been completed or if the 
calibration has not been completed. If the software prevents you from performing an automated find 
surface routine, you may need to check that the optical signal is good and whether you need to 
perform a new wavescan or calibration.  
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Information on the automated find-surface function for Piuma Nanoindenter systems installed before 
August 2019 
 
For older versions of the Piuma hardware (installed before September 2019), the automated find 
surface routine works in a slightly different method. In this method, the point of contact is determined 
by monitoring the bending of the cantilever while stepping the motorized Z-stage according to the 
large and small stepsizes set in the ‘Find Surface’ tab of the Options menu, with default stepsizes of 
10 µm (large) and 1 µm (small) (Figure 33). 
 

 

Figure 34: In older version of the Piuma software, the large and small stepsize can be changed (red), and the threshold 
settings refers to the voltage change on the cantilever signal when the surface is found.  

The stepping of the motorized Z-stage can be confirmed by the ‘beeping’ sound, which is the sound 
of the motor moving. In case the find-surface routine is aborted and the message ‘surface not found’ 
is displayed, the ‘Find-surface’ function can be restarted. When using very soft cantilevers (<0.4N/m) 
you might need to decrease the threshold (Figure 34, yellow) if the surface is “found” too early. If the 
probe ends up in contact with the sample, you might need to increase the threshold. Please find a 
more detailed description for adjusting the find surface threshold settings in our technical note, which 
you can find online via www.optics11life.com. 
 

 
Please note that a wrong cantilever stiffness – sample stiffness combination can cause the find-
surface routine to fail. Always verify the state of the cantilever by looking at the interferometer 

screen during finding the surface (see Chapter 7.1). 

http://www.optics11life.com/
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4.4  Configure Experiment 

 
The Piuma Nanoindenter can be used to perform simple indentations or it can be configured to run 
any sequence of indentations, matrix scans, moves, and to run the find surface procedure. In all cases, 
indentation sequences are configured using the configure experiment menu. This is found by clicking 
on the Config exp. button from the main menu (Figure 35). 
 

 

Figure 35: Open the Configure Experiment section by click on 'Config exp.' from the main window. 

 
 
The Configure Experiment window can be used to add, remove, or change steps within an 
experiment. The window shows different details about the experiment, including the different steps 
in the current experiment, the location where the experiment file is saved, and information about the 
details of the current step.  
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Figure 36: The Configure Experiment window shows where the experiment file is saved (yellow), information about the 
steps in the experiment (blue), information about the highlighted step (green), and it gives the ability to add, remove, or 

reorder steps (red). 

To begin creating an experiment, click on the ‘Add’ button to add a step. This will create a blank step, 
and then you can choose what you would like to include in the experiment. The current choices are 
‘Move’, ‘Find Surface’, ‘Indentation’, and ‘Matrix Scan’. You can also choose to open a previously 
saved experiment by clicking on the folder next to the ‘Experiment Path’ bar (Figure 37).  
 

 

Figure 37: To add a new step, click on the 'Add' button (red). When a step is highlighted, the function of the step can be 
chosen from the dropdown menu (green). A previously saved experiment can also be chosen by clicking on the folder icon 

next to the dialog box labeled ‘Experiment Path’ (yellow). 

Multiple different steps can be added to an experiment. Each step can be highlighted, and the 
parameters can be individually set. More will now be discussed about each of the options for 
Configure Experiment steps.  
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Find Surface 
 
A find surface step can be called during the experiment. The only parameter that can be set separate 
from the parameters in the ‘Options’ menu is the speed of the find surface (Figure 38 green). All the 
information previously described about Find Surface still applies while doing this find surface. This 
means that the parameter ‘Z above surf’ is defined by the value set in the ‘Options’ menu. 
 

Users with the automated find-surface function for Piuma Nanoindenter systems installed before 
August 2019: 

The ‘large stepsize’ and ‘small stepsize’ can be defined in the find surface step (Figure 38 orange), 
yet the ‘Find Surface threshold’ as well as the ‘Z above surface’ are defined in the ‘Options’ menu. 
 
 

 
 

Figure 38: A ‘Find Surface’ step can be configured as part of an experiment. Here, for system installed before August 2019 
the large and small stepsize (orange) and otherwise the find surface speed (green) can be adjusted. 

Wait 
 
The wait step can be added to the experiment to introduce a break. The duration of the break can 
be set either as relative or absolute in the tab. A relative waiting time corresponds to a timeframe (as 
hours, minutes or seconds). An absolute waiting time refers to a break created until a set time of the 
day (see Figure 39). 
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Figure 39: Select the wait step to create a break in the experiment. The waiting time can be set as a duration in relative 
mode or as an absolute waiting time until a specific time of the day. 

Move 
 
The move step allows one to make either a relative or absolute move of the stage in X, Y, and Z. The 
distance to travel, or the absolute stage location is recorded in µm. If an absolute move is desired, 
then the current location of the stages can be loaded into the dialog boxes for X, Y, and Z using the 
‘Use stage pos.’ button (Figure 40). The stages move in all directions at the same time, unless the 
moves are split into different move steps. A Z-direction move is positive if it moves the probe closer 
to the sample, and it is negative if it moves the probe away from the sample.  
 

Users with the automated find-surface function for Piuma Nanoindenter systems installed before 
August 2019: 

Due to hardware specifications, ‘Move’ in Z-direction must be separated from ‘Move’ in XY-direction. 
Therefore, two move steps must be implemented for a movement in XYZ. 
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Figure 40: A move in either relative (left, green) or absolute (right, blue) coordinates can be specified as a 'Move' step in 
the Configure Experiment window. All stages move at the same time. Z-direction moves are positive to move closer to the 

sample and negative to move away from the sample. 

Please note that a positive Z value moves the piezo down and a negative Z value moves the 
piezo up! No movement is achieved by inserting ‘0’ or ‘NaN’! Out of precaution, first move 

the piezo up relatively before moving to an absolute position! 
 
 
Single indentations 
 
The configured displacement, load or indentation profile is executed by choosing an ‘Indentation’ 
from the drop-down menu of a step in the ‘Configure Experiment’ window (Figure 37). The 
indentation parameters for each of the three modes of operation are describe in more detail below 
in Section 4.5 Modes of operation.  
 
 
Matrix indentations 
 
Instead of performing a single indentation, series of indentations can be programmed to perform an 
automated scan over an area of the sample. The indentation matrix is defined by selecting a ‘Matrix 
Scan’ from the drop-down menu when defining a step (Figure 37). The Profile of the Matrix Scan can 
be set using either the Profile tab or the DMA tab as described below in Section 4.5 Modes of 
operation. The parameters of the scan are set in the ‘Matrix Scan’ tab, and the parameters are the 
number of points in the X and Y directions (# X, # Y), distance between each point in the X and Y 
directions (dX (µm), dY (µm)), the starting location (Start X (µm), Start Y (µm)), whether or not to use 
Auto find surface (checkbox), the height above the sample to use when moving the XY stage (Z at XY 
move (µm)), and the height above the sample on which to start each indentation if auto find surface 
is used (Z above surf. (µm)). In order to use the current XY position as the starting position of the scan, 
just click ‘Use stage pos’, and the current location will be filled into the Start X and Start Y boxes. The 
grid the scan will perform is shown in  Figure 41 blue. Here, the maximum grid size is 12 x 12 mm. The 
red dot represents the position an indentation will be performed. 
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If the ‘Auto find surface’ checkbox (Figure 41, green) is checked, then, before continuing to a new 
point, including the first indentation of a matrix scan, the probe moves up to a safe transportation 
height and subsequently moves to the indentation location.  After reaching this location, the find-
surface procedure is initiated. Using the find-surface again for each point in a grid scan allows the 
Piuma to scan samples that have a higher degree of surface topography. 
 
  

 
 

Figure 41: Defining the parameters of a Matrix Scan (orange), the automated find surface approach (green) and the select 
grid (blue) in the Configure Experiment window. 

The data of the scan is saved in a generated ‘Matrix_scan_X’ folder in the directory specified in the 
General Tab of the Matrix Scan step. In this folder a file is created for each individual indentation, as 
well as one file containing the effective Young’s moduli per coordinate in a single grid. 
 
The following points should be considered when initiating a matrix scan over an area. First, since a 
positive point-to-point pitch is added to the starting position, it means the first point will always be 
displayed on the bottom left in the program’s probe position field. Because the stages move the 
sample, and not the probe, it means that the indentation area will be on the bottom left of the camera 
image with respect to the first point of the matrix scan. To measure another quadrant, the pitch can 
be made negative.  
 
Second, it is important to set a correct transportation height (the Z at X-Y move value). In case a large 
point-to-point pitch is chosen, please set such a value for the transportation height so that the probe 
cannot hit the sample during repositioning to a new coordinate. For large pitches and rough samples, 
it is advised to set the transport height so that it is at least half the size of the point spacing. 
 
Saving Configure Experiment File 
 
After setting up all the experiment steps, you can save the experiment step by either overwriting the 
current file if one exists by clicking on ‘Save’, or by creating a new file by click on ‘Save As…’. Clicking 
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on ‘Save’ if a file with the same name already exists will show a popup confirming that you want to 
overwrite the experiment file. Clicking on ‘Save As…’ will bring up a popup that allows you to choose 
a location in which to save the experiment. The experiment will be then saved as a file with a .dat 
extension that can be opened by selecting the folder icon next to the Experiment Path dialog box.  

4.5 Modes of operation 

 
The Piuma Nanoindenter can operate in three different modes: 
 

• Piezo displacement control:  D-mode  

• Load or Force control:  P-mode 

• Indentation depth control:  I-mode 
 

All three modes of operation are monitoring piezo movement, load (cantilever bending) and 
indentation depth. The modes are different in their controlling parameters and in their operational 
loop with the sample, as shown in the following table (Table 2). It is very important to understand that 
the piezo displacement is not the same as indentation depth, since a part of the probe displacement 
is converted into cantilever bending and material deformation. This means that the indentation depth 
is the difference between the piezo displacement and the cantilever bending minus the approach. In 
all operational modes the electronic working principle of the piezo, which regulates the probe 
displacement, is always in closed loop with the strain gauge, which permanently measures the 
absolute extension of the piezo.   

 D-mode P-mode I-mode 

Control Probe movement Load Indentation depth 

Controlled 
parameter 

Piezo 
displacement 

Cantilever 
bending 

Piezo displacement- 
cantilever bending 

Electronic circuit closed loop closed loop closed loop 

Sample circuit open loop closed loop closed loop 

Table 2: Comparison of the three modes of operation 

The differences in modes give you the possibility to define measurement designs, dependent on the 
parameter which can be held constant during one measurement. For this, a basic understanding of 
the working principle of the operational modes is crucial. 

 

D-mode 

In D-mode, a piezo displacement profile is defined by the user, resulting in a specific load and 
corresponding indentation depth. The indentation depth depends on the displacement profile and 
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the ratio of cantilever and sample stiffness. Since the piezo is not receiving any feedback signal from 
the sample (cantilever bending), it is working in an open loop with the sample. 
 
To define such displacement profile of the probe for an experiment in D-mode, first open the 
Configure Experiment window, then add an Indentation or Matrix Scan step, then select the ‘Profile’ 
tab of the step and choose ‘Displacement control’ in the ‘Mode Selection’ section (Figure 42, blue). 
In the window, a graph represents the displacement profile, of which the displacement (nm) and time 
(s) variables can be customized for each segment of the profile. A maximum segment number of 10 
can be defined; by default, the segment number is set to 5 (Figure 42, green). 
 

 

Figure 42: Mode selection: Displacement control 

 
P-mode 

The P-mode of operation allows you to set a specific load, which can be kept constant over a certain 
time interval. For this, the probe needs to be in contact with the sample. A velocity limited approach 
of sample surface sensing monitors the threshold of cantilever bending when approaching the 
surface. The piezo starts to receive a new feedback signal from the sample, which feeds the piezo in 
order to keep the intended load constant. The P-mode of operation is therefore in a closed loop with 
the sample. The threshold at which the cantilever bending triggers the indentation profile to start can 
be set, along with the approach and retraction speeds. It is best to match the approach and retraction 
speeds with the speed of the start and end of the profile to smooth out results. The threshold may 
need to be changed if a setup is particularly noisy that causes a profile to start before the cantilever 
is touching the surface.  
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In order to set a load profile, switch to ‘Load control’ in the ‘Mode Selection’ part of the ‘Profile’ tab. 
The load profile with three default segments can now be adjusted, according to the desired load (µN) 
and time (s) (Figure 43).   
 

 

Figure 43: Mode selection: Load control 

I-mode 

Operating in I-mode gives you the possibility to set an exact indentation depth. Like in the previously 
discussed P-mode, the piezo stroke is being permanently updated by a feedback signal from the 
cantilever after getting into surface contact. Using this feedback signal, the piezo adjusts continuously 
to control the sample indentation depth. Similarly, to the previously discussed P-mode, the threshold 
of cantilever bending that triggers the start of the profile and the approach and retraction speed can 
be set for each indentation. It is best to match the speed of approach and retraction to the speeds 
used during the profiles.  
 
In order to set an indentation profile, switch to ‘Indentation Control’ in the ‘Mode Selection’. The 
indentation profile with three default segments can be defined by an exact indentation depth (µm) 
over a specific time interval (s), and adjusted to the appropriate number of segments (Figure 44). 
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Figure 44: Mode selection: Indentation control 

4.6  Dynamic mechanical analysis - DMA 

 
The Piuma Nanoindenter features, besides the quasi-static operation, a dynamic operational mode. 
This DMA mode allows mechanical oscillations in all three modes of operation while indenting in a 
sample and can be switched ‘On’ in the DMA tab of the corresponding step information window in 
the Configure Experiment window. Oscillation parameters like frequency, periods, amplitude, and 
relaxation time are freely adjustable to provide a flexible measurement design (Figure 45). However, 
to guarantee a smooth DMA measurement choose the measurements following the minimum 
requirements in Table 3. 
 
 

Min. initial relaxation time 5s 

Min. relaxation time 2s 

Min. amplitude 2x noise level 

Lowest frequency possible 0.05 Hz 

Highest frequency possible 20 Hz 

Min. oscillation time 1s 

Table 3: Minimum requirements for a successful DMA measurement. 



 

47    

 

Figure 45: Configure displacement DMA profile. 

4.7  Saving measurements 

 
Each Indentation or Matrix scan, independent of operational modes, can be saved in a dedicated 
folder. To set up this folder, click the ‘General’ tab of the Indentation or Matrix Scan and create a 
folder in the browser dialog in the desired location (Figure 46). Each Indentation or Matrix Scan can 
be given a different name in the dialog box (as well as a different folder location). The Piuma software 
will automatically create a subfolder with this name, in which the data will be saved. You should avoid 
changing the saved file name afterwards in the Windows Explorer. This can be different for different 
indentation or matrix scan steps. A comment can also be added about the indentation or matrix scan 
being performed in the comment box (Figure 46). These comments are saved along with the data.  
 

 

Figure 46: The General Tab of an experiment step allows you to change the save location of an Indentation or Matrix Scan 
step and to make a comment about the step being performed. 
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4.8  Performing measurements 

 
After configuring all parameters for the experiment in the configure experiment window, the actual 
collecting of the data is quite straightforward. Any saved or loaded experiment can be run by pressing 
the ‘Run Experiment’ button in the main window (Figure 47). Below, details on each of the different 
experiment steps are described in further detail. The measurement process remains the same for all 
three modes of operation.  

 

 

Figure 47: A sequence of steps specified in the Configure Experiment window can be run by pressing the ‘Run 
Experiment’ button from the main window. 

4.9 Results 

 
Indentation results tab 
 
The indentation results section describes the results derived from the latest indentation. The 
parameters displayed here are slope, maximum force applied, the effective Young’s Modulus and the 
bulk Young’s Modulus using the pre-configured Poisson’s ratio (Figure 48). 
 
To the right of the ‘Indent results’, an indicator shows the suitability of the probe for the sample: the 
indicator indicates if the probe’s cantilever stiffness matches up well with the sample (green), 
suboptimal (yellow) or when you might need to consider using another probe (red). 
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Figure 48: Indentation results after indenting a sample in D-mode. 

 
 
Each graph can be saved directly to the hard disc by right-clicking on the graph and select ‘Export’ 
and ‘Export simplified image’. Follow the instructions and the image can be saved.  
 
The main window displays a live feed of both the optical cantilever signal as well as the video camera 
on board of the Piuma Nanoindenter. An image of the video feed can be saved to the hard disc by 
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clicking ‘Save image’. The image can be magnified on the screen by clicking ‘Magnify’. The LED top 
lighting can be switched on (default) or off with the ‘LED light’ button.  
 

 

 
The load-displacement window shows the load-displacement curve of the last indentation, here in 
Displacement mode (Figure 48). The blue line shows the loading curve and the green line shows the 
unloading curve. The red line indicates the polynomial fit that is used in the Hertzian model. 
 
On the right side of the load-displacement window you can find the time data. The top graph contains 
probe displacement, cantilever bending and indentation depth as a function of time. Following the 
displacement (Piezo) curve down, at some point the cantilever starts bending. This indicates the 
indentation starts out of contact, which is preferred. Also, after the point of contact, the slope of the 
blue line should be distributed over the slope of the green and red lines as the initial displacement 
can only result in an approach of the sample, sample deformation and cantilever bending. 
 
The bottom graph shows the applied load as a function of time (Figure 48). Additionally, there is a 
possibility to activate an auxiliary graph by left-mouse-clicking on the ‘Auxiliary’ icon and enabling 
‘Plot visible’. This function is very useful when an external signal source is being used in parallel to the 
nanoindentation experiment.  
 
 
 

Figure 49: Signal monitoring during find surface. 
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Scan results tab 
 
When a matrix indentation is performed, the ‘Young’s Modulus’ tab shows a map representation of 
the Young’s Modulus per coordinate. This map can be showed in 2D or 3D, and the minimum and 
maximum Z-axis values can be manually adjusted (Figure 50, Figure 51). The ‘Show Young’s’ button 
allows to convert the effective Young’s Modulus to the bulk Young’s Modulus using the 
preconfigured Poisson’s ratio. The histogram displays the matrix scan results, and subsequent 
single indentations, if any. The number of bins can be adjusted manually to gather a better overview 
of the distribution of the results. 
 
 
 

 

Figure 50: Scan results tab, showing a 5x5 2D plot and a histogram. 
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Figure 51: can results tab showing a 5x5 D plot and a histogram. 

4.10 Data processing and analysis 
 

For each single indentation and indentation in a matrix scan, all the load-displacement data is stored 
in a tab-separated text file. By using this text file, the load-displacement data can be imported in any 
program for post-processing. Also, the Piuma Dataviewer program can be used to quickly load all 
data and make small adjustments where necessary. 
 
For each matrix scan a tab-separated text file is saved with a matrix of the Effective Young’s Modulus 
per coordinate. This allows one to quickly recreate the Young’s Modulus map in any other software 
program. Additionally, per indentation a separate text file is saved that contains all information for 
this indentation. The header of the file contains the absolute coordinates, the automatically defined 
surface position, the probe parameters used, the calibration factor applied, the displacement profile 
used and some variables that are extracted from the load-displacement curve, such as maximum load 
(Pmax), maximum displacement (Dmax) and (Eff.) Young’s Modulus. 
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Figure 52: Typical indentation file showing the header lines and the start of the five data columns describing the 
indentation curve. 
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5. OPTIMIZING INSTRUMENT STABILITY 
AND SAMPLE MOUNTING 

 
Optimizing the experiment conditions and sample mounting can greatly improve the quality of the 
indentation. During an indentation, environmental stability, sample stability and probe suitability 
define the quality of the experimental dataset. In case the indentation results show irregularities or 
high noise, it is worth considering the factors as described below.  

5.1  Environment stability 

 
The Piuma Nanoindenter is engineered to operate as independent from the environment as possible. 
Nonetheless it is still possible for the environmental conditions influence and compromise 
measurement results. 
 
Temperature 

In order to minimize the measurement error due to temperature drift, sudden room or medium 
temperature changes should be avoided when measuring. Verify the Piuma is mounted away from 
any air-conditioning, heating or ventilation vent. If present, the Piuma’s heated stage can be used to 
measure samples at physiological temperatures. Be aware that the heater can also introduce drift in 
the measurement if the sample or medium temperature has not yet reached an equilibrium state. 
 
Vibrations 

To minimize the measurement error due to mechanical disturbances, such as ground vibrations from 
other labs, other equipment or appliances, ensure the Piuma Nanoindenter is mounted on a stable 
bench. Preferably this bench is not shared with other vibrating machines such as vortexes, pumps, or 
large fans. Optionally the Piuma Nanoindenter can be mounted on top of a third-party stabilization 
platform, such as an air table or spring table. 
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Mechanical instability can also originate from the sample 
container or sample substrate contact with the Piuma’s 
sample stage. In order to get the best measurement 
possible, the complete ‘measurement loop’, so 
everything between the probe (Figure 53, item 1) and the 
Piuma’s sample stage base plate with the sample 
container on top (Figure 53, item 2) should be as stiff and 
stable as possible. This can be achieved by ensuring a 
good and stable contact between the sample substrate 
or container and the Piuma’s sample stage, and by using 
stiff substrates and containers. Plastic sample containers, 
such as petri-dishes, may be used, but it is advised to 
check stability of the dish when placing it on the sample 
stage: if the dish rocks when pushing gently on the edge, 
it is unstable, and an alternative sample mounting is 
advised. 
 
Laminar flow cabinet 
 
The Piuma Nanoindenter can also be used inside a 
laminar flow cabinet. For optimal stability, only put the 
Piuma indenter head in the laminar flow cabinet on a 

sturdy surface and set up the peripherals outside the flow cabinet. The Piuma indenter head can be 
wiped with ethanol or iso-propyl alcohol to clean the instrument, however, avoid spraying any liquids 
or solvents directly on the Piuma indenter head. In case the noise of the flow cabinet is too 
pronounced in the measurement, consider lowering or briefly switching off the airflow during the 
measurement. 
 

5.2  Sample stability 

 
Additional to the environment, the sample itself can also introduce a measurement error. 
 
Sample temperature and integrity 
 
When attempting to measure samples that come fresh out of the incubator, use the stage heater to 
adjust the Piuma’s sample stage to the same temperature. Alternatively, when the heater is not 
available, or if medium or samples come out of a refrigerator, let the sample temperature stabilize to 
room temperature before initiating with the measurement. 
 
The sample itself can also have unstable mechanical properties. Mostly this is caused by a structure 
of the sample material: when measuring a highly heterogeneous sample, such as decellularized ECM, 
porous scaffolds or 3D-printed structures, extra care should be taken in selecting the appropriate 

Figure 53: Side-view of Piuma Nanoindenter 
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cantilever stiffness, tip size and indentation settings. For example, when working with samples that 
have a porous surface, selecting a tip diameter that is either much smaller or larger than the average 
pore size avoids having the tip trapped in the sample. 
 
Sample immobilization 
 
Next to a stable sample, it is important to immobilize the sample to eliminate lateral and height drift 
during and between indentations. Indenting a drifting or floating sample results in unreliable 
indentation measurements. Especially when performing automated matrix scans make sure the 
sample is immobilized correctly. 
 

 

Figure 54: Piuma camera view of a living immersed micro-tissue on a microscope slide. Extra care should be taken when 
measuring samples that cannot be glued or weighed down. 

 

5.3  Probe stability 

 
The probe may be subject to instability if subjected to sudden temperature changes or if an air bubble 
is trapped near or on the cantilever upon immersion in a liquid.  
 
Solution temperature 
 
When immersing the probe in a liquid of a different temperature, such as refrigerated liquids or 
liquids obtained from the incubator, wait a few minutes upon immersion to let the probe adjust to 
the new temperature and equilibrium is reached. This can be observed by the interferometer signal: 
if the voltage is changing a lot when the probe is immersed, this is a sign the probe is still adjusting 
to its new environment. 
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Air bubble 
 
As the probe and cantilever are made of glass, it can occur that an air bubble gets trapped between 
the probe and the cantilever: this will result in a failed probe calibration or excessive noise in the 
measurements. An air bubble on the probe can be detected by observing the probe through the side 
of a petri-dish while immersed in a transparent medium (Figure 55). 
 

 

Figure 55: Side-view of a Piuma probe while immersed in a transparent medium. As indicated by the red arrow, an air bubble 
is present at the base of the cantilever. 

 
To remove an air bubble, lift the probe out of the medium and carefully 
take it out of the probe mount. Now draw the liquid out of the 
cantilever-probe gap by holding a tissue to the side of the probe. Once 
the bubble pops, the surface tension is released, and when immersed 
again, the air bubble will not form. Note that you should avoid directly 
touching the cantilever: the cantilever is very fragile and can break easily 
when touched. Holding the tissue at a safe distance will also allow you 
to dry the probe without touching the cantilever (Figure 41). How to 
avoid trapping an air bubble when inserting the probe into a solution is 
being described in the next chapter 5.1. 
 
 
 

 
Suitable probe cantilever stiffness 
 
In order to perform successful indentation experiments, it is necessary to have a probe cantilever with 
a suitable stiffness compared to that of the sample. When the probe cantilever is too soft or too stiff, 
there will be too little indentation or cantilever bending, respectively, likely resulting in inaccurate 
measurements. The ‘Probe suitability’ indicator in the bottom-right corner of the software indicates 
the suitability of the probe in use. Please see the probe selection guide for more information on 
selecting the appropriate probes for your experiments. 
 

Figure 56: Removing an air 
bubble by drying the probe 



 

58  optics11.com 

Suitable probe tip size 
 
Choosing an appropriate tip size is related to the structure of the sample and the kind of experiment 
one wishes to perform. When measuring the global elasticity of a sample, a larger tip would be more 
suitable, since the applied and recorded force of each indentation would effectively average over a 
larger area than for a small tip. For measuring small spatial features or a very rough sample, a smaller 
tip could be more suitable. Tip size should be carefully considered when working with porous 
materials: to determine the overall structural properties of a porous material, select a tip size several 
times larger than the largest pore. For examining local features within one pore, select a tip size that 
is several times smaller than the pore diameter. 
 
Adhesion 
 
Adhesion between a sample and the indentation tip could interfere with the find-surface procedure 
or affect the measurement result. Three solutions for measuring adhesive samples can be provided: 
(1) immerse the sample in a liquid (2) to passivate the sample using some sort of non-adhesive coating, 
for example bovine serum albumin (BSA), or in case this is not possible (3) use the  ‘Adhesion mode’, 
to be adjusted in the Piuma software’s ‘Advanced’ tab within the Option’ menu, to pull the cantilever 
free from the surface to a desired height and duration after the surface has been detected using the 
find-surface function (Figure 57). 
 

 
 

Figure 57: Adhesion mode – with adjustable height and time to get out of contact with an adhesive sample surface. 
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6. WORKING PRINCIPLE OF THE PIUMA 
NANOINDENTER INSTRUMENT 

 
The goal of performing indentation experiments with the Piuma is to measure the mechanical 
properties of a sample under study. These properties include the Young’s Modulus (or modulus of 
elasticity) and visco-elastic properties. These experiments are performed by gradually deforming the 
sample, while accurately measuring the reaction force. From the load-displacement curves, where the 
load is plotted against the sample deformation, the mechanical properties are derived using 
mechanical models. 

 
 

6.1  Principle of operation 

 
The Piuma Nanoindenter uses proprietary optical probes in combination with the Optics11’s OP1550 
interferometer, to precisely detect sample deformation by detecting cantilever bending. The Piuma’s 
unique probes are at the heart of what makes the Piuma instrument so easy to operate and provide 
unparalleled precision at the same time. The next paragraphs briefly describe the physics behind this 
optical probe design. 
 
 
Interferometric displacement sensing 

 
The Piuma interferometer contains a laser source, of which light is coupled into the optical fiber. The 
laser wavelength, 1550 nm, is highly defined (a narrowband source). The light is trapped inside the 
optical fiber by a refractive index difference between the core and the cladding. As the fiber 
terminates in the probe, a sudden change in refractive index (fiber-to-air/medium) occurs. This causes 
the interface to reflect a part of the light back into the fiber. The remaining light is coupled to the air 
or medium, and is reflected by the next interface, the cantilever. This reflection is also coupled back 
into the fiber (Figure 58). 
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Figure 58: Simplified optical scheme of the Piuma Nanoindenter. 

 

 
The two back-propagated waves interfere with each other, of which the resulting intensity is detected 
by the photodiode. Whenever a phase shift between the two reflecting interfaces occurs, the resulting 
interference will also change, resulting in a higher or lower total intensity at the end of the 
photodetector. For a continuous phase shift of these two interfaces, a sinusoidal intensity pattern at 
the end of the photodetector can be observed. 
 
 
The Piuma optical indentation probes 
 
The optical probes used in the Piuma Nanoindenter are manufactured in Amsterdam, and consist of 
an optical connector, an optical fiber, a probe holder and an indentation probe, all in one piece. The 
cantilever stiffness and tip size of the probe is calibrated at Optics11 and the values are provided on 
the probe’s container. 

 
Since the optical probe, the cantilever, and the tip consist of glass with resistant glue interfaces, the 
whole probe can be immersed in any solution that does not affect glass or HT-epoxy. Usually before 
bringing the probe into first contact with the solution, in which the calibration is going to be 
performed, it is highly recommended to pre-wet the probe. Simply the application of a few droplets 
from around 1cm above the cantilever, reduces the chance of trapping an air bubble, as described in 
the previous chapter, significantly (Figure 59, right).  
 
Often applications involve salt solutions in which a sample, such as a cell seeded scaffold, is immersed 
and needs to be characterized in that state. The Piuma can perform this experiment, as the whole 
probe can be submersed, eliminating the need to compensate for surface tension or medium 
interface effects. In addition, this enables cleaning the probe with demi-water or solvents, such as iso-
propyl alcohol or ethanol, to sterilize and re-use the probes.  
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Figure 59: Side-view of a probe (left) with schematic picture and sensitive part (middle, red), as well as indentation probe 
being pre-wetted before brought into contact with the measuring liquid (right). 

 

6.2 The measurement and calculation of the Young’s modulus 

 
 
The determination of the Young’s modulus relies on the measurement of load-indentation curves, 
which subsequently can be analyzed by different material models. For elastoplastic materials, the 
unloading part of the curve can be fitted by software with the so-called Oliver&Pharr model1,2,3, which 
excludes any plasticity bias from the results. However, a more direct Hertzian contact model can be 
used for purely (visco-) elastic materials. 

Note regarding maximum indentation depth: 

All following models rely on the assumption that the tip is parabolic when calculating the contact 
radius a. Therefore, this assumption is valid to the maximum indentation depth of 16% of the tip 
radius4.  

 
1 W.C. Oliver, G.M. Pharr, An improved technique for determining hardness and elastic modulus using load 

and displacement sensing indentation J.Mater. Res. Vol. 7 No. 6 1564 (1992) 
2 W.C. Oliver, G.M. Pharr, Measurement of hardness and elastic modulus by instrumented indentation: 

Advances in understanding and refinements to methodology J.Mater. Res. Vol. 19 No. 1 3 (2004) 
3 Fischer-Cripps, A. C. “A Review of Analysis Methods for Sub-Micron Indentation Testing.” Vacuum 58, no. 4 

(September 1, 2000): 569–85. https://doi.org/10.1016/S0042-207X(00)00377-8. 
4 Lin, David C., David I. Shreiber, Emilios K. Dimitriadis, and Ferenc Horkay. “Spherical Indentation of Soft 

Matter beyond the Hertzian Regime: Numerical and Experimental Validation of Hyperelastic Models.” 

Biomechanics and Modeling in Mechanobiology 8, no. 5 (October 2009): 345–58. 

https://doi.org/10.1007/s10237-008-0139-9. 

 

 

 

https://doi.org/10.1016/S0042-207X(00)00377-8
https://doi.org/10.1007/s10237-008-0139-9
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Oliver and Pharr / Field and Swain 

This method derives the Young's modulus from the slope of the unloading part of the -load-
indentation curve, where deformation during unloading is assumed to be elastic, indenter tip radius 
and final indentation depth using the following formula: 
 

𝐸𝑒𝑓𝑓 =
𝑆

2⁄

√𝑅𝑖 ∙ √ℎ𝑚𝑎𝑥 + ℎ𝑟

 

 

Figure 60: Typical load-displacement curve of an indentation (left). The ‘unloading’ curve is used to derive the Young's 
modulus, by applying the Oliver and Pharr method. Schematic imprint of made by a spherical indenter after loading and 

unloading cycle (right). 

 
 
 
𝐸𝑒𝑓𝑓 represents the effective Young’s modulus, 𝑅𝑖 is the spherical tip radius, S is the slope at 

maximum indentation, and ℎ𝑚𝑎𝑥 and ℎ𝑟  are the maximum indentation depth and final contact depth, 
respectively. In order to optimize the retrieval of the Young’s modulus from the unloading curve, the 
software allows one to set the range of data points to be included in the slope estimate, relative to 
the maximum load in the unloading phase (default setting = 60% to 80% of the maximum load on the 
unloading curve). For more details, please find our whitepaper on nanoindentation on our website. 
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Hertzian contact 

The calculation of the effective Young’s modulus by considering the Hertzian contact model follows 
the fit of the loading curve to the following equation:  
 

𝐹 =
4

3
𝐸𝑒𝑓𝑓 √𝑅𝑖 ∙ ℎ3/2  

Hertz model assumes material to be purely linear elastic. The goodness of the fit is evaluated in the 
software by calculating root mean square error RMSE and NRMSE (normalized).  

 

Figure 61: The loading curve is used to derive the effective Young's modulus from the Hertzian contact (left). A 
sphere of radius 𝑅𝑖 indents an elastic half-space to depth ℎ𝑚𝑎𝑥 , and thus creates a contact area of  

 radius 𝑎 = √𝑅𝑖ℎ𝑚𝑎𝑥 (right). 

 
Effective vs. bulk Young’s Modulus 
 
In both models the analysis returns the effective or reduced Young's modulus (𝐸𝑒𝑓𝑓), in which the 

Poisson ratio has not been considered. The Piuma software also enables to directly calculate the ‘bulk’ 
Young’s Modulus (𝐸), for which a Poisson’s ratio 𝜈 can be set in the software (default is 0.5 for perfect 
incompressible materials). If the Poisson’s ratio of the sample is unknown, it is advised to report the 
effective Young's modulus (𝐸𝑒𝑓𝑓), since the Poisson’s ratio can have a slight impact on the calculated 

Young's modulus (𝐸). 
𝐸 = 𝐸𝑒𝑓𝑓(1 − 𝜈2) 

 
 
  

https://en.wikipedia.org/wiki/Sphere
https://en.wikipedia.org/wiki/Radius
https://en.wikipedia.org/wiki/Half-space_(geometry)
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DMA Analysis 
 
Dynamic Mechanical Analysis (DMA) uses a cyclic motion with frequency, 𝑓, while controlling 
displacement or load with an amplitude of ℎ0 or 𝐹0, respectively. The frequency-dependent storage 
modulus, 𝐸′, and loss modulus, 𝐸′′, are calculated with the following equations:  
 

𝐸′(𝑓)

(1 − 𝜈2)
=

1

2

𝐹0

ℎ0
cos(𝛿)

1

√ℎ𝑅
 

 
𝐸′′(𝑓)

(1 − 𝜈2)
=

1

2

𝐹0

ℎ0
sin(𝛿)

1

√ℎ𝑅
 

 
 
where δ if the phase lag between oscillations of indentation and load. tan(δ) is the dissipation factor 
which is also the ratio between loss and storage modulus. Complex modulus can be calculated 
according to this formula: 

𝐸∗ = √𝐸’2 + 𝐸′′2 
 

If the amplitude of the input oscillation is small enough, the measurements can be considered 
within the material linear viscoelastic region (LVR). Within the LVR, the response is assumed 
to be independent of the input amplitude and sinusoidal. Furthermore, when selecting the 
amplitude of oscillations, the depth should be considered due to curvature of the sphere, so 

that  
ℎ0

ℎ
≪ 0.25.  The phase lag is 0° for a purely elastic material (tan(δ)=0), 90° for a purely 

viscous material (tan(δ)=undefined), and in-between 0° and 90° for a viscoelastic material. For 
most biological materials, tan(δ) is between 0 and 1 (δ between 0° and 45°), which means that 
material behaves as viscoelastic solid rather than viscoelastic liquid. After gathering the 
frequency-dependent storage and loss moduli, they can be fit to lumped parameter 
rheological models to derive material viscoelastic constants 
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7. THE OP1550 INTERFEROMETER 
 
The interferometer operates as stand-alone device and can be switched on or off any time the Piuma 
Nanoindenter system is in stand-by. The OP1550 interferometer contains a tunable laser source, 
modulation options, a high-speed photodiode and data acquisition electronics. 
 
The OP1550 interferometer is configured using the five buttons on the front panel that allow to walk 
through the menus and select and alter menu items. In order to select a field or button on the OP1550 
screen, move the cursor over the button or field and press the center button (enter). In case a field is 
selected, the field will turn blue and the up and down buttons can be used to alter the value the 
cursor highlights. 
  
The interface is built up out of two menus. The first menu (Measurement, Wavelength scan, 
Demodulation and Settings) can be accessed using the buttons on the top of the screen. The second 
menu (Laser, ADC, Output, Modulation and Maintenance) can be accessed by scrolling from left to 
right while keeping the cursor in the right-hand side of the screen.  
 
 

 

Figure 62: The OP1550 interferometer. 
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7.1   Using the OP1550 interferometer 
 

The measurement, wavelength, demodulation and settings menu 
 
The ‘Measure’ tab displays the actual intensity that reaches the photodiode, which converts this 
intensity into a voltage.  
 

 

 

Figure 63: Measurement (a), Wavelength scan (b), Demodulation (c) and Settings menu (d) of the OP1550 interferometer. 

 
 

The ‘Wavelength scan’ menu shows the resulting interference after a wavelength scan in which the 
laser can be tuned over ~50 nm. This automatic tuning is performed by pressing the ‘Scan 
wavelength’ button at the bottom of the screen in the ‘Wavelength scan’ menu. A correct wavelength 
scan results in a sinusoidal curve as shown in Figure 63b).   
 
The ‘Demodulation’ tab displays the interferometric linearization, by aligning the collected datapoints 
to a unity circle. It can be very useful for observing the cantilever bending, while manually approaching 
the surface of a sample or a stiff surface during the calibration procedure. When the tip is actually 
touching a surface the datapoint is changing its position along the unity circle (Figure 64). When 
calibrating the geometrical factor, the probe must be in contact with a stiff surface, otherwise the 
calibration fails. If the probe is not in contact after the find surface procedure, you can manually move 
the Z-stage in 1µm-steps down to bring the probe into contact.   
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The ‘Settings’ menu allows to set all current parameters as default values. When restarting the OP1550 
interferometer the last saved values will be loaded.  
 
The Laser, ADC, Output, Modulation and Maintenance menu 
 
The right side of the screen is reserved for the Laser, ADC, Output, Modulation and Maintenance 
menu. To scroll through the menus, move the cursor to the section right of the graph area, and press 
the left or right arrow. 
 

 

 

Figure 65: Laser (a), ADC (b), Output (c), Modulation (d) and Maintenance menu (e) of the OP1550 interferometer. 

Figure 64: Datapoint changing its position after the tip is getting in contact with a surface: probe out of 
contact (a), noise caused by probe moving during automated find surface procedure or by manually 

moving the Z-stage (b), probe in contact with surface resulting in datapoint position change (c). 
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The ‘Laser’ menu displays the laser controls. Always operate channel 86 of the laser: this corresponds 
to 1530nm, which is also set in the maintenance menu of the software.  
The ‘ADC’ menu displays the photodiode and data acquisition settings. By using the ‘Scan 
wavelength’ feature in the ‘Wavelength scan’ menu, the Offset and Gain values for conversion of the 
raw photodiode voltage to fit the 0-10V range is automatically performed. In case the automatic 
procedure fails, the ADC menu provides the opportunity to manually adjust the offset and gain 
settings. Also, the automatic adjustment of the offset and gain settings can be switched off by 
unticking the ‘Auto adj.’ box. Is this is done, the ‘Scan wavelength’ function in the Modulation menu 
will tune the laser without setting offset and gain values, which can be convenient for manual setting 
offset and gain values. Always make sure the ‘Modulation’ box is ticked before performing an 
experiment. 
 
In the ‘Output’ menu you can adjust the signal output at the ‘Front out’ either as a ‘Straight’, which 
displays the modulated signal or as a demodulated by switching to ‘Demodul.’ The range and 
sensitivity parameters can be changed in the maintenance menu in the software, but it is 
recommended to keep them at the default settings.  
 
The ‘Modulation’ menu contains the controls to induce a small modulation on top of the laser output 
signal by quickly and continuously modulating the laser wavelength. This modulation is required for 
the Piuma to function properly and should always be turned on when performing indentations. The 
modulation is active when the mode is set to ‘On’; the menu will now show the controls to change 
the frequency, amplitude and offset of the modulation signal. In normal operation, these will not have 
to be changed.  
 
In the ‘Maintenance’ menu the modulation phase shift and the lock-in amplification can be adjusted 
to certain parameters. The default settings are 80.0 degree for the ‘DDS Phase shift’ and 10.0 V for 
the ‘Lock-in gain’ and should not be changed.  
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8. FAQ & TROUBLESHOOT 
 
Q1: The automated find-surface function fails to detect the surface automatically. 
A1: The Piuma looks for a voltage difference when using the find-surface function. In case any 
problems occur with the find-surface function, please verify the signal amplitude on the OP1550 is 
enough (absolute values 3-7 V minimum, or an amplitude of 4V or higher). Please check whether the 
piezo BNC cable is properly connected. If the problem persists, verify the probe is not too stiff for the 
sample, and check the probe for contamination under a (stereo) microscope. 
 
Q2: I only get ‘noise’ data after performing an indentation. 
A2: Check if the ‘Modulation’ box in the ADC menu of the OP1550 is ticked. In case the problem 
persists, check the probe for contamination under a (stereo) microscope. 
 
Q3: I get more cantilever bending than displacement in the results (a backward sloping load-
displacement curve).  
 
A3: Verify the probe is calibrated in the medium the probe is used in. In case this is uncertain, 
recalibrate the probe on a stiff surface. Also, please ensure the tip hits the sample prior to any other 
part of the cantilever hitting the sample. In case the problem persists, check the probe for 
contamination under a (stereo) microscope. 
 
Q4: The Piuma stage motors keep on moving during the initial ‘homing’ procedure when starting up 

the software. 

A4: If the X, Y-stages fail to reach starting positions during the homing procedure, this indicates 
something obstructs the stage. Take off the protector stage or backlight module and check whether 
the X-Y stage is free to move. 
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Figure 66: Example of contamination that compromises cantilever bending. 

 
 
 
 

Flowchart - Calibration 

Most issues that occur while measuring with the Piuma Nanoindenter are related to the calibration of 
the instrument. A troubleshooting flowchart is presented on the next page to guide you through 
possible issues and solutions, to ensure a safe calibration of the Piuma Nanoindenter and therefore 
a correct functionality of the instrument.       
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For troubleshooting, support or questions, while working with the Piuma Nanoindenter, please visit 
us online at www.optics11life.com or contact us at: 
 
Tel.: +31 20 5987917 
E-mail: info@optics11.com 
 
Office hours are between 8h and 18h, CET.  
 
 
 
 
 

 

 
 
 
 
 
 
 
 

http://www.optics11life.com/


 

 

 


