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The functional dependence of the overheated resistor from environmental parameters – such as temperature, pressure, gas or fluid flow, optical power is the essential physical principle of developments. The unified sensitive element includes nickel resistors assembly located on a thin-film dielectric membrane. The membrane is made by back-side etching of a monocrystaline silicon wafer. Thermal parameters of the membrane' materials, its geometry and location on a substrate provide high thermal isolation of a sensitive element from the substrate and reliable thermal contact with ambient gas or liquid. MicroElectroMechanical Systems ( MEMS ) technology is used for the sensitive elements' fabrication. It includes standard operations of a microelectronic manufacture and micromechanical engineering for all types of sensors. The analog circuitry (sensor signal processing circuitry) is individual for each type of a gauge and includes the supply circuit and measuring amplifier.

Fields of application
► Temperature measurement

► Absolute gas pressure measurement, vacuum measurement ( Pirani type )

► Volume flow of gas and liquid measurement

► Gas analysis

► Pressure variation velocity measurement

► Optical power measurement ( bolometer )

Features
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► Sensors production technology and using materials fully compatible with       microelectronics CMOS technology 

► Unified conversion principle (stationary 

     and non-stationary heat exchange)      

► No moving parts 

► Fast response

► High reliability 

► Low consumption power

► Low cost

Basic characteristics of the sensitive element

►Thickness of the membrane 





0,15 μm

► Sizes of the membrane






1x2 mm 2 
► Mass of the resistor 






10 -10 kg

► Thermal resistance of the channel 

    "sensitive element - substrate "





10 -5 W/K

► Self-heating factor in still air at pressure 10 5 Pa


10 4 K/W

► Heating time in still air at pressure 10 5 Pa



0,004 sec

Operating principles

Metal thermometer

The temperature functional dependence of Ni thin-film resistor corresponds to the expression:

R = R0 ( 1 + a T + b T2  ),

where R0 – resistance at 00 C, a = 4.896 ·10-3 K-1 , b = 3.646 ·10-10 K-2 
The self-heating time in still air at pressure 105 Pa τ =0.004 sec.

Absolute gas pressure sensor

The operation of the sensor is based on inertial properties of a overheated structure including the membrane and an surruonding gas in conditions of non-stationary heat-exchange. An a.c. bridge technique is used in wich modulated power is dissipated on the membrane and the overheating temperature amplitude relative to the matching thermoresistor is detected. The sensor has not any moving parts. The silicon chip measuring 3mm x 3mm is mounted in a standard TO-8 type metal housing. Two 0.4mm thick metal strips placed between the chip and the package bottom prevent air-tight contact and allow free gas flow under the membrane.

Gas flowmeter, differential pressure sensor

The sensor operates with respect to the theory of heat transfer. Gas flow directed across a micromachined membrane produces a shift in the temperature profile of the membrane. Dual sensing element positioned on either side of a central heating elements allows for bi-directional flow measurements. The temperature difference between the sensing elements is transformed into a voltage signal which is in direct relation from a gas flow.

Vacuum gauge (Pirani type)

A working principle of the Pirani vacuum gauge bases on a hot membrane heat losses dependence from a gas density. Our structure provides both low thermal losses through the membrane to the substrate and a large active area for a gaseous heat conduction. A new method of ambient-temperature compensation is proposed.

Gas pressure variation velocity sensor

The operation of the sensor is based on inertial properties of a overheated structure including the membrane and an overheated gas in conditions of non-stationary heat-exchange. An d. c. bridge technique is used in wich incoming power is dissipated on the membrane and the overheating temperature relative to the gas pressure variation is detected. The sensor has not any moving parts.
Bolometer

The detector is the resistance Ni thin-film bolometer, an absorbed radiation raises the temperature of the detector in wich, thereby causing the electrical resistance to change. This change is observed by virtue of the variation in an electrical bias current or voltage applied to the detector.

APPROBATION

· The gas flow velocity sensor is used in the spirometer (for external breath function analysis). The device has the licence of Ukrainian Health Protection Ministry on using in medical practice. It has been successfully tested in American Thoracal Society (Solt-Lake-City, USA). 
· The temperature, density and gas flow velocity sensors was been used in the International program “Mars - 94 – 96”.
PATENT PURITY 

The sensors design and manufacturing methods are protected by the patents:

Patents of Russia :  
№ 2085874 at 24.09.92,  № 2086922 at 02.06.94,   № 2086987 at 02.06.94, 

№ 2104507 at 05.10.95,  № 2005300 at 10.10.94

Patent of Ukraine:  
№ 19035 at 25.12.97

Specifications

	
	MEASURE-MENT RANGE


	METERING ERROR
	DIMENTION OF CRYSTAL AND HOUSING


	PRINCIPLE OF CONVER-SION

	METAL THERMOMETER


	-100 °C -- 

+ 200 °C
	ACCURACY RATING B
	0.5x0.5x0.5 mm 2
	THERMO-RESISTANCE

	ABSOLUTE GAS PRESSURE SENSOR


	10 4 Pa -- 2 · 10 5 Pa
	± 0.5 %
	3x3x0.5 mm 3 
Housing type TO-5
	THERMAL CONDUCTI-VITY

	GAS FLOWMETER


	10 -7 l/s -- 

10 -2 l/s
	± 3 %
	3x3x0.5 mm 3 
Housing 1103.12-01


	HEAT-LOSS ANEMO-METER

	VACUUMMETER ( PIRANI TYPE )


	10 -2 Pa -- 

10 4 Pa
	± 10 %
	3x3x0.5 mm 3 
Housing type TO-5
	THERMAL CONDUCTI-VITY

	DIFFERENTIAL PRESSURE SENSOR
	4·10 -3 Pa --1,5·10 -3 Pa
	± 3 %
	3x3x0.5 mm 3 
Housing 1103.12-01
	THERMO-RESISTANCE

	GAS PRESSURE VARIATION VELOCITY SENSOR


	102 Pa/s -106 Pa/s

1 -- 500 Hz
	Threshold of sensitivity 

35 Pa / sec
	3 x 3 x 0.5 mm 3 
Housing type TO-5
	THERMAL CONDUCTIVITY

	BOLOMETER


	Sensitivity 

200 V/W


	Thresold of sensitivity

2.4·0-8 Wt/Hz1/2 
	3x3x0.5 mm 3 
Housing type TO-5
	THERMO-RESISTANCE
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