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It is predicted more than 80 billion devices will be connected to the internet by 2025. 
Sensors are an integral part of the internet-of-things (IoT) revolution, and the total 
volume of deployed sensors in real world will be several multiples of the device volumes. 
Innovations in sensing technologies will continue to push the performance boundaries 
in existing applications while also driving the creation of new applications and emerging 
market opportunities. Most traditional sensors handle a single type of measurement. 
For applications that require multiple sensing modalities, multiple types of sensors are 
typically used in the system design. This requirement can add to the complexity and cost 
of the system. Moreover, in the case of battery-operated devices, the power drain from 
multiple sensors can eat into the battery life of the device. 

Instrumem’s Multi-Sense platform is a nanosensor capable of detecting multiple 
parameters. The platform leverages a proprietary MEMS nanoscale design to deliver the 
world’s fastest and smallest flow and temperature sensors for applications with power 
and size constraints. The small size of the MEMS sensor provides unique performance 
advantages such has high response rate, and excellent sensitivity. Integrating multi-
physics and machine learning algorithms with the sensor, Instrumems’ Smart Multi-
Sense solution is also the first-and-only solution that is capable of measuring air and gas 
flow, liquid flow, bubble detection, and gas detection on a single chip-scale sensor.   
Instrumems’ Multi-Sense provides a superior option for applications such as process 
control, HVACs, indoor air quality, microfluidics, respiratory air flow, smart inhalers and 
many other industrial, medical and consumer applications where traditional sensors are 
too large, too expensive, or cannot achieve the high-performance in compact form 
factors.  
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Instrumems novel approach pairs this traditional hotwire anemometry technique with a 
high-performance MEMS nanosensor design. This innovation, using nanotechnology and 
proprietary semiconductor manufacturing techniques, miniaturizes the traditional 
hotwire sensor. Since thermal mass of the Instrumems’ sensor is very small, very low 
flow rates can be detected with high accuracy. The sensor can be heated and cooled at 
a very fast rate enabling very high response time, which is critical for certain applications, 
such as industrial process control. Miniaturization also provides many benefits including 
the ability to mass produce Multi-Sense flow sensors, which in turn, lowers the unit cost 
significantly compared to traditional sensor designs.  

Hotwire Anemometry 
with a MEMS Sensor 

 

Hot-wire anemometry is well-established technique used to measure the velocity of 
gases or liquids. A hotwire anemometer typically consists of a thin conducting 
suspended film. The operating principle is based on heating the film with an electric 
current and allowing the fluid flow to cool the film. As the fluid flows over the film, some 
of the heat is removed from the film. Faster the flow, more heat is removed from the 
film and the greater the cooling of the film. Based on thermodynamic energy balance 
relationships, the velocity and flow rate of the fluid can be calculated with high accuracy. 
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The sensor’s nano-filament, measuring about 100 nanometers in thickness, makes it the 
smallest flow sensor in the world. Leveraging on the physical benefits that come from 
miniaturization, Instrumems proprietary algorithms and software help deliver a 
powerful and versatile sensing platform. The sensor has a short settling time (<0.1ms) 
compared to most other hotwire sensors that take a few seconds until they can produce 
accurate readings.  By rapidly switching the sensor into different operating modes, 
capturing data, and post-processing with advanced algorithms, the single sensing 
element can collect information on multiple physical modalities almost in real time. This 
enables a fast, power efficient, and cost-effective smart sensing solution. Here is a look 
at some of the sensing modalities of the Instrumems’ Multisense flow sensor. 

Multi-Sense: A Game-
Changing Platform 
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Air and Gas Flow Sensor 

The sensor’s fast response time enables extremely fast gas flow and temperature 
measurements at 300 kHz and 1 kHz, respectively. Fast temperature compensation 
enables high accuracy of flow measurement over a large range of flow rates including 
flow rates as low as 0.1 L/min and up to 100 L/min at the high-end. The sensor also 
captures both laminar flow and turbulent flow, providing insight into the turbulence 
intensity and frequency-dependent variations. At a die size of 1.5mmX2mm, the 
Instrumems’ sensor is the smallest and fastest air and gas flow sensor available in the 
market.  
 

Liquid Flow and Bubble Detection Sensor 

Using the same principle of hot-wire anemometry, the MEMS sensor measures liquid 
flow and detects bubble in any tube, catheter, valve or a spray nozzle. The low thermal 
mass and high sensitivity of the sensor enables the accurate detection of fluid flow rates 
as low as 0.1 mL/min. Air bubbles as small as 0.5uL in volume can be reliably detected 
by the sensor along with fluid flow measurement. The sensor can also discriminate 
between the size of air bubbles in the fluid, enabling advanced measurements.  
 

Gas and Humidity Sensor 

Gas detection is performed by measuring the thermal conductivity measurement of the 
ambient gases. The amount of heat transferred from the sensor is directly correlated 
with the thermal conductivity of the gas. By calibrating the sensor for known 
environments, the concentration of a specific gas around the sensor can be detected. By 
the same principle, humidity, which is water vapor with a specific thermal conductivity, 
can also be measured in ambient air. 

The sensor can detect the concentration of a wide range of gases based on thermal 
conductivity readings with very fast response rates < 5ms.  When combined with 
advanced machine learning algorithms, the sensor can discriminate between different 
signatures in a gas mixture and provide relative concentrations.   

 

Multi-Sense: A Game 
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The industry and market needs continue to evolve driven by mega trends, and end user 
needs. Instrumems’ advanced sensing capabilities enable it to provide high-performance 
solutions for a broad range of applications across Industrial, Medical, Consumer and IoT 
markets. Here is a brief look at use cases in these end markets. 

 

 

 
Industrial 
The industrial sector has always been a major user of gas flow and gas detection sensors, 
due to the need to monitor and control industrial processes. With an increased focus on 
technologies that are Environmental, Social and Corporate Governance (ESG) friendly, 
gas flow, temperature, and gas detection sensors are increasingly critical in 
manufacturing and industrial process control, building management and other 
applications. Compressed gases are among the most expensive resources in a process 

Key Applications 
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control factory and accurate monitoring of gas delivery and leakage across various points 
in the factory is important to reduce wastage. Instrumem’s gas flow sensors have 
industry leading performance in a small form factor enabling the ease of wide 
deployment in a manufacturing facility. Gas detection requirements vary depending on 
the exact application and is based on specific safety and compliance requirements. 
Instrumems gas detection solution can detect gases such as refrigerants (R-32), 
hydrogen, and oxygen to name a few. 

 

Medical and Pharmaceutical 

Flow sensors are used in several medical devices that are in critical for patient care. 
These include inhalers, ventilators, and continuous positive airway pressure (CPAP) 
machines. Inhalers are commonly used for treating respiratory diseases such as asthma 
and chronic obstructive pulmonary disease (COPD). Using fast and accurate flow sensing 
in inhalers mitigates the effect of patient errors and delivers increased drug delivery 
efficacy. In addition to ad-hoc flow measurements, continuous airflow measurement on 
patients during intensive care unit (ICU) treatment or even sleep, in the case of CPAP 
machines, is important to assess the cardiorespiratory performance of the patient.  

There is a trend of remote patient monitoring (RPM) is increasing rapidly as the medical 
industry is looking for more ways to provide care for patients outside of the traditional 
hospital setting. Instrumems air flow sensors can be used to monitor respiration rate 
and oxygen levels in at-home devices or single use devices. For such devices, 
Instrumems' sensor is a safer, economical alternative to the reusable sensors that 
require sterilization while eliminating the risk of infection. 

The trend in the pharmaceuticals sector is toward personalized and targeted medicines, 
which requires a greater understanding of the role of DNA and proteins in the body, and 
the development of new drugs that can target specific genes or proteins. Microfluidics 
is playing an increasingly important role in these applications, as it allows for the precise 
control of fluid flow for experimental analysis, and the miniaturization devices. Flow 
sensors are essential for these applications, as they allow for the precise measurement  

Key Applications 
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of fluid flow and bubble detection. The extremely high sensitivity of the Instrumems 
nano-sensor makes it a natural fit for microfluidics, low-flow and micro-bubble 
applications. 
 

Consumer 

Many consumer devices and appliances use flow and temperature sensing. Common 
household appliances including vacuum cleaners, humidifiers or air purifiers use sensors 
to measure air velocity for continuous monitoring the system and alert users in case of 
any issues such as filter clogging.  

Accurate monitoring of body temperature using wearables can provide valuable health 
information for users and tracking of body temperature variation over a longer period 
can provide deep insights on changes in the user’s health. But accurate measurement of 
body temperature using wearables is a complicated problem as the effect of ambient 
temperature and the device’s internal temperature on the measurement needs to be 
calibrated out. Instrumem’s MEMS sensor can be used to accurately measure air flow 
based ambient temperature for such use cases. 

 

Smart Home & IoT 

Home and commercial buildings are becoming increasingly connected and smart. There 
are hundreds of sensors in a typical home measuring a wide range of parameters. 
Instrumems flow, temperature, humidity, and gas detection sensors have wide 
applicability in a Smart Home environment. Accurate monitoring of ambient parameters 
in real-time not only enhances energy efficiency of HVAC systems but also delivers 
optimum thermal comfort to occupants. The high sensitivity of Instrumems’ flow sensors 
combined with advanced machine learning algorithms enables their use in multiple 
Smart Home use cases such as fire and smoke detection, security, and HVAC system 
predictive maintenance. The gas detection capabilities of the Instrumems nanosensor 
also make it a good solution for detection of certain gases for indoor air quality 
monitoring. 
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Instrumems’ Multi-Sense platform aims to advance sensing capabilities and broaden 
adoption into multiple applications across a broad range of markets. Instrumems’ Multi-
Sense is the first-and-only platform to measure air and gas flow, liquid flow, bubble 
detection, and gas detection – by relying only on one single chip-scale sensor. This 
distinguished property makes it a platform of choice for instrumentation that requires 
precise measurement in power, space-constrained, and cost sensitive applications. 

Interested customers can use our gas flow or liquid flow evaluation kit to test the 
performance and evaluate the solution for their application needs. Please reach out to 
info@instrumems.com. 

 
About Instrumems 

Based in the heart of Silicon Valley, Instrumems is a venture-backed startup raising the 
bar in the flow sensor market with its award-winning MEMS-based Multi-Sense 
platform. The company has introduced innovative nanosensors to measure 
temperature, velocity, humidity, and more. Instrumems’ breakthrough sensing 
technology drives down the cost, power consumption, and size, enabling industrial and 
consumer product manufacturers to adopt a smart sensing solution in any device. 
Instrumems is an innovative spin-off of Princeton University research. For more 
information, visit www.instrumems.com      
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