CGENERAL CHARACTERI STI CS

... TGS #813 is a general purpose Sensor which has good sensitivity characteristics
to a wide range of gases.

... TGS 813 is designed to operate with a stabilized 5V heater supply and a
circuit voltage not exceeding 24V.

.. The nost suitable application for the TGS #813 is the detection of nethane,
propane and butane which makes it an excellent Sensor for donestic gas |eak
detectors.

. ..The initial stabilization tmeof the TGS 8813 is very short and the relative
and el apsed characteristics are very good over a long period of Operation.

... TGS #813 has a very low sensitivity to 'noise-gases’ which considerably
reduces the Problem of nuisance al arm ng.

The TGS 8813 is most practically enployed in a circuit design which maintains
circuit voltages at fixed values under 24V (Ex. 5,6,12, or 24V are suitable)
and with the heater voltage stabilized at 5V.

These voltage ratings are very practical when determ ning your design specifications
because of the wide range of available components. This makes the use of the

TGS #813 an especially econimcal way to design lowtost, highly reliable gas
detection circuits.

Because of its especially high sensitivity to nethane, propane and butane, the
TGS #813 is very practical for Town Gas and LPG nonitoring. Wth the added
features of a short-initial stabilization period and highly reliable el apsed
characteristics, the TGS #813 represents a new generation of gas Sensors from
Fi garo.



1. Structure and Configuration of the TGS #813

100-mesh SUS 316
stainless steel gauze (double)
Nobie metal wire
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FIG 2. TGS #813 DI AGCRAM OF THE ELECTRIC / 5,
Cl RCUI T. 5.
® Remarks: Dimensions in millimeter
Pins nunbered 1 and 3 are FIG 3. TGS #813 STRUCTURAL
connected internally. SPECI FI CATI ONS.

Pins nunbered 4 and 6 are
connected internally.

Figs.l & 3 show the structure and configuration of the TGS #813 Sensor.

The TGS #813 is a sintered bul k sem conductor conposed mainly of tio dioxide
(Sn02), The semiconductor material and electrodes are deposited on a ceramc
tubul ar fornmner.

The heater coil is |ocated inside the ceram c forner. This coil, made of 60
mcron diameter wire, has a resistance of 30Q.

The lead wires fromthe Sensor electrodes are a gold alloy of 80 mcron dianeter.
The heater and lead wires are spotwel ded to the Sensor pins which are arranged
to fit a 7 pin nminiature tube socket. The pins can withstand a w thdrawal

force in excess of 5Kg.

The Sensor base and cover are made of nylon 66 conforming to UL 94HB Aut hori zed
Material Standard. The deformation tenperature for this material is in excess
of 240°C.

The upper and | ower openings in the Sensor case are covered with a flaneproof
doubl e l[ayer of 100 nesh stainless steel gauze conformng to SUS 316. | nde-

pendent tests confirm that this mesh will prevent a spark produced inside the
fl ameproof cover fromigniting an explosive 2 : 1 mxture of hydrogen/oxygen.

The type 8813 Sensor meets the mechanical requirenents listed in Table 1
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2. Basic Measuring Circuit

TGS

i

VAL

Ru
VA

Trastormer
Output Signal

Source Vollage

VH
Ve

Vc : CircuitVoltage
VH: Heater Voltage
Ri: Load Resistance

FIG. 4. BASIC MEASURING CIRCUIT WITH TGS SENSOR.

Fig.4 shows the basic test circuit for use with sensor type #813. The Variation in
resistance of the TGS sensor is measured indirectly as a change in voltage appear-
ing across the load resistor RL. In fresh air the current passing through the
sensor and RL in series is steady, but when a conbustible gas such as propane,

met haoe etc. comes in contact with the sensor surface, the sensor resistance
decreases in accordance with the gas concentration present. Ihe voltage change
across RL is the same when VC and VH are supplied from AC or DC sources. 1he
circuit nust conform to the values listed in Table I .

We feel that this circuit is nost suitable for evaluating the TGS #813 per-
formance because of the ease in measuring the output signal. However, when
nmeasuring the output signal (VRL) of this circuit we suggest that you convert
this value into RS (Sensor resistance) by nmeans of the follow ng formula:

Ve X RL
Rg = ——— - RL
VRL

Zn this way, the other data in this brochure will be readily available for your
use and your test results will be standardized in-line with other engioeering
data avail abl e from FIGARO concerning TGS #813 Performance.



3. Grcuit Configurations

Table O lists the safe operating area for type R813 Sensor. The values of
V¢, Vg and PS cannot be exceeded. Subject to a maxi mum sensor di ssipation
of 15 mW, the values of VC and Ry can be chosen to neet design requiremnents.
In practice VC can be 5,6,12 or 24 volts, and be supplied from a hattery or

A. C. Source.

When using the basic circuit PS (Sensor power dissipation) becomes maximum
when RS = Ry,. We strongly recommend that the value of PS be kept under 15
mW. Therefore you nust carefully decide VC and R val ues so that the maxinmm
PS value will not be exceeded.

TABLE 11 AREA OF SAFE OPERATION

4@ SENSOR POWER DISSIPATION (Ps) Max. 15mw
€ CIRCUIT VOLTAGE (Vc) Max. 24V
4@ HEATER VOLTAGE (VH) 5.0vV£0.2v




4. STANDARD TEST CONDI TIONS AND SENSOR SPECI FI CATI ONS

Table I Standard Test Conditions

1. Atnospheric Condition
Fresh air with 20°C £ 2°C and R H.
65% + 5%
2. CGircuit Condition:
Basic measuring circuit
Ve: 10V + 0.1V, Vg : 5.00V + 0.05V, RL :4.0K - OHM + 1%
3. Conditioning Tine:
7 days or nore
4. Test Gas:

Met hane Gas

The Standard conditions under which the TGS #813 should be tested are illus-
trated in Table @I. W nust stress the importance of adhering to t hese con-
ditions for several reasons. For example, if the sensor is tested or eval uated
in very hunmid or dirty air, or if the heater voltage value is not maintained
precisely, then proper evaluation of actual sensor characteristics can not be
achieved and the accuracy that you require in your detectors Will not occur.

We al so suggest that you follow these guidelines in order that the data you

receive from your testing will be in-line with the engineering data available
from Fl GARO

TABLE T@ SENSCOR PERFORMANCE

HEATER RESISTANCE (RH) | 30Q3Q

SENSOR RESISTANCE (Rs) 5~15KQ
in Methane 1 000ppm/air

RATIO OF RESISTANCE Rs in Methane 3000ppm/air
Rs in Methane 1000ppm/air
= 0.6020.05
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5. SENSITIVITY CHARACTERI STI CS
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FIG. 5. RATIO OF RESISTANCE [R/Ho] VS.
CONCENTRATION FOR £813.
® Remarks: Ra: Sensor resistance in air containing
1000ppm of Methane.
R: Sensor resistance at different
concentrations of gases.

Fi g. 5 shows the changing resistance values of the type #813.sensor in relation
to various types and concentrations of gases. This graph is fixed at 1000 ppm
of methane. so once the Ro value is found out by the user it is a sinple
process to determine the resistance for other concentrations of gas.

Remenmber that R/Ro represents the ratio of resistance to the Rs at 1000 ppm
met hane and not an actual resistance value. Therefore, the R/Ro value for
100G ppm nmet hane, according to Fig.5, is 1.

The actual resistance value for a particular gas concentration can be
cal cul ated as foll ows:

For instance, if the resistance of the sensor at 1000 ppm met hane is found
outto be 7k in your neasurenent and you want to find the Rs for 4000 opm of
hydrogen of which R/Ro is 0.3 in Fig.5, sinply multiply 7RQ by 0.3 to result
in 2.1KQ

The inportant thing to remenber is that the resistance of the sensor at 1000 ppm
of methane nust be determined by the user before this graph will be of anyuse
for the determination of actual resistance val ues.

Li kewi se, this chart can be used to determ ne the various alarm points for
different types and concentrations of gases. Again, if the alarm point for
methane is set at a concentration of 1000 ppm the related alarm point for
propane will be at 700 ppm isobutane at 600ppm and ethanol at 1500 Ppm.

However, it should be noted that the relative sensitivity to various gases
based on nethane differs to sone extent from one sensor to another.

(7)



6.

DEPENDENGY ON HEATER VOLTAGE

Fig. 6 shows the effect of VH fluctuation on the TGS #813's sensitivity.
This value is based on the R/Ro val ue for nethane at 1000 ppm
with an illustrated + 4% Variation of heater voltage.

You should note the general principle that if the heater voltage varies
both the resistance andconsequentl|ythe alram point for the various
gases Wi || change accordingly. Thus, we recommend that your heater

voltage be stabilized with a ess than + 1% Vari ati on.

10

Air

| Carbon moncxide
1000ppm/air

g i Methane 1000ppmy/air
Isobutane 000ppm’air
—t Hydragen 1000ppm/air

0.1 [

Vi (V)

FiG. 8. EFFECT OF THE FLUCTUATIONS OF HEATER
VOLTAGE ON %813 RATIO or RESISTANCE (RIRQ:.
@ Rsnurk8: Ro: Sensor resistancen aircontaining
1000ppm of Methane at SV (VR).
R. Sensor resistance in a¥ containing various
" gasesiat different heater voltages.
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7. TEMPERATURE AND HUM DI TY

The sensitivity characteristics of the TGS #3813 sensor are altered by
changes in atnospheric tenperature and humidity. The detection principle
of the TGS is based on Chemi cal adsorption and desorption of gases on the
sensor surface. Because these reactions are tenperature dependent and
wat er vapour can be considered a gas, the effects of tenperature and

hunmi dity changes cannot be elininated fromthe Sensor. These effects

can however be reduced by circuit design as described in section 11.

Figs. 7-9 show t het enperature and/or hum dity dependency of the type

#813 sensor.
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FI G 7 TGS #813 DEPENDENCY ON TEMPERATURE AND HUMIDITY

Test condition:
Vc 10v AA.C. / VH 5.0V A C / Ry 4KQ

Remarks: Ro:Sensor resistance in air containing
1000ppm of Met hane gas at 20°C and
65% R H.
R Sensor resistance in air containing
1000ppm of Methane gas at different
tenperature and humdity
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Fig.8 TGS #813. TEMPERATURE DEPENDENCE | N Al R CONTAI NI NG VARI ED
CONCENTRATI ONS METHANE. »

Test condition: Vc 10V AC. / VH 5.0V A C. / RL 4KQ

At nospheric condition: Tenperature is changed at a fixed
hum dity of 0.2g H,O/kg Air or 1less.

Measuring procedure: At respective tenperature,wait for
Qutputs in air to stabilize and neasure
Qutputs in gas. Follow ng each change of
tenperature allow 2+3 hours for sensors
to stabilize at the new test conditions.

The data shown is the average rati o of ten sensors resistance
at test tenperatures relative to sensor resistance at 20°C,
measured at 1000, 2000 and 3000ppm of methane.
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]
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Fig.9 TGS #813 HUMIDITY DEPENDENCE IN Al R CONTAI NI NG VARIED
CONCENTRATI ONS METHANE.

Test condition: Vc 10V A C. / VH 5.0V A C. / Ry 4KQ

At nospheric condition: Humidity is changed at a fixed temperature

of 40°C.
Measuring procedure: Atrespective hum dity conditions, wait

for Qutputs in air to stabilize and neasure
Qutputs in gas. Follow ng each changed of
hum dity allow 2~3 hours for sensors to
stabilize at the new test conditions.

The data shown is the average ratio of five Sensors resistance at

various humdity levels relative to sensor resistance at 0% R H.
measured at 1000, 2000 and 3000ppm of mnethane.
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8. TIME FOR I NI TI AL STABI LI ZATI ON

A TGS sensor which has been stored unenergized for a long period takes

some tine to reach its normal operating condition following switch on.
This “"Initial Action" characteristic in fresh air is shown in Fig.10.

From the noment of switch on the sensor's conductivity first rises rapidly
and then falls towards its final stable value. The time taken to stabilize

i's a function of the sensor's storage time and atmosphere. !N general, the
longer the storage time the longer the initial action time. N the case of
sensor type #813, the initial action tine reaches its maximum value after

about 20 days storage. In nornmal applications the initial action timew ||

be less than 2 m nutes.

It is inportant to note that if the semsor IS Placed in the air containing
gas immediately after the "Initial Action", then the Rs value will appear
according to the characteristics described in the next section.

100 ‘
/,
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S
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»
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o.1 0 1 ? 3 4 5

Time (min }

FIG. 10. INITIAL ACTION OF TGS 2813 STORED FOR
3 weeksWITHOUT CURRENT-INPUT.
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TI ME DEPENDENCY CHARACTERI STI CS

Fig.11l shows a typical pattern for a TGS #813 sensor which has been stored
unenergi zed for a long period of time. This graph shows sensor resistance
at a constant gas concentrati on.

When the sensor is energized after a long Storage period it takes approx-
imately 1-10 days for the sensor to reach a stable resistance |evel.

Pl ease note, that the actual transitional tinme necessary to reach stability
is dependent on the ampunt of time the sensor has been stored and the

at onmospheric conditions under which it has been stored.

Tabl e II suggested that the sensor be conditioned for at |east 7 days prior
to testing and evaluation. This period is necessary because of the phenomenon
illustrated in Fig.1l.

Caution at Calibration Tine

«

Regar di ngt heabove characteristics Of the sensor, we strongly recommend that
you wait until the semsor has reached a stable output |evel before you
calibrate. Failure to do so nmay result in non-standard sensor perfromance.

® Initial and transitional period atter switch on.
@ Stabilized period of energited output level.

1.G---

R/Ro

2. §
1 hour after ~1Odaysafter
restoration of restoration of
current input current input

Time

FIG.11. TYPICAL PATTERN OF TGS $813 SENSITIVITY

CHANGE WITH TIME.
@ Remarks: Ro: Sensor resistance at stabilized level.
R. Sensor resistance during stabilization.
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10. SENSCR LI FE

The data in Fig. 12 shows fluctuations.in sensitivity with tine based over

a 9 year period using sone of the TGS sensors originally produced. Current
TGS sensors have been considerably inproved since then but retain the

same tine dependency characteristics as the early O odels. Fig.12 shows
simlar data on long term Qperation, but is specifically related to TGS #813
Performance. It should be noted that since the TGS #813 is a relatively new
product, the graph covers only a three year period of testing.

In both cases these nmeasurenents were made in natural air.rather than in
a tenperature/hum dity controlled environnent. The cyclic change in sensi-

tivity corresponds to the seasonal changes in Japan with the peak sensitivity
occurring in July.

Al though the data related to #813 Perfornmance covers only a three year period,

we have found based on our extensive |aboratory testings and past experience
with mllions of semnsors, that the TGS sensors have a |ong-term effectiveness
for at |east 8-10 years

(14)
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Fig.12 LONG TERM OPERATI ON

Sanmpl e: TGS #15S
Test'condition: Vc 100V A.C. / Vg 1.0V A C. / Ry 4KQ
Test gas: |sobutane 1000ppm/air

R/Q0

-P\..
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I Years

Fig.13 LONG TERM OPERATI ON

Sanpl e: TGS #813 (100 pieces)
Test condition: Ve 10V A C. / Vg 5.0V A C. / Ry, 4KQ
Test gas: Methane 1000ppm/air

Remar ks: —o-— Average
------ +30 (3 singna)
Ro: 1st Resistance Measurement After Stabilization
R: Subsequent Resistance Measurement
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11. PRACTICAL DETECTOR CIRCU T USING THE #813 SENSOR

As was nentioned above the TGS #813 is suitable for use in the detection of
a wide range of gases such as naturalgas, L.P.G and town gas. When you
design a circuit enploying the TGS #813 you nust consider both the type and
concentration of gas you wi sh to detect.

Because of its sensitivity characteristics, the action of the sensor wll
vary according to the type and concentration of gas it is detecting.
Furthernore, the proper alarm point for the detector should be determ ned
after considering the follow ng factors.

a. Were the sensor is to be installed

b. Purpose of detector (gas |eak, automatic fan control, air nonitoring, etc.)
c. Operation of detector (sound, light, fan control, valve control, etc.)

d. Type of gas being detected or nonitored.

When setting the actual al arm point, we recommend that you calibrate the
detector for 5-10 % of the L.E L. of the gas being detected.

This figure was decided to meet the requirements for high sensitivity while
at the same time reducing the problem of nuisance alarming. This is an
extremely i mportant consideration for domestic gas-| eak detectors because

of the presence of 'noise gases' in the home environment such as those result-
ing from hair-spray, alcohol funes or cooking funes.

EXAMPLE CIRCUI T g

Fig. 14 is an exanple of a sinple and econonmic circuit for a domestic gas
| eak detectors. It is designed primarily for the detection of approxi-
mately 3000 ppm of nethane (natural gas).

The constant 5V output of voltage regulator I, is available for the heater
of the sensor and the detecting circuit. The detecting circuit consists
of the TGS #813, R,, and Rppy i N series.

Vgr, output, which is the output voltage across resistors Ri. and Rapj,
enters the non-inverting input of the comparator.

Vi, which is the reference voltage for the comparator, i S measured across
R.. This component is part of the Tenperature Conpensating Circuit which
al so consists of Rz, Rs AND Rt (thermistor). The Vr value in this circuit
is designed for 2.5V at 20°C.

Once you calibrate the detector at 3000 ppm by adjusting Rpapj (under the
conditions 20°C at 65% R H ) you can get an approximate 2.5V(Vgy) in a
concentration of 3000 ppm net hane.

When a conbustible gas such as natural gas contacts the sensor and the
output of the detection circuit (Vgy) exceeds the Vr, the output of the
comparator will go to 'High'. TR, is then activated and the buzzer is
sounded.

(16)




TEMPERATURE AND HUM DI TY COVPENSATI ON METHCD

As was previously nentioned, Sensor resistance (Rs) is dependent upon the

anbi ent tenperature and humidity. Accordingly, this phenomenon will result

in a fluctuation of the alarming Point. Possible variations in the effects
of tenperature and hum dity changes are illustrated in TableV.

This Variation in Sensor Performance, however, is primarily related to the
measure of Absolute Humidity in the detecting area. It is therefore rec-
ommended that you deternine the mean or average tenperature and humidity
val ues in your projected detector sales or distribution area, to be able to
conpensate for seasonal variations in the alarmng Point. The most effi-
cient and econom cal way we have found to achieve this conpensation is to
carefully control the tenperature dependency of the circuit. This Point is
di scussed bel ow.

Table Villustrates possible variations in alarmng Points in both conmpen-
sated and non-conpensated circuits. Another way of interpreting these varia-
tions is to say that if R/Ro = 1 at 20°C (65% R H.) then at -10°C (65%
RH) R/Rois 1.6 and at 35°C (65% R H) is 0.9. The actual VgL can. be
expressed as: 2.5 V at 20°C, 1.9V at-10°C and 2.6 V at 35°C.

To conpensate for these variations in tenperature and humi dity we suggest
using a negative characteristic thermistor (Rt). In this exanple circuit,
the Vr is automatically adjusted as a result of tenperature changes. As
was mentioned, Rt is set at 2.5V for 20°C in this circuit. At -10°C wr
W ll self-adjust to 2.1V, while at 35°C it will go to 2.7V.

The difference between Vg, and Vr is detected by the follow ng Conparator I..
. Therefore you can get rid of the seasonal Variation of alarm ng points
which are caused by tenperature and humdity fluctuations by adjusting Vr.

Wth the application of a tenperature compensation circuit you will be able
to control the alarmng points as illustrated in Table V.

The tenperature coefficient of the thermstor is |arger than that of the
sensor, therefore we have to adjust the coefficient of the therm stor by
adjusting Rz and Rs.

A final inportant consideration is the actual place where the thermistor is
placed in the circuit. You should not install it near heat dissipating
conponents such as the transforner or the Sensor. Also it should not be
installed in a position where it is likely to receive a strong w nd, as
this will also effect the tenperature characteristics of the Sensor.

(17)
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Note 1 -

Note 2 -

Note 3 -

USING TGS #813 SENSOR
Cs 470u 25WV
Cs 0.1lu 25WV
Rt : Thermister Ql4
ERT-D3FHL402S
0s” .
Teos 1 HevRlter + % b, TN UAUE
2V 5V+0. 2V TGS#813 74 1
I = +—t EC G) ?181885
V=V, -
Hi )
‘3 gé - Buzzer (12VDC)
v = - i~ 23\‘, KOBISHI CLB-23B
DIODE BRIDGE = Lo S or star MFG.SDB-
1B4B1 3 @\ O 2 g 12TS
N (o0 A \ NSRS approx. 100mA
: : )
— 17 |1
+c, Cs RigIK| AT T3V | F Tr,
K - VRL + — T 25C2002
0.1u 50Q + R
25W {(Myled) 2 3 Vr% “ 330 K
<
=
W ident “ru
I, : pA7805 or equivalent, 3 trerminal voltage regulator 5V + 0.2V 1A
I, : LM-311 or equivalent, voltage comparator

All resistors are of 1/4W

It is necessary to use a heat sink of 50(mm) x 50(mm) x 1(mm)

thick (aluminum plate) for voltage regrlator I,.

In the case of using buzzer SDB-12TS, C., Cs, Ce, D: are mnot

necessary because of the low noise

of the buzzer.




Table V CHANGES | N ALARM PO NT RESULTI NG FROM TEMPERATURE FLUCTUATI ONS AT FI XED

HUM DI TY
Measuring Condition Gas Concentration at Al arn(Methane/Air: ppnm
Tenperature Humi dity Circuit Conpensated for Circuit Not Conpensated

(°c) (% RH) Tenper at ure for Tenperature

* 20 65 3000 3000

-10 65 2950 5200

5 . 65 3100 1800

35 65 2600 1400

* Original alarmcalibration conditions
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