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APPLICATION NOTES

For BREATH ALCOHOL TESTERS using TGS 2620

This document provides technical information and useful tips to help application engineers to properly develop and manufacture breath alcohol detection equipment using Figaro gas sensor TGS 2620.

1. Application circuit

1.1 Basic circuit requirements

For basic electrical requirements and sensor characteristics data of the TGS 2620 sensor, please refer to the technical information of TGS 2620, page 3.

The supply voltage to the heater of TGS 2620 is 5V DC.

The circuit voltage may be determined apart from the heater voltage depending on power supply voltage.

1.2 Heat cleaning

The first warming up time required after a long storage period is approximately 2 min. after powering on. (See Fig. 12 on page 7 of TGS2620 technical information.)  It becomes shorter when repeatedly powered on after short intervals.  The warming up time can be shortened by usage of a heat-cleaning circuit. 

Conditions for a heat cleaning circuit for TGS 2620:

1) Heater voltage(VH) at 5.5V for 15 sec. to clean the sensor element

2) Heater voltage(VH) at 5.0V for an additional 15 sec. for stabilization

3) After the 30 second heat cleaning process above, the sensor will be ready for measurement with 5.0V for VH.

1.3 LED Indication

Figure 1 shows an example of a circuit diagram for three level LED indication of alcohol concentration.  With the circuit values as listed beside Fig. 1, the LED will go on as the sensor output changes according to the following table:
LED Indication    Breath Alcohol Concentration    Sensor output voltage VRL

--------------------------------------------------------------------------------------------------------------

Yellow (Y)            0.1mg/ L                 1.95V < VRL < 2.50V
Orange (O)          0.3mg/ L                 2.50V < VRL < 3.05V
Red (R)               0.5mg/ L                 3.05V < VRL 
--------------------------------------------------------------------------------------------------------------

It is recommended to add a circuit to prevent LED chattering (not included in the example circuit).
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Fig.1  Circuit example for three level indication of alcohol concentration
Figure 2 shows the relationship between alcohol concentration and the sensor output of 

TGS 2620, when the VRL value in the application circuit is adjusted to 2.5V at 0.2mg/ L BAC.
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Fig.2  Relationship between BAC and Sensor output of TGS 2620

2. Mechanical design

The mechanical design of a breath sampling system plays an important role in measurement accuracy for breath alcohol concentration.

2.1 Natural diffusion
In case of alcohol testers without a mouthpiece, a test subject simply blows toward the sensor part of the alcohol tester at an approximate distance of several centimeters.  If the gas inlet is missed, erroneous measurements may occur.  Strength of blowing cannot be controlled without a mouthpiece.

2.2 Mouthpiece

In general, alcohol testers with removable mouthpieces can perform with better repeatability compared to those without a mouthpiece due to controlled gas sampling.  A mouthpiece must be properly designed to achieve the following functions:
a) Ensure a deep enough breath to take a breath sample from the lungs, not from the mouth.

b) Reduce sampling air flow before reaching the gas sensor, since excessive air flow toward the sensor may lower its working temperature, causing variation in sensitivity.

c) Trap excessive moisture in the breath sample.

2.3 Sampling air outlet

The enclosure of an alcohol tester should have a proper air path, through which sampling air exits the enclosure after reaching the gas sensor.  Any residual gas trapped inside the enclosure may cause zero drift.

3. Calibration

The resistance value varies from sensor to sensor in a range as described in the specifications.  See 1-6 on page 3 of the technical information for TGS2620.  Calibration is a necessary part of the manufacturing process for alcohol testers in order to adjust the electronics to the individual gas sensor by exposure to calibration gas.

In general, ambient temperature and humidity affect the resistance of semiconductor gas sensors.  An electronic compensation circuit is not required for breath alcohol detection since sampling air from human breath is normally done under a constant temperature and humidity around 34˚C/100 %RH.  For the best measuring results, it is important to calibrate the electronics using calibration gas containing alcohol vapor in temperature and humidity conditions similar to human breath (hereinafter referred to as standard alcohol vapor).  For generating standard alcohol vapor with controlled temperature and humidity, a breath alcohol simulator is strongly recommended. (See section 5.)

Note:  The specifications and all other data shown in the technical information of TGS 2620 are based on data measured at 20˚C, 65%RH, which is different from the suggested conditions of standard alcohol vapor to be used for calibration and verification tests of breath alcohol testers.
3.1 Conditioning before calibration
Provide power to the sensor/electronics in clean air (free of alcohol and other contaminant gases) at normal temperature and humidity, typically  20˚C, 65 %RH, for 30 to 60 minutes in case of battery operated portable units. Avoid energizing the sensor for long periods exceeding 60 minutes as it would be far different from actual operating conditions of battery powered units.
3.2 Calibration in alcohol gas

Apply standard alcohol vapor of a predetermined concentration, for example 0.2mg/L, to the alcohol sensor and calibrate the sensor output as quickly as possible, taking into consideration the actual breath sampling time (typically 3 to 5 seconds).  

It is often the case that adjusting of the electronics requires longer time than 5 seconds.  If actual calibration can be done within 20 seconds as a manufacturing standard, for instance, correlation data should be gathered between the sensor’s response at 5 seconds and at 20 seconds.  Then determine the appropriate calibration set point considering the difference in the sensor’s response at 5 sec. and 20 sec.

3.3 Final test

(1) Power on the unit in natural air (free of alcohol) in normal room conditions.

(2) Energize the unit for 2 to 3 minutes. 

(3) Verify operation and indicators by applying standard alcohol vapor.

4. BAC Conversion table

Many medical studies have been done by researchers relating to blood alcohol concentrations and alcohol concentrations in breath, and it was found that there is a statistical correlation between blood alcohol concentrations and breath samples taken from the deep lung.  According to such reports, the alcohol concentration in 1 ml of blood is equivalent to the alcohol concentration in approximately 2000ml of breath.

	In Breath
	In Blood

	mg / litter
	ppm
	mg / 100ml
	per mil (mg / ml )
	%

	0.05
	26
	10
	0.1
	0.01

	0.10
	52
	20
	0.2
	0.02

	0.20
	104
	40
	0.4
	0.04

	0.25
	130
	50
	0.5
	0.05

	0.30
	156
	60
	0.6
	0.06

	0.40
	208
	80
	0.8
	0.08

	0.50
	260
	100
	1.0
	0.10

	0.60
	312
	120
	1.2
	0.12

	0.70
	364
	140
	1.4
	0.14

	0.80
	416
	160
	1.6
	0.16

	0.90
	468
	180
	1.8
	0.18

	1.00
	520
	200
	2.0
	0.20


5. Breath simulator

A breath simulator is used to generate standard alcohol vapor of 34˚C/100 %RH, which is similar to the condition of human breath.  Prepare a sufficient amount of alcohol solution in a sealed container, controlling the temperature of the alcohol solution at around 34˚C.  The saturated alcohol vapor inside the container above the solution surface will be at 100 %R.H.  Alcohol vapor concentration is determined by the concentration of alcohol solution.  Saturated alcohol vapor can be taken out from the container by supplying air into the solution with sufficient pressure.

For more details of a breath alcohol simulator available in the market, please refer to the following web site:

http://www.draeger-breathalyzer.com/products/product-mk2.htm
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Gas sensor= TGS 2620


R1= 750 ohm


R2= 100 kohm


R3= 2 kohm+/-1%


R6= 1.91 kohm+/-1%


R7= 510 ohm


R8= 390 ohm


R9= 390 ohm


VR1= 20 kohm


C1= 10 microF
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