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Lecture — 37
Air quality: System design - part 1

So, let us move on now further and try and look up the way one can wire up a N O 2
sensor, N O 2 and C O oxidation reduction right, N O 2 O 2. In fact, it is a cross sensitive
to so many gases. In fact, I will show you one data sheet where you can measure other
hydrocarbons as well. So, mainly N O 2 and C O, but we can concentrate for the
moment, just keep it simple, you are interested only in N O 2 measurement and just let us
concentrate on that part. How do you tune when you buy the sensor, what are the key
documents that you have to look up so that you can tune the sensor. That is the key

question that I wanted you to get exposed to.
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This application note descnbes the use of the MICS sensors LO&D RES'STANCE DEFINITIUN

and the way to set-up the load resistance for measurements A resislor R_serial is used to build a voltage divider with the

heater resistance (Rheater). The two resistors in series are
powered with 5V. The simplest way lo measure sensor
risistance changes is 1o add a load resislor 1o Rsensor and
to measure the voltage drop in this resistor when the bridge |
(Rsenser + Rioad) is operated between lypically 5V and
GHD.

So, let us go to this SGX sensor tech right.
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This application note descnibes the use of the MICS sensors. LOAD RESISTANCE DEFINITION

and the way o set-up the load resistance for measurements A resistor R_serial is used to build a voltage divider with the

healer resistance (Rheater), The two resistons in senes are
powered with 5. The simplest way lo measure sensor
risislance changes is 1o add a load resislor lo Rsensor and
o meagure the voltage drop in this resisior when the bridge
(Rsensor + Rioad) is operated between typically 5V and
GND.

- The sensing oulput (Vo) is then measured with an analog
J;l(-:l;‘_-:-ﬁ?; sansor ’é”rfﬁ?: output indicafor (voltmeler), an AD conwerer or a
sl e Pacie microcontrofler for example.To perform reliable and long
term stable measuwrements it 5 necessary 10 hmil the
OPERATION PRINCIPLE amount of current passing through e eewn}:; layer, This is
the reason why it is proposed to use a-two resistors load
MICS gas sensors need a defined vortage (Vi) 1o potwer the circult whede a first load ressslor of 820 Ohms (R_820) is in
heater resistance sere with 8 500kOhms potentiomeler (R_pat). R_820 s the
minimum value to limit sensor current
The output svgnal (Vi) is wsually read between the sensitive
layer resistance RS and a load resistor. To obtain the best LOAD RESISTANCE ADJUSTMENT
readings it is advised to follow some basic design nues
presented here Operate the sensor and monitor output in ambient air (no
target gas present in karge amount) for ond hou

I have expanded it to some good percentage. So, you will see that you will get it in two

form factors, you will get it in this form factor. Let me show it with this.

So, it will give it with this form factor as well as in this form factor. And please note that
all efforts in say semiconductor sensors is trying to get to that value of what is the change
from the base right, change in what change in resistance from the base. So, R S by R
naught, R naught is the value that you have derived under normal circumstances in clean
air condition you got a value in the absence of N O 2 0, nothing no value of N O 2 there,

you got a value of R naught.

And after, that you measured the change in resistance and that change in resistance
essentially is actually increasing in resistance and that u is a proportional to the p p m or
ppb. Ifitis N O 2, it should not even exceed if you ppb right should be some 20, 30, 40
ppb or so. So, that is the range in which you want to make a very very accurate

measurement.

So, that change in resistance is what you are looking for. So, in other words, here is a
representative circuit. Do not ever think that if you get a representative circuit that just
rigging up a representative circuit is going to take you very far. I do not think that will
happen. If you are serious of working on N O 2 using mix sensor, it is good for you to

buy an evaluation board which is are given out by sensor tech.



They would have adjusted, they would have parameterised, they would have calibrated
and perhaps given you something that you can measure off the shelf directly. Therefore,
any effort in the direction of making your own air quality sensors board means, buy one
that is pre calibrated, buy one that you want to make and put them together, co locate
them and calibrate the one, that you want to calibrate that you do not know you want to
calibrate with respect to a known reference sensor which gives out some value of N O 2

or whatever.

So, this has been my effort in the lab as well because we have not gone yet into any place
where you would have a climate chamber, you would control the humidity, you would
control the temperature right and so, T P H, I mentioned this temperature, pressure,
humidity and effect of the baseline shift because of this is well discussed now. So, we did
not go we that is a, it is an expensive affair for you to go and set up all that just for

making one simple measurement.

So, we strongly recommend by a standard board and start working with it and ensure that
when they give you the standard board, it is already pre calibrated right. They would
have given you a calibration graph and you can actually write your code and monitoring

and all that using that standard stuff.
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layer resistance RS and a load resistor. To obtain the best LOAD RESISTANCE ADJUSTMENT
readings it is advised 1o follow some basic design rules
presented here Operate the sensor and monitor culput in ambient air (no

target gas present in large amount) for one hout
MEASUREMENT CIRCUIT
5

One of the simplest circuits used for powering SGX sensors 45+ ) LA
1% the fallowing:
Ve = 5V ——t TTHh | |
35 f ! n
3 T T =y
Vo :
L9 | S I Y W
Rheate Resensor e I
15+ .
| —
17 ‘ -
05+
R_820 0 '
R [ Y Vo 0 I - i
Tirvee [rrin]
R_pat
Figure, 2| Measurement voltage
GND st In this example one can observe that stabilized Vo value is

So, let us see about this. So, essentially, this data sheet is actually talking about that. The

left side of the measurement circuit is pretty straight forward. You can see this part right.



This is what you must put one limiting resistor R serial and R heater. Do not confuse this
with this right side one at all. This is the one that is required for heating, this is meant for
heating. So, use it for heating. And this is the one this leg is the one that is used for

measurement of a particular gas.

And, what they feel is that the also you have to limit the current through this wing. So,
they will give you some reference circuits and they want you to adjust this V naught
under low gas condition to exactly the V cc by 2; that means, you should be able to get
off something like 2.5 volts here, if your V cc is 5 volts so that any change will swing
nicely between 2.5 and rail on the positive side and also on that negative side, it can go

up to 0.

So, if you keep it in the middle is a good way to adjust as this paper is talking about how
to do that adjustment and how do you ensure that values that you choose are you know

essentially meeting this requirement.
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Figure, 2 | Measurement voltage
GND In this example one can observe that stabilized Vo value is
Figure. 1. Operation cicrul around 4.5V in these test conditions. To cbtain the best

risolution it 15 advised lo work around the mid-opérating
range (e Vee2 = 25V) To adus! Vo al 2.5V, load
resistance has 1o be reduced, This is done by decreasing
the resistance value of the potentiometer. This action has
& been done at time ©0+100 min and is shown in the char
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SGX Sensortech 5.A Registered in SWITZERLAND Xo. CH-645-q102402-9 SPF-2083 Version 10, Seplember 2014

So, you can see, in this example one can observe that stabilize V O value is around 4.5
volt in these test conditions, you can see this is exactly what they have done you, this is
what has been stabilized under test conditions a measurement voltage. To obtain the best
resolution, it is advise to work around the midpoint range. So, even in my lab, I have this

around the 4 point I think we have got it up to 4.7 or 4.8, I do not recall, but we also have



done exactly this part adjusted to get you to this point. But to get good resolution, you

may want to work at the midpoint.

So, you have to adjust with this potentiometer to get to that midpoint. This is done by
decreasing the resistance value of the potentiometer. This action has been done at time T
naught plus 100 minutes has to has been done; that means, you are to wait until this
heater warms up, everything is all done and then under steady state condition, you should

be able to adjust it and leave it there.
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To know what is the polentiometer value; you can use an MULTI-RANGE CIRCUIT
chmmeter of measure the voltage over R_B20 (5mV in this

example) and calculate the current For final application where gas conceniration range
1=V _R_820/R_820=0.005/820 = 0.06 mA generates large resistance changes it is advised to use an
R_pat = V_pot/l = (Vee2-V_R_820)1 auto-setting of the load resistor in order fo perform

R_pot = (2.5-0.005)/0.000006 = 408 kOhms ridsurarment within the optimized voltage Zone.

At to +150 min, a pollution event, represented by the
opéning of a permanend ink pen in the vicinity of the sensor
for example, fs represented. The increase of Vo is
representative of the increase in “gas detecled” (drop of =

sensor resistance value). One can observe thal the voltage AD sonverier]

change is then higher for the signal adjusted at 2.5V 880N
baseline than for the one at 4,5V,

I r—"— 00 Chm
Mt e Tratize

And how do you calculate that value of the potentiometer R value? Well, here is a simple
expression which will give you that everything is around the Ohm’s law. So, I would not

elaborate that.
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example) and calculate the current
1=V_R_820R_820=0.005/820 = 0.06mA
R_pot = V_potfl = (Vee!2-V_R_820)1

R_pot = (£5.0.005)0.00000 = 408 kOhmis

At to +150 min, a pollution event, represented by the
opéning of a permanend ink pen in the vicinity of the sensor
for example, is represented, The increase of Vo s
representative of the increase in “gas detecled” (drop of
sEnsor resistance value). One can observe thal the voltage
change is then higher for the signal adjusted at 25V
baseline than for the one at 4 5V
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Table 1: Numen: evaluabion

SENSITVITY CALCULATION

Value of Rsensor s given by.

Tes | PEASg | Comment |
MULTFRMNUL WIneunn 1

For final application where §as concentration range
generates large resistance changes it is advised to use an
auto-setting of the load resistor in order fo perform
rdsurarment within the optimized voltage 2one.

] AD converier
8 BkOhr
Tristate

100 iChm

1200 kel

Figure. 3 : Eleciric circudl for mulli-range cperation

An application of this setting principle s described in figure 3
with ADC measurement circuil
To adapt the scale to the resistance range, the

So, essentially if you do baseline adjusted around V cc by 2 or baseline at 80 percent of

V cc which is 4.5 volts and 2.56 in either case, there is no problem of R S by R naught.

There is really no problem, only thing is good swing you will get right and good

resolution you will get.
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Table 1 : Numen: evaluabon

SENSITVITY CALCULATION

Value of Rsensor s given by,

Reansor = RLOAD x (Ve - Vout) ! Viout

with Vo = voltage manitored an pin Sensor Out
RLOAD: load resistor (R_pot+R_B20)
Vee = 5.0 [Volts]

Sensltivity can then be calculated as:
§ = (Reensor-Rsensor_0yRsensor 0

With:
5: sensitivity to the pollubon évent
sensor_(: resistance value before pollution event (usually
called the baseling)
Rsensor. resislance value in presence of pollution event

When using the data from Table 1 one can see that
absolute sensitivity is the same for any load resistance (Le. -
48%) but the measurement can be done with much maore
accuracy when load resistor is adapled to have baseline

Figure. 3 : Electric circuit for multi-range cperation

An application of this setting principle s described in figure 3
with ADC measurement circuil

To adapt the scale to the resistance range, the
microcontroller can switch two of thris resistors in Series.
The number of resisiors to be swilched varies with the
precision of the ADC. With a 10-bit ADC, two swilching
resistors may be sufficient to cover a range of sensing
resistance xtending for example from 2kOhms to IMOhms

So, it is that is what he is trying to tell here, this is the way you do it sensitivity can begin

calculated as R sensor R S minus R naught divided by R naught, R naught is resistance

value before pollution event, R S is the sense resistance value in the presence of



pollution. From table 1, so you can see; one can see that absolute sensitivity is the same

for any load resistance. There is no problem of absolute sensitivity ok.

(Refer Slide Time: 08:05)
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Sensitivity can then be calculated as
$ = (Rsensor-Rsensor_0)Rsensor 0

With

- sensitivity o he pallubion event

Raensor_0: resistance value before pollution event (usually
called the baseling)

Rsensor resistance value in presence of pollution event

When using the data from Table 1 one can see that
absolute sensilivity is the same for any load resistance (ie. -
48%) but the measurement can be done with much more
accuracy when load resistor is adapled fo have baseline
measurement range around Veo/2

If we consider a meagure with an 8.bit ADC and Ve 5V as
reference, we can useé then 256 measurement sleps of
19.53 mV (5V/256)

In the case where baseline i adjusted at B0% of Ve, the
change in measurement is of 025V {4.70-4.45). This means
250m\19.53mV = 12 ADC steps

With baseline adjusted around 50% of Ve, the change in
measurement s of 079 (335-256) This means
790mVi19.53mY = 40 ADC staps

That is about 48 percent, but the measurement can be done with much more accuracy
when load resistor is adapted to have baseline measurement range around V cc by 2. So,
that is essentially what he is saying, while absolute sensitivity is not compromised better
accuracy is possible if you keep it around V cc divided by 2. If we consider how to you
want to do that, you have an 8 bit ADC you have 5 volts, you know exactly what you
will get for every step. You will get 256 steps because this is an 8 bit ADC and each step

will correspond to 19.53 millivolts which is quite straightforward to calculate from here.
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absolute sensitivity is the same for any load resistance (ie. -
48%) but the measurement can be done with much more
accuracy when load resistor 18 adapled to have baseline
measurement range around Veo/2

If wit consider a measure with an 8-bit ADC and Vee 5V as
reference, we can use ihen 256 measurement sieps of
18.53 mV (GW/256)

In the case where baseline i adjusted at §0% of Ve, the
change in measurement s of 0.25Y (4.70-4.45). This means
260myvi19.53my = 12 ADG steps

With baseline adjusted around 50% of Vo, thé change in
measurement is of 079 (3.35-256). This means
790m\19.53mV = 40 ADC steps

This gain in ADCsteps used for the measurement is an

image of the gain in accuracy and detection abilty of the B o gt s s il i o ok st ppleons
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In the case of 80 percent V cc, you will only get 12 ADC steps, you can see that is pretty

obvious which means because you are already there 4.70 to 4.45.

So, if you do that, you will only have now, this means that you will only get about 12
steps; obviously, if you are much higher closer to the rail you will not be able to closer to
the power, power supply power supply voltage, you cannot get much range to play with.
And therefore, you will get only 12 ADC steps. But if you put it back to 50 percent of V
cc, you will get, you can go from 2.56 to 3.35 and you can get a step of 0.79 right. This
means 790 millivolt by 19.53, 19.53 millivolt which is 40 ADC steps. So, your
accuracies are different depending on where you put this baseline point um, essentially

the whole you know explanation is about that.

So, this gain in ADC steps used for the measurement is an image of the gain in accuracy
and detection ability of the measurement circuit. Using bad balance load resistor may
lead to poor sensor measurement according to the pollution level to detect and to bad
estimation of how the sensor is able to perform in your application. So, it is all about
how you use this data sheet to your advantage for your given scenario. So, in our case,
what we did was, we wanted to measure ambient N O 2. So, our was exactly matching
this measurement voltage figure 2 and we had this little margin to go up to a certain

threshold point and we had very few ADC steps and so on.



But we were able to get the detection quite right. So, we were able to measure even 20
ppb and then going up to about 40 ppb, very small change in N O 2. Look appears that,
you can still do because the overall sensitivity is never pull down even in spite of any

point you are with respect to this V 0. So, that is about this application node.

(Refer Slide Time: 11:12)
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MiCs Quick Start Evaluation Board

COMPONENT DISTRIBUTORS, INC SGX Sensortech
www.caiweb.com Component Distributors Inc. (CDI)

Instant testing - Just add power

Test 5 different MiCs devices

Complete Circuit on PCB for each Sensor
7to 20V Input Supply Voltage

| L
[l v ]
‘Q-!m 17, L —

While the MiCs SMD parts are difficult to test and require a 5V power supply for correct operation, the Quick Start
Demao board allows the user to be testing the SGX SMD metal oxide gas sensors within minutes after opening the
box, The MiCs quick start board can use any input power supply from 7V to 15 V. One of five different sensors can be
placed inta the universal onboard IC socket, and by installing the corract jumper the circuit is configured for imme-

You may also actually look up the kit which is given to you which would be a nice
starting point for you to add power, test five different MiC’s that is MiC quick start

evaluation boards from them, all right.

(Refer Slide Time: 11:31)

MiCs-2714

To test the MiCs-2714 (Nitrogen Dioxide sensor) only Jumper
3 and 4 should be installed. With these jumpers in place the
circuit is:

MiCs-4514 I

To test the dual MiCs-4514 (Carbon Monoxide and Nitrogen
Dioxide sensor) only Jumper 1,2, 3 and 4 should be installed.
With these jumpers in place the circuit is:

In the configuration, the CO sensor is on Viout A, and the NO2
output is on Vout B,

Conclusion:
The quick start demo board will allow the quick testing of the MICs sensors, and avercomes the commen drawback of working with sur-
_face mount devices However, ploase make sure to the MiCs-AN2 Q and A, as this will answer many of the most commen guestions asked




And he gives you a kit whereby you could essentially connect MiC’s 4 5 1 4. You can see
itis adual mix 4 5 1 4 C O and nitrogen dioxide by changing some jumper positions you

should be able to measure both right.
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In the configuration, the CO sensor is on Viout A, and the NO2 e [ ! 0.0
§ wshend )

output is on Vout B, =

Conclusion:

The quick start demo board will allow the quick testing of the MICs sensars, and overcomes the common drawback of working with sur-
face mount devices, However, please make sure to the MICs-AN2 Q and A, as this will answer many of the most commaon questions asked,
natable:

1) The MiCs sensors are not generally used as an exact measurand device. That is, you will not be able to measure to an exact ppm or ppb
level, but rather they are best used a low/med/high indication of a gas presence.

2) The MICs devices work best in a constant airflow application. These devices are not made to sit in the comer of a room and monitor air,
The best situation would be to have the sensor sit in the alr duct and air input or output.

3) While the MiCs sensor are advertised to monitor one gas, the sensors are all cross sensitive to other gases. Testing in a given application
is highly recommeendeed.

4) Pulsing power to the senar is nat recommended. In general, the sensors have long warm up time to function properly,
ANZ will guide you through other questions as well. However, while there are a few quirks when using the MiCs device, over 20 Million
sensors are used annually for |AQ applications. Good Luck with yours!

So, the conclusion is very interesting and I want you to spend some time on this. Ok,
leave the first one just the top point but number one is a very interesting thing. MiCs
sensors are not generally used as an exact measurement device which is a very clear
indicator. So, nicely written, they are saying they are not making any tall claims about

semiconductor sensors being very accurate.

They say it is not really meant for 21 ppb, 24 ppb, you cannot do that. It is that is not
going to work it is not meant for that kind of very accurate measurement and I feel it is
also not required when you are doing ambient measurement. You roughly want to know
low, medium, high right. So, that is exactly what he writes here, that is you will not be
able to express in p p exact ppm and ppb, but you will basically get low medium and

high ok. That is point number 1, point number 2.

So, beautifully written again going and summarizing everything that we have been
discussing, do not put a N O 2 sensor and put it in the corner of your room if you are
doing indoor or outdoor as well. It is if there is no flow, there is no accurate way of

measuring air quality at all. Please note this. I mentioned to you already, 1 litre per



minute, 0.5 litres per minute to 1 litre per minute looks good appropriate for any

measurement.

So, you have your ducts and all that we using some simple pumps so that you will be
able to make a nice airflow across the sensor so that a measurement is adhering to the
requirements. Also, when you calibrate think like this when you calibrate, you will have

a climate chamber and you will be a passing gas also at a certain flow right.

Now, that same flow while during calibration if you are maintained let us say 0.5 litres
per minute, it is always nice to make a measurement you know away from this
calibration part also in the same range. It is, but logical to think that way. So, it is good to
have a pump, which will allow you to suck the air at a particular rate which is adhering
to almost the same value that, you would choose when you are calibrating them in a lab
environment. So, that is the second point that he says. The third point he is saying is
while it is advertised for N O 2 and C O, oxidation reduction phenomena that happens,

be very sure that it is going to be highly cross sensitive to.

So, many other gases and therefore, you must ensure that you are doing testing, given the
fact that you are interested in only one type of gas that you want to detect, but keep this
in the back of your mind, he says this. The fourth point he says is do not pulse no pulse

power thing you should recommend and the sensors require a lot of warm up time.

So, ensure that, you just do not think that you buy it from the vendor put it in the system
and then say it should start measuring. That would not work, you even there are
recommendations on how much warm up time should be. You must give before the
baseline is settling down. Once the baseline settles down, you know that the heater is
fine, the sensor is fine and after that if you pass any gas, it should be able to measure

quite accurately.

So, a final punch line is very good. I want you to look at this it says. However, while
there are a few quirks when using MiCs devices over 20 million sensors are used
annually for indoor air quality applications. So, which means, in spite of all these
problems of not be able to measure accurately and all that, MiCs indeed is a maybe it is a
good sensor to try. I am not recommending MiC’s, I am just took this as an example you

have.



So, many other vendors and I think it is a good to perform a chart which has all the
sensors one by one. This is semiconductor there is an equivalent N O 2 for from for
electrochemical application. So, you may want to look at that because it is much more
linear and you can do a lot more things. But can MiCs also do anything very nice, can
you do get some linear relationships at least over a smaller range, they answer appears to
be yes. And then, now let us look at the other paper which finally, summarizes the whole

system. So, it is saying about so let me go there and so we have done with this.

(Refer Slide Time: 16:21)
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The MiCS-4514 is a compact MOS sensor with two fully
independent sensing elements on one package.

So, let us look at this final data sheet. In this data sheet, it says it is a compact mass

sensor with fully independent sensing elements on one package.
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Features

+» Smallest footprint for compact designs
(5x7x1.55 mm)

* Robust MEMS sensor for harsh environments
s High-volume manufacturing for low-cost
applications

* Short lead-times

Cencastratin ren]

RED sensor, continuous power ON, 25°C, 50% RH

Detectable gases

* Nitrogen dioxide  NO, 0.05- 10ppm Hyrogen

s Ethanol CHOH  10-500ppm : e l—'——-—

* Hydrogen s 1=1000ppm

|

s Carbon monoxide CO 1-1000ppm [T T It | 1
1
|

Its robust MEMS sensor for detection of pollution from automobile exhaust, but it is not
limited to just automobile exhaust, small footprint, robust MEMS, sensor. Look at the top

picture you have, so many other gases it is detecting.

(Refer Slide Time: 16:52)

Detectable gases

s Carbon monoxide CO 1 - 1000ppm
» Nitrogen dioxide  NO, 0.05- 10ppm

* Ethanol CHOH  10-500ppm
* Hydrogen H, 1=1000ppm
» Ammonia NH; 1-500ppm
* Methane CH, >1000ppm

0 sensor, continuous power ON, 25°C, 50% RH

For more information please contact:
info.em@sgxsensortech.com
SGX Sensortech, Courtils 1

CH-2035 Corcelles-Cormandréche
Switzerland

So, I would prefer you to close your eyes and we move directly to look at this N O 2

right.

So, N O 2 you can see that it is a logarithmic graph um. It is rising up log graph you have

R S by R naught, this is what you are looking at from the sensitivity perspective and you



can see N O is going like this and N O 2 is fairly. Although, this is a you have to note
that this is a log scale log linear, perhaps this measurement is done for continuous power
on. Look at what all he has put down as a spec T P H, if you see. I think he has taken

pressure as 1 atmosphere.

So, leave that; P is done, temperature is 25 degrees, H is 50 percent R H. So, now, you go
back and look up, what should I do when I have to calibrate this in a calibration facility?
What will you do? You have to get a climate chamber you have to request for points so
that you can write your if you want to creating a linear regression of the points, you have
to get it for a given temperature for a given humidity. Assuming that pressure is constant,
we will do it for different p p ms. So, you have different p p ms for the same p p ms that

you have chosen or p p bs. In the case of N O 2, let me be saying p p b.

Let us say you want to measure 20, 40 and 60 ppb. These are the three concentrations
you want to pass from the gas cylinder by mixing it with air and all that, you are passing
it, but at what temperature you want? So, therefore, what will you do you will say 20, 40,
60 at 25 degrees of so much humidity, 50 percent R h, one range. Then again, 20, 40, 60

at 50 degrees with the same R H perhaps, one more range.

Then again, 20, 40, 60 with 70 degrees and perhaps the same humidity or maybe increase
humidity. So, combinations are many, right. Therefore, and every time you pass gas, you
make a measurement and you get these points. You can you put them and then create a
regression equation, all that clearly indicates that it is very repetitive and you should be
able to sort of device your own algorithm on what are the key points that you want to

measure for different temperature, pressure and humidity a values.

So, it is pretty expensive for you if you go to a calibration lab to do all these repetitive
tests and arrive at anything useful. One solution which I can think of is if you are buying
from a particular vendor, a let us say you are buying from sensor tech which is this MiCs
4514 N O 2 semiconductor sensor, you could ask them for the as I said the board which

is which has a pre calibrated sensor in it.

Then, for you to co locate them and do some measurements becomes easy. All I am
saying is that, if this let us say the pre calibrated one is already indicating 30 ppb, then

you have the option of trying something in the lab and then taking that same board and



going to some very busy traffic junction just to see, if there is a increase in N O 2 and the

standard one is measuring let us say I do not know maybe 70 ppb.

And now you have to adjust this R value such that you will also reach to that value of
maybe that is whatever 70 or 80 ppb that you have set. So, that way you can get points
yourself calibrated and then perhaps you know sort of put it into a lookup table and then
transmit a value based on the R S by R naught that you would actually obtain.

Essentially, that is what you could do all by yourself, but professional way to do it is to
take it to a calibration facility gas calibration facility which has mass flow meters and it
has a climate chamber and then there is a mixing unit and there is dry air and then there
is the concentration of nitrogen dioxide that you want to mix together and so on and so

forth. So, indeed all this is what you should be doing.

Let us look at what are the detectable gases. You see it measured C O up to 1000 ppm,
nitrogen dioxide up to 10 ppm, ethanol C 2 H 5 O H is up to 500 ppm, hydrogen is up to
1000 ppm, ammonia it can measure from 1 to 500 ppm and methane C H 4 greater than

1000 ppm. So, all these are possible from this MiCs 4514 sensor.

(Refer Slide Time: 22:01)
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Performance RED sensor

Characteristic

Performance OX sensor

It appears a pretty cross sensitive to several other gases which is expected of MiCs

sensor. So, when you say red here it means reduction. So, when you say reduction, what



are you reading off? Your reading C O, you should just make a quick note of that this is
CO.

(Refer Slide Time: 22:19)
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r (see note 2)

Performance OX sensor

Characteristic

OX sensor

Sensing resistance in air (see note 1)

Sensitivity factor (see note 3)

And if you say oxidation O X, then you are reading N O 2. This is typical of all air

quality sensors ok.

So, you can see that, it can read up to 10 ppm if it is typically N O 2 under O X
performance of O X which is oxidation. Sensitivity factor is 2 in one case, sensitivity

factor is minimum is 1.2 in the case of reduction.

(Refer Slide Time: 22:47)

Notes:

1. Sensing resistance in air Ry is measured under controlled ambient conditions, i.e. synthetic air at 23
#5°C and 50 £ 10% RH for RED sensor and synthetic air at 23 £5°C and £ 5% RH for OX sensor.
Sampling test.

2. Sensitivity factor is defined as Rs in air divided by Rs at 60 ppm CO. Test conditions are 23 £ 5°C and
50 £ 10% RH. Indicative values only. Sampling test.

3. Sensitivity facter is defined as Rs at 0.25 ppm NO,, divided by Rs in air. Test conditions are 23 £ 5°C
and £5% RH . Indicative values only. Sampling test.

IMPORTANT PRECAUTIONS:
Read the following instructions carefully before using the MiC5-4514 described here to avoid erroneous




So, what are the important points here? Sensing resistance in air is measured under
control ambient conditions um; that means, R naught, look at the trick that you have to
do. You have to get to R naught. So, to fix this R naught and the way to fix this R naught
is to send synthetic air at this temperature, 23 degrees plus or minus and 50 percent
relative humidity for reduction sensor and synthetic air at 23 plus 5 degree, less than 5
percent relative humidity for oxidation sensor. You want to, do N O 2 measurement do

this, pass synthetic air.

What is synthetic air, just simple air of nitrogen and oxygen combined 78,, 22 that is all
just this much is sent. So, at 78 and 22 correct and you mix both of them put it, put the
humidity to 5 percent right and just send that air then you get your R naught. That is

what your baseline is.

Then, you have the sensitivity factor which i1s defined as R S in air divided by R S at
some ppm. You can see this 0.25 pm N O 2 divided by R S in air ok. So, sensitivity
factor is defined as R S at 0.25 ppm N O 2 divided by R S in air. Again test conditions
are given 23 plus minus 5 degree Celsius less than 5 percent relative humidity, indicative

values only you have to do, some sampling test and so on.

(Refer Slide Time: 24:38)
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50 2 10% RH. Indicative values enly. Sampling test.
3. Sensitivity facter is defined as Rs at 0.25 ppm NO,, divided by Rs in air. Test conditions are 23 £ 5°C
and £ 5% RH . Indicative values only. Sampling test.

IMPORTANT PRECAUTIONS:

Read the following instructions carefully before using the MiCS-4514 described here to avoid erroneous

readings and to prevent the device from permanent damage.

+  The sensor must be reflow soldered in a neutral atmosphere, without soldering flux vapours.

+  The sensor must not be exposed to high concentrations of organic solvents, silicone vapours or
tigarette-smoke in order to avoid poisoning the sensitive layer.

*  Heater voltage above the specified maximum rating will destroy the sensor due to overheating.
This sensor is to be placed in a filtered package that protects it against water and dust projections.

+  5GX sensortech strongly recommends using ESD protection equipment to handle the sensor.
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And he gives you precautions of ensuring that MiCs should not be destroyed. How

should you ensure that? No smoke, cigarette smokes and all that you should not you use



manual soldering you should do some reflow soldering right and heater voltage you

should not exceed maximum rating and so on.

(Refer Slide Time: 25:07)

MIC5-4514 with recommended supply circuit (top view) MICS-4514 with measurement circuit (top view)

RDRED is a 82 (2 and RDOX is a 133(). These resistors are The two voltages measured on the load resistors are
necessary to obtain the right temperatures on the two directly linked to the resistances of the RED and OX sensars
independant heaters while using a single 5V power supply. respectively. RLOAD must be 820 L1 at the lowest in order
The resulting voltages are typically YHRED = 2.4V and not to damage the sensitive layer.

VHOX=1.7V,

So, you must take care of ESD and all that. So, you can see that this is the datasheet he

has provided you and with recommended supply circuit is given you.

(Refer Slide Time: 25:18)
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MICS-4514 with r ded supply circuit (top view) MiC5-4514 with measurement circuit {top view)

RORED is a B2 (2 and RDOX is 3 133(). These resistors are The two voltages measured on the load resistors are
necessary to obtain the right temperatures on the two directly linked to the resistances of the RED and OX sensars
independant heaters while using a single 5V power supply. respectively. RLOAD must be 820 (2 at the lowest in order
The resulting voltages are typically VHRED = 2.4V and not to damage the senitive layer,

VHOX= 1.7V,

Parameter
RED sensor/OX sensor

Heating voltage

Heating current

So, this is for reduction and oxidation sensor both. He has given you the heating power,

heating voltage, heating current and heating resistance at nominal power everything is



mentioned. Read the datasheet accurately and set up your system to measure the N O 2

as well as if you are configured for C O, you configure C O separately ok.

So, I could go on like this, but it is important for us to put a hold put a halt to all what we
have been discussing now and take a back seat and say what did we learn in this process
of this complete module. What we have learnt is the importance of air quality monitoring
and the challenges that you have in making such a measurement possible in reality using
I O T sensors because the selection of component itself is very very critical. There are so
many parameters that you will have to choose and get into the detail of how to choose,

what to choose?

Should you choose electrochemical, should you choose semiconductor sensors and what
is the range you want to measure and to what accuracy you want to measure, how
accurately you want to measure this ? All these are something that we have covered. Of
course, we know where pollution is coming from contribution of automobiles is known
right, contribution by solid fuels is known now we know a little bit that it comes from
soil solid fuels from automobiles, automotive applications, energy generation, stable
agricultural residues and so on and so many things that really motivated us to study this a

problem.

So, let us now finally, concentrate on can we put everything together and put up a nice
demonstration of this system ok? You may not be able to calibrate because calibration is
would be very difficult for us to show you. Although, there are efforts to in that direction,
you may have to look for a standard lab which will give you will allow you to build a

chamber for your sensors and that as a chamber can be used for calibration purposes.

Nevertheless, it does not stop us from discussing what are the key you know decisions,
that you have to make before even you choose a sensor. Let us do that and then finally,
let us wind it up with a nice demonstration. I will explain the demonstration setup to you

and we will see what are the key results that one can get from them.



