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Scanning Thermal Microscope

SThM is a specialized variant of Scanning Probe Microscopy that maps 
the local thermal properties at nanoscale level.

Simultaneously maps topography and thermal properties.

SThM uses AFM cantilever probe with an integrated thermal sensor. 

 Provides localized thermal analysis near point of contact and the 
temperature is measured at each point to create a thermal image.

 Probe acts as a near-field temperature detector and a heat source.



Thermal Properties:
 Temperature

 Temperature gradient

 Qualitative thermal conductivity

Applications:
Nanoscale thermal analysis is very important for scientific and 
industrial interest
 Semiconductor structure/devices.

 Data storage technology.

 Variation in thermal properties in polymers, phase change.

 Heat transport in nanodevices.

Scanning Thermal Microscope



Specifications 
Cantilever Material : Silicon Nitride
Spatial Resolution : 150-200 nm
Maximum Temperature : 160⁰C

Disadvantages : 
• The sensing element is situated away from the tip apex
• Does not measure direct temperature
• Poor Thermal and Spatial Resolution
• Cantilever starts bending for temperatures above 160⁰C

Two types thermal sensing elements:
(i) Thermistor - There is a change in resistance when temperature is varied
(ii) Thermocouple - Produces temperature dependent voltage at the juncti

Thermal Probes 
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Micromachined Scanning Thermal Imaging System
(Joint Development with AppNANO)

ACS Nano, 2018, 12 (2), pp 1760–1767
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(a) Optical and (b) AFM images obtained from a MoS2-WS2 heterostructure. (c) Raman spectra obtained from MoS2 and WS2 regions. (d)
Raman map of the MoS2-WS2 heterostructure device. (e) AFM topography image of the same device. (f-h) Temperature rise profiles of the
device at different dissipated electrical power at VG = +60V. The heating predominantly takes place on the WS2-metal vertical junction and
the lateral interface does not contribute to localization of the heat. The green arrows in (h) shows the position of the formed hot-spots. (i)
Temperature line profiles on the dashed red line in (h) at different applied powers.

Advaned Materials 31 (2019), 1808244

Mapping Hot Spots in Layered 
Materials



Topographya Temperature Mappingc

f=300 KHz, 14.8Vpp

Temp Gradient

Single Magnetic Nanostructure 
Temperature Mapping for Theronostics

Temperature Mapping

f=300 KHz, 12.2Vpp



Quantitative Biomechanics and 
Imaging Capabilities in SPID

• Comprehensive Package for live cell and tissue imaging and nano-
mechanical mapping

• Small volume capabilities (~60µl) with sample perfusion for molecular 
biology and single molecule applications

• Software controlled heating stage from ambient temperatures to ~60°C



Life Science Imaging System



Nature Scientific Report 5, 
11097 (2015)
Nature Scientific Report 8 (1) 
1002 (2018), 
Nature Scientific Report 7, 
14152 (2017)
Nature Materials 15(4), 469 
(2016)

Quantitative Nano-
Biomechanics in Fluid 



Force-Volume Mapping



Time-Lapse Elastic Modulus Map 
of Live EC Cells
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Science 310, 89 (2005), Nature Nanotechnology 3,501 (2008)

Scanning Near Field Ultrasound 
Holography (SNFUH): Seeing the Invisible!

Near-Field SPM Platform: 
 Excellent Lateral Resolution

Ultrasound source:
 Non-destructive and Depth-Sensitive

Holography Paradigm:
 Sensitive to “Phase” Perturbations



Ultrasound Bioprobe for Nanomechanical 
Analysis 

Science Advances 2017; 
3:e1701176
Science Advances 2017; 
3:e1701176
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Science Advances 2017: 3;e1701176, Nature Scientific Report 8 (1) 1002 (2018),
Nature Scientific Report 7, 14152 (2017)

Imaging magnetic core nanostructure embedded in refractory silica 

core shell based molecular marker
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fs=2.20 MHz, 4.8 Vpp

fc=2.30 MHz, 4.6 Vpp
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Ultrasound Bioprobe for Nanomechanical 
Analysis 

AFM topographical image EC cells altered by addition of thrombin and
ultrasound bioprobe phase image demonstrates remarkable contrast from intra-
cellular fibers. Intracellular fibers are predominantly seen in the ultrasound phase
image along with stretched gaps and sub-cellular phase contrast on the nuclei
region of the cells.

Science Advances 2017: 3;e1701176



Topography Ultrasound Phase

Au Nanoparticles

Sub-Cellular Features

Stenotrophomonas maltophilia  (Bacteria 
found in gold mines) 
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