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1) What is humidity sensor?  
 
 Humidity is one of the most common factors, as well as temperature, that exist in the 
atmosphere.  There have been various ways to measure the humidity.  For instance, a 
hygrometer using a hair has been used for a long time by making use of its properties 
that expends and shrinks by absorbing and releasing moisture.  As a dew indicator 
that optically detects a dew point can accurately detect humidity, it is used for 
measuring equipment.  The former method is simple and convenient, but cannot 
accurately measure humidity; in addition, the response speed is very slow.  The latter 
method is accurate but expensive and large-sized.   
Electronic type of humidity sensors are recently getting popular because of the low cost 
and the relatively accurate & reliable performances.  These electronic types of 
humidity sensors are classified into several kinds. 
 
 
 
 
 
 
 
 

Fig. 1-1  Classification of electronic type humidity sensors 
 

Electronic type humidity sensors are roughly classified into two groups according to 
the humidity detection methods, resistance value alteration type and inductive 
capacitance alteration type.  The resistance type sensors are classified into further 
two groups by the materials used for detection, polymer type and ceramic type.  

Resistance type sensors have a simple structure and the best cost merit.  Especially 
polymer type sensors, because of the superiority in the performances and reliability, 
are widely used for portable hygrometers, residential air conditioners, humidifiers, 
dehumidifiers, and humidity control units for commercial air conditioners.  Ceramic 
type sensors detect humidity, as same as polymer type sensors, by measuring the 
alteration of impedance caused by the absorption of moisture, but are out of market 
now because of the hysteresis of moisture absorption/adsorption on the ceramic surface 
and the deterioration tendency as time passes.  

Capacitance type sensors consist of a material which dielectric constant varies 
by humidity absorption, and the material is sandwiched by the two electrodes in 
order to detect humidity by variations of inductive capacity between the two 
electrodes.  This detection method can accurately measure the humidity levels in 
wide ranges from low to high because the humidity levels are proportional to the 
inductive capacity.  The capacitance type sensors are used mainly for measuring 
equipment, but have a complicated structure compared with the resistance type 
sensors, and need difficult production technologies.  This type of sensors is 
rarely used for domestic appliances because of the high cost and the complicated 
application circuit.   

Resistance 
type 

Polymer type 

Ceramic type 
Electronic type 

Capacitance type 
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 Nemoto's NHS-12 is a resistance type sensor, but can measure a wide range of 
humidity.  This innovative sensor is widely used also for applications that require 
accurate measuring results. 
  
2) Features of NHS-12 
 
 Up to now, users have been using polymer type humidity sensors with concerns about 
their durability and reliability.  It is because current polymer-type humidity sensors 
are made of a hydrophilic polymer film, and users are uncertain of its durability under 
high temperature/humidity or dew-condensation conditions as well as the resistivity to 
organic solvents and harmful noise gases.    
 Nemoto's NHS-12 has repelled such concerns of users.  NHS-12 shows excellent 
stability under high temperature/humidity conditions compare to other polymer type 
humidity sensors.  NHS-12 shows also excellent resistivity to organic solvents like 
acetone and alcohol, and to acidic gases like NOx and SOx, as well as to alkali gases 
like ammonia.  Users will enjoy its reliability for a long time of period. 
 
 In addition, NHS-12 has lower impedance and is less affected by temperature.  
These features enable to measure a lower humidity range than 20% RH that could not 
be accurately measured before by conventional resistance type humidity sensors.    
 
3) Applications of NHS-12 
 
 The accurate and reliable sensor, NHS-12, can be used for a wide range of products 
that require humidity control functions.  The following are application examples. 
 
1) Humidity controlling unit for residential appliances such as air conditioners, 

humidifiers, dehumidifiers, ventilation fans that require durability and reliability.  
2) Humidity controlling unit for greenhouses at high temperature/humidity.   
3) Portable hygrometer that must be of best cost performances.  
4) Copy machine that must work in a wide range of temperature/humidity.  
 

The following products are also available. 
 
* NHS-12F: Flexible lead wires are provided to enable to measure humidity in the 

area far from the PCB. 
* NHU series: Small sized humidity detection units with NHS-12 mounted on a 

basic control circuit that enables DC input - DC output.      
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4) Specifications of NHS-12 
 
(4 -1)  Speci f i cat ions 
 

Supply voltage AC 1V (Sine or square wave) 
Rated power consumption ２ mW 
Operational humidity range 10 ∼ 90% RH 
Operational Temperature range 0 ∼ 60oC 
Humidity range for storage -20 ∼ 60oC 
Frequency 500Hz ∼ 2kHz（1kHz recommended） 
Guaranteed impedance 6 KΩ（25oC, 50 ± 5% RH） 

 
 
(4 -2)  Sensit iv i ty  curve  
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(4-3) Data table 
Typical data of NHS-12 

AC1V, 1kHz Unit: KΩ 
 5 oC 10 oC 15 oC 20 oC 25 oC 30 oC 35 oC 40 oC 45 oC 

10%RH － － － － － － 3900 1500 840 
15%RH － － 4800 1800 900 590 410 280 200 
20%RH 1700 930 520 350 250 180 140 105 81 
25%RH 390 270 185 140 105 82 64 51 41 
30%RH 155 115 84 65 51 41 33 26.5 22 
35%RH 74 56 43 34 27.5 22 18 15 12.5 
40%RH 40 31 23.5 19.5 16 13 11 9.1 7.7 
45%RH 21.5 17 14 11.5 9.5 8.0 6.6 5.7 5.0 
50%RH 13 10.5 8.6 7.2 6.1 5.1 4.4 3.7 3.2 
55%RH 7.9 6.6 5.5 4.7 4.0 3.4 2.9 2.5 2.2 
60%RH 5.1 4.3 3.7 3.1 2.7 2.3 2.0 1.75 1.55 
65%RH 3.3 2.8 2.45 2.15 1.85 1.6 1.4 1.25 1.1 
70%RH 2.2 1.85 1.6 1.4 1.25 1.1 0.99 0.89 0.81 
75%RH 1.5 1.3 1.15 1.0 0.90 0.81 0.73 0.67 0.61 
80%RH 1.05 0.92 0.81 0.73 0.66 0.60 0.55 0.51 0.47 
85%RH 0.71 0.64 0.58 0.53 0.48 0.44 0.41 0.38 0.35 
90%RH 0.50 0.46 0.42 0.38 0.35 0.33 0.31 0.29 0.27 
95%RH 0.35 0.32 0.30 0.28 0.26 0.25 0.24 0.22 0.21 

 
 
(4-4) Response/Restoring characteristics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AC 1V, 1kHz at 25℃

20

30

40

50

60

70

80

0 5 10 15
Time (min.)

Sorption process
　　(30→70%RH)

Desorption process
　　(70→30%RH)

SUNSTAR传感与控制 http://www.sensor-ic.com/ TEL:0755-83376549 FAX:0755-83376182 E-MAIL:szss20@163.com

SUNSTAR自动化 http://www.sensor-ic.com/ TEL: 0755-83376489 FAX:0755-83376182 E-MAIL:szss20@163.com



 - 6 -

(4-5) Hysteresis characteristic 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(4-6) Frequency dependency 
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(4-7) Dimensions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             Unit: mm 
 

Material 
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Pins Phosphoric 
bronze, soldered 

7.5 3.8

10
.1

6.
0

2.5 0.25

0.5

SUNSTAR传感与控制 http://www.sensor-ic.com/ TEL:0755-83376549 FAX:0755-83376182 E-MAIL:szss20@163.com

SUNSTAR自动化 http://www.sensor-ic.com/ TEL: 0755-83376489 FAX:0755-83376182 E-MAIL:szss20@163.com



 - 8 -

５）Reliability tests 
 
 Test conditions: After exposed to the following atmospheres, NHS-12 was taken out 

and left in room conditions for 60 minutes.  Then the resistance value 
was measured under 25oC and 50% RH.  The following tables show the 
variations before and after tests.  

 
(5-1) Weatherability 

High temperature test (80oC, 1,000 hrs.) < ± 1% RH 

Low temperature test (-20oC, 1,000 hrs.) < ± 2% RH 

High Temp./humidity test (60oC, 90%RH 1,000 hrs.) < ± 3% RH 

Low humidity test (25oC, <15%RH 1,000 hrs.) < ± 2% RH 

Energized in high temp. (80oC, AC 1V, 1 KHz, 500 hrs.)  < ± 1% RH 

Energized in high temp./humidity (60oC, 90%RH, AC 1V, 1 KHz, 1,000 hrs.) < ± 1% RH 

 
(5-2) Atmosphere tests 

Methanol (Conc. 1%, 100 hrs.) < ± 1% RH 

Ethanol (Conc. 1%, 100 hrs.) < ± 3% RH 

Ammonia (Conc. 1%, 100 hrs.) < ± 2% RH 

Acetic acid (Conc. 1%, 100 hrs.) < ± 1% RH 

Mixed solvents (Benzene 3 : Toluene 3 : Xylene 4, saturated 100 hrs.) < ± 1% RH 

H2S (Conc. 200 ppm, 20 hrs.) < ± 1% RH 

Acetone (Conc. 1%, 100 hrs.) < ± 1% RH 

SO2 (Conc. 200 ppm, 20 hrs.) < ± 2% RH 

Cigarettes (2 pcs./18 litter2, 25 hrs x 2 times) < ± 2% RH 

 
(5-3) Physical properties 

Drop test (Dropped onto wooden plate from a height of 1m 3 times) Passed 

Vibration test (Amplitude of 5mm, X, Y, Z directions 10Hz for 20 min.)  Passed 

Tensile strength of lead wire  
(Pulled with 1 Kg. load for 10 seconds.) Passed 

Lead wire vending test (Lead wire was vented to 90 degrees with 
250g load, and vented again to opposite direction.) 

Passed 
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6) Circuit designing 
 
(6-1) Basic circuit and output characteristic 
 
 NHS-12 is operated by AC with a frequency around 1 KHz.  The impedance of 
humidity sensors exponentially varies as humidity varies, and the sensor is dependent 
to temperature.  Therefore, for the most accurate measurement results, some 
additional circuits would be required such as temperature compensation circuit, 
linearizing circuit, etc.  By using such additional circuits, linearized outputs can be 
obtained from low (10%RH) to high (90%RH) humidity ranges.  Please refer to (6-2) 
Designing of measuring circuit for detailed information.      
 For applications that do not require very accurate measurement in a wide humidity 
range, NHS-12 practically works with the following simple circuit having just a 
temperature compensation circuit. 
 In order to compensate the temperature dependency of a humidity sensor, there are 
two methods; Either making use of the fact that the current of a diode has temperature 
dependency or making use of the temperature characteristic of NTC thermistor.  In 
case that a humidity sensor has too large temperature dependency, the former method 
can not be used.  However, it is extremely difficult for users to select a diode that is 
matched with the humidity sensor, and even if a matched diode has been selected, the 
diode may often become discontinued.  Whereas, selecting a matched thermistor for 
NHS-12 is very easy.  Users can pick up one that has a B constant matched with the 
temperature dependency of NHS-12.  NHS-12 has smallest temperature dependency 
that allows users to take a universal type thermistor having 3,500 - 4,000 of the B 
constant in order to compensate the temperature dependency.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6-1  Basic operational circuit 

U1 2902 C2 22μF／16Ｖ 
R1 10 kΩ D1 1SS133 
R2 6.8kΩ HS NHS－12 
R3 10 kΩ TH R25 = 10kΩ，B = 3435k 
C1 0.1μF Vin = 1VRMS   1kHz 
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The most basic circuit using a thermistor is shown in Fig 6-1, and output characteristic 
when the basic circuit is used is shown 
in Fig 6-2.  As this circuit does not 
have a logarithmic conversion circuit, 
the lower output is obtained in the 
lower humidity range and the output 
is saturated in the higher humidity 
range.  This circuit may not be good 
to cover from low to high humidity 
ranges, but can be practically used for 
a simple control unit that requires to 
measure humidity only in the range of 
40%RH - 80%RH.  But as the outputs 
are in an S-shaped curve that is hard 
to be linearized, this circuit may not 
be not good for measuring equipment 
like hygrometers.  Temperature 
compensation circuit for hygrometers 
is shown in (6-2).  The output level of 
the circuit can be adjusted by replacing    Fig. 6-2  Output characteristic 
R1, R2, and R3.  
 
(6-2) Humidity measuring circuit 
 
(6-2-1) Oscillation circuit 
 
 Incorrect supply voltage may affect to the life and stability of a humidity sensor.  
Therefore attention must be paid to correct supply voltage upon designing a circuit.  
The ideal AC current to be supplied to the sensor is the one with sine wave.  Too high 
supply voltage would affect to the stability and too low voltage would cause problems 
on the circuit designing.  In case of NHS-12, 1 VRMS should be the best. The circuit 
diagram which creates sine wave by using LEDs is shown in Fig. 6-3.       

In case that a square wave is supplied, the duty ratio must be symmetric when 0 V is 
put in the center.  Fig 6-4 shows a circuit to generate such a square wave.    

When AC containing a tiny DC (even 10 mV) is supplied to the sensor, it may cause a 
shorter life of sensor.  It is recommended to remove a DC part contained in AC. 
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                      non pol. 

 
 
 
                                    1.4VRMS                                                    

900Hz 
 

 
Fig. 6-3  Oscillation circuit (Sinusoidal oscillation) 

 
 
 

          
 
 
 

      non pol. 

 
                          1.3VRMS 

                                    1kHz 
 
 
 
 
 
 
 
 
 

Fig. 6-4  Oscillation circuit (Square oscillation) 
 
 In the above circuit, output voltage can be adjusted by changing the resistance value 
of R1.  However, when the difference between R2 and R3 gets bigger, the performances 
get instable and it becomes difficult to obtain symmetric square wave.  The following 
formula represents the oscillation frequency "f" of this circuit.   
 

U1 2902 
R1 10 kΩ 
R2 10 kΩ 
R3 51 kΩ 
R4 180 kΩ 
C1 0.01μF 
C2 0.01μF 
C3 0.01μF 
C4 10μF 
D1 TLR102 
D2 TLR102 

U1 2902 R4 390 kΩ 
R1 390 kΩ C1 0.1μF 
R2 330kΩ C2 10μF 
R3 5.1kΩ   
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As shown in (4-6), relatively flat impedance characteristic is obtained in the range from 
500 Hz to 2 KHz.  In the area lower than 500Hz, the frequency dependency of 
impedance is getting bigger in a higher temperature range, and in the area greater 
than 2 KHz, on the contrary the frequency dependency is getting bigger in a lower 
humidity range.  Therefore an oscillation circuit should be designed to have NHS-12 
work in the range of its operational frequency.   
NHS-12 shows the best performances in a circuit designed with the recommended 
frequency, 1 KHz.  
 
(6-2-2) Circuit for logarithmic conversion 
 
 The impedance of humidity sensor logarithmically varies as humidity varies.  It 
therefore is required to logarithmically convert the output voltages, otherwise smaller 
outputs are obtained in a lower humidity range and saturated outputs in a higher 
humidity range. (S-shaped output curve)  
 Fig. 6-5 shows a circuit for logarithmic compensation to linearize the S-shaped 
output curve.  This circuit is to convert the outputs to the ones that can be easily read. 
In this circuit, R2 works to stabilize the circuit by canceling a drift by temperature.  
 
 
 
 
 
 
 
 
 
 
 
 
                                                        Resistance 
                                                                           Temprereture Sensor  

U1 2902 C2 100pF 
R1 2.2 kΩ Q1 2SC1583(ﾃﾞｭｱﾙ) 
R3 50kΩ HS NHS－12 
R4 15 kΩ R2 R25 = 1kΩ，±0.3% / ℃ 
C1 1μF Vin = 1VRMS   1kHz 

 
 

Fig. 6-5  Logarithmic conversion circuit using transistor 
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There is another conversion circuit using diodes.   This method is simpler than 
the above method using a transistor, and is commonly used because a fewer number 
of components is required to get relatively better performances.  Fig. 6-6 shows a 
circuit for logarithmic conversion using diodes.  Fig. 6-7 shows the output results 
from this circuit.  In comparison with the Fig. 6-2, the output curve in the low and 
high humidity ranges is compensated to a more linear curve. But, please pay 
attention that the temperature dependence of diode affects output signal.  

 
 
 
 
 
 
 
 
 
 
 

U1 2902 D2 1SS133 
C1 1μF HS NHS－12 
D1 1SS133 Vin = 1VRMS  1kHz 

 
Fig. 6-6  Logarithmic conversion circuit using diodes 

 

 
Fig. 6-7  Compensated output curve 
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(6-2-3) Temperature compensation circuit 
 
 Humidity sensors (regardless of manufactures) have own temperature dependency, 
and need an appropriate temperature compensation circuit.  Fig. 6-1 shows the most 
basic compensation circuit, but for more accurate measurements, it is very useful 
method that the order direction current of diode normally has temperature dependence 
as described in item (6-1). For example, the circuit diagram specified in Fig.6-8 shows 
the temperature compensation by using D1 in logarithmic conversion circuit which is 
described in item (6-2-2).  
 In this circuit, the current is adjusted by the value of R1 in order to obtain more 
accurate temperature compensation and revise the linearity. And, for restraining ripple 
voltage which generates when the alternating current is changed to the direct current 
by rectification circuit, C2 requires to some extent large capacitance.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

U1 2902 C1 1μF 
R1 300Ω C2 10μF／10Ｖ 
D1 HSM123 HS NHS－12 
D2 HMS123 Vin = 1VRMS   1kHz 

 
 

Fig. 6-8  Temperature compensation circuit 
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(6-2-4) Calibration and evaluation of outputs 
 
 It would be a time-taking job to calibrate or evaluate a circuit using a standard 
humidity generated in your labs.  Usually calibration or evaluation of a circuit is done 
using dummy signals obtained by putting a resistor instead of a humidity sensor. 
 Firstly, from the data table 4-3 (Basic characteristics of NHS-12), impedance values 
are selected that are equivalent to humidity ranges you want to calibrate or confirm.  
In case you want to confirm outputs in the range from 30%RH to 70%RH under 25oC, 
you take the impedance values of NHS-12, i.e. 51 KΩ at 30%, 6.1 KΩ at 50%, and 1.25 
KΩ at 70% from the date table.  Secondly a resistor equivalent to the impedance value 
(≤ ± 1%) is put in the circuit instead of the sensor, then output voltage is measured.       

When the circuit shown in Fig. 6-5 is used, the following outputs are obtained; 
100mV at 30%RH, 200mV at 50%RH, and 275mV at 70%RH under 25oC.  By using 
the dummy resistors, you can confirm whether your circuit works correctly or not.  
 In case you want to change the output characteristics, you can adjust the circuit 
constant during a dummy resistor is put in your circuit, then obtain desirable output 
curve.    
 
(6-3) Model circuit using NHS-12 
 
 Fig. 6-9 shows a Model circuit using 
NHS-12 adapting the above techniques, 
and the output characteristic from this 
circuit is shown in Fig. 6-10.   
  This circuit compensates the output 
curve shown in the Fig. 6-7 (Linearity is 
lost in the higher range than 70%RH.) 
by additional current adjustment of R1  
specified in Fig. 6-8 and suitable balance 
of circuit constant in an amplification 
circuit. Thus accurate measurement can 
be done in the wide range from low 
(20%RH) to high (90%RH) humidity. 
 
 
 
 
 
 
 
 
 

Fig. 6-10  Output characteristics of  
Model circuit 
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Fig. 6-9  Model circuit using NHS-12 
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(6-4) For higher accuracy 
 
 The model circuit shown in (6-3) should be accurate enough (≤ ± 5%) for 
residential hygrometers or humidity controllers.  However when more accurate 
measurement is required, multiple approximation methods should be required 
for linearizing the output.  For this purpose, more complicated circuits would be 
required.  This users' manual does not include information on such circuit.   

You may find a suitable circuit in reference books for circuit designing.  Or 
technical advices will be given by us upon request. 
  
 
7) Mounting NHS-12 onto devices 
 
 Mounting or assembling a sensor onto a device may affect not only to the basic 
features of the device but also to the sensor life.  Mounting or assembling 
method is a very important point in manufacturing reliable quality devices.  

 
(7-1) Mounting onto various devices & appliances 
 
(7-1-1) Onto air conditioner 
 
 There are two ways to assemble a sensor in air conditioners; To locate a sensor 
in the air stream, or to locate independently outside of the air stream.  And each 
method has merits and demerits. 
 
In case of location in the stream of sucked air 
 
 The merit is faster response because the sensor is in the stream, and more 
accurate humidity detection is possible by direct measurement. 
 Demerit is contamination on the sensor surface because the sensor is always 
exposed in the air flow.  In the worst case, a sensor in the air flow may have a 
shorter life compared with the one located outside of the air flow.  In addition, 
the sensor detects only the humidity of the sucked air itself but may not detect 
the humidity of the overall air in the room where the air conditioner is installed. 
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AIR

Humidity Sensor

 
 Fig. 7-1 shows the recommended 
positioning of sensor when it is put in an 
air stream.  By putting the back face of 
sensor against air flow, contamination 
on the front face of a sensor by cigarette 
smoke etc. can be minimized. 
Even if the sensor is positioned like this, 
it would not affect to the sensitivity and 
response characteristics of NHS-12.      
 
 
           Fig. 7-1 Positioning of sensor 
 
 
In case of location out of the stream of sucked air  
 
 This method lessens much the possibility of contamination on the sensor 
surface.  Therefore relatively longer life is expected, but it may take a longer 
response time. 

 Fig. 7-2 shows a location of sensor 
that improves the response speed.   
A sensor is to be located near the 
air-sucking openings.   
It is also possible to mount a sensor 
outside of an air conditioner, for 
instance in the remote controller, to 
prevent contamination and for faster 
response speed.   
 
 

  Fig. 7-2  Mounting onto to air conditioner    
 
 
 
(7-1-2) Mounting to dehumidifiers 
 
 As same as air conditioners, there are two ways to assemble a sensor in 
dehumidifiers.  The merit and demerit are the same as the case of air 
conditioners.  The most appropriate location is to be determined depending on 
applications and required performances of your final products. 
  
 
 
 

Air Conditioner
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(7-1-3) Mounting onto humidifiers 
 
 In case of regular humidifiers, air sucked from outside is blown out of a steam 
outlet through the main body of the apparatus where controlling PCB is 
assembled in.  For humidifiers of this system, a sensor is to be directly mounted 
on the PCB.  The back surface of the sensor is to be positioned against the air 
flow for the longest possible life.      
 Humidifiers and dehumidifiers have a water tank that is taken out and put in 
when necessary.  Attention must be paid to the sensor location so that a sensor 
does not get wet by water.  Even if a sensor is not mounted on the PCB, it is to 
be located in a place where does not get wet by water or steam. 
 
 
 
(7-1-4) Mounting onto Automatic ventilator 
 
 Ventilators to be installed in kitchens and rooms can also be automatically 
controlled using NHS-12.  In this case, the air inlet is much larger than the one 
of air conditioners, humidifiers, or dehumidifiers.  Therefore the possibilities of 
the contamination by sucked air would become much larger when a sensor is 
exposed directly to the air flow.  You are recommended not to place a sensor in 
the air flow, but to put it on the PCB or in the location shown in the Fig. 7-3. 
The best location would be near an opening at a corner where is not near to the 
fan.  The front surface of a sensor is to be faced to the opening.  
 
 
 
 
 
 
 
 
 
 
 

Automatic-Ventilation 
 
 

Fig. 7-3  Location of NHS-12 on automatic ventilator 
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(7-2) Extension of sensor wiring 
 
 It is recommended to mount NHS-12 directly onto a PCB.  But in some cases 
it may be required to locate the sensor with a distance from the PCB.  In such a 
case the sensor and the PCB must be connected with signal wires.   
 As NHS-12 puts out low impedance even in the lower humidity range, such 
extended wiring does less affect to the performances.   
However please note the following.  
 

a) When highly accurate measurement results are required, please use 
shielded wires.  
 

b) It is not necessary to use shield wires if the signal wires are shorter than 
150 cm and the target detection range is more than 40% RH. 
 

c) Even if the target detection range is less than 40% RH, it is unnecessary to 
use shield wires if the wires are shorter than 50 cm.  However shielded 
wires should be used if the length is more than 50 cm.  In this case, the 
maximum wire length must be less than 100 cm. 
 

d) In the detection ranges which impedance is more than 1 KΩ, the impedance 
may be affected by noise signals and extended wiring.  Therefore please 
confirm that the output characteristic is not affected even if the length is 
within the ranges mentioned in above b) and c). 
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8) How to generate standard humidity  
 
 Japan Industrial Standard J7920 (Hygrometer - Test methods) specifies two 
basic methods, "Separation Method" and "Saturated Salt Solution Method".  
 Constant humidity generators using the Separation Method are available on 
the market.  The Saturated Salt Solution Method would be the simplest and 
least-expensive method to obtain Standard Humidity if the salt solutions are 
properly handled.  Therefore this brochure illustrates only the basic principle of 
Separation Method, but detailed explanations of Saturation Salt Solution 
Method so that users can evaluate or inspect their products using the Saturation 
Salt Solution Method in their labs.  
 
(8-1) Separation Method  
 
 As shown in Fig. 8-1, dry air is separated into two flows.  One flow passes 
through a chamber that is saturated with water vapors, and is mixed with the 
other flow at a designated ratio in order to obtain a designated humidity.   
 
         Temp. controlled chamber 
 
 
 
 Dry air 
 
 
 
 
 
 

Fig. 8-1  Principle of Separation Method 
 
 

In this method, it is required to severely control the temperature, saturation 
condition in the saturated air chamber, constant air flow, constant air 
pressures in both of the saturation and test chambers, and accurate mixing 
ratio of dry and wet airs.  Accurate and constant temperature control is 
required also in the temperature controlled chamber.  For this purpose, 
generally a water bath is used for controlling temperature in the range of 50oC 
or more, and an oil bath in the range less than 50oC.  In order to maintain the 
temperature range of 0 ∼ 20oC, the original air should be cooled down using a 
cooling apparatus.   

Flow 
meter 

Flow 
meter 

Saturated 
air 
chamber  

Test 
chamber 
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The relative humidity generated by this method can be calculated using the 
following formula. 
                       Pt ⋅ γ 
            U =                       x 100 (%) 
                    P5 - (1 - γ) ⋅ e5  
 
              U : Relative humidity (%) 
              Pt : Pressure in test chamber 
              P5 : Pressure in saturated air chamber (Pa) 

γ : Ratio of dry air and total air quantity (Separation ratio) 
              e5  : Saturation vapor pressure in saturated air chamber 
 
 Constant humidity generators using separation method would cost about 
US$16,000 ∼ 63,000 depending on functions and specifications. 
 
 
(8-2) Saturated Salt Solution Method  
 
 Relative humidity of the air that is balanced with the saturated salt solution 
can be determined by the kind of salt and the atmospheric temperature. 
Therefore a designated humidity can be obtained by constantly keeping the 
temperature of the whole chamber containing a saturated solution of a salt.  
General users can easily generate a very accurate (within ± 1%RH) humidity 
with simple apparatus as they properly handle a saturated salt and accurately 
control the temperature. 
 
(8-2-1) Kinds of saturated salt and saturated vapor pressure  
 
 Table 8-1 shows relative humidity (%) of air that is balanced with typical 
saturated salt solutions.   
 

Table 8-1  Relative humidity (%) and kinds of saturated salt 
Temperature (oC) Salts 

0 5 10 15 20 25 30 35 40 
Potassium sulfate 
Potassium nitrate* 

Potassium chloride 
Sodium chloride 
Sodium bromide 
Magnesium nitrate** 

Potassium carbonate 
Magnesium chloride 
Lithium chloride 

K2SO4 

KNO3 

KCl 
NaCl 
NaBr 

Mg(NO3)2· 6H2O 
K2CO3· 2H2O 
MgCl2· 6H2O 

LiCl 

99 
96 
89 
76 
65 
60 
43 
34 
11 

98 
96 
88 
76 
64 
59 
43 
34 
11 

98 
96 
87 
76 
62 
57 
43 
33 
11 

98 
95 
86 
76 
61 
56 
43 
33 
11 

98 
95 
85 
75 
59 
54 
43 
33 
11 

97 
94 
84 
75 
58 
53 
43 
33 
11 

97 
92 
84 
75 
56 
51 
－ 
32 
11 

97 
91 
83 
75 
55 
50 
－ 
32 
11 

96 
89 
82 
75 
53 
48 
－ 
32 
11 

* : May corrode metals  
**: May be instable at less than 20oC 
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(8-2-2) How to make saturated air chamber  
 
Necessary equipment and materials 
 

Desiccator: Plastic vessels would be the best.  20 ∼ 30 liter containers would 
be good for less than several ten pieces of sensors.  It may need 
several hours to stabilize the temperature in the chamber after 
exchanging saturated salts.  In case several humidity levels are 
required one after another, multiple numbers of desiccators are to 
be provided. 

 
 Fan for agitation: Small-sized fan for general use. 
 
 Slide rheostat: For controlling the fan speed. 
 

Thermometer: Regular mercury thermometer or thermo-couples to be put in a 
desiccator. 

 
 Saturated salt:  500g of saturated salt is provided for designated humidity. 
 
 Deionized water: For dissolving a salt for saturation.   

Commercially available distilled water can be used instead.  
   

Vessel for saturated salt:  
Chemical-resistant plastic (PP or PE) containers with a wide 
opening and a lid would be fine.  Volume of a container should 
be 1/10 ∼ 1/15 of a desiccator. 
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Outline of testing system  
 
 Fig. 8-2 shows the outline of a basic test chamber with saturated salts. 
Your own test chamber is to be made referring to this basic system for evaluation 
of sensors and sensor units.  
 
 

 
Fig. 8-2  Basic testing chamber 

 
 It is necessary to put a fan at a location that the wind does not directly hit test 
samples and the air inside the chamber is gently agitated and circulated.  It 
may not be definitely needed to use a slide rheostat for controlling air velocity, 
but too strong air flow may blow off the salt that has been dried up and stuck to 
inside walls of the chamber.  Blown-off salt particles may cause contamination 
on test samples.  
 The signal wires between test samples and LCR Meter should be the shortest 
possible.  Shielded signal wires must be used for measuring the low impedance 
range (less than 1 MΩ) under low temperature and low humidity atmosphere. 
In case of measurement at room temperature and humidity, shielded wires would 
not be required and practically accurate results can be obtained with 1 meter of 
non-shielded wire. 
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How to make saturated salts  
 

1) Deionized water of 40 ∼ 50oC is prepared.  1 liter would be enough for a 
kind of salt. 

 
2) Salt is put in a container and water is gradually added.  Water should 

NOT be added till the salt is completely dissolved.  "Half-melted sorbet 
condition" would be ideal.  Too much added water should prohibit 
generating an accurate humidity level.   
 

3) The container is lidded and stored.  Upon using the solution, attention is 
to be paid that both of the container and solution are well adapted and 
stable to the ambient temperature.   

 
 
(8-2-3) Remarks for humidity measurement using saturated salt 
 

1) It would take 20 ∼ 40 minutes after the door is opened and closed that the 
humidity in the test chamber gets stabilized.  The time for stabilization 
can be shortened by quick door actions.  

 
2) In case of measurement using a single desiccator with multiple saturated 

salts (salts are exchanged time to time), it would take a longer time to get 
the humidity stabilized.  In order to get the most reliable test data, 
measurement is to start after the humidity has got stabilized.  For the 
judgment of humidity stabilization, it is recommended to put a humidity  
monitor in the test chamber, or to monitor the impedance of the humidity 
sensor.  In both of the cases, measurement is to start after confirming 
that the readings of the monitors are stabilized.  A time for stabilization 
is dependant to the ambient humidity and a kind of salt, but it may take 
one to several hours in the worst case.  

 
3) For temperature dependency tests, the test box is to be put in a thermo- 

hygrostat chamber, and the impedance is measured after temperature in 
the thermo-hygrostat chamber is stabilized.  As it also would take a 
longer time to get the temperature stabilized, the afore-mentioned 
monitoring measures are to be taken.    

 
4) The state of a saturated salt gets changed as time passes by repeating 

hydration and dehydration.  As shown in the "How to make saturated 
salts - (2)", the saturated salt is to keep the "Half-melted sorbet state" by 
adding deionized water or gentle-drying.  This is very important for 
accurate measurement results.  

SUNSTAR传感与控制 http://www.sensor-ic.com/ TEL:0755-83376549 FAX:0755-83376182 E-MAIL:szss20@163.com

SUNSTAR自动化 http://www.sensor-ic.com/ TEL: 0755-83376489 FAX:0755-83376182 E-MAIL:szss20@163.com



Since 1941

NEMOTO & CO.,LTD
4-10-9, Takaido Higashi, Suginami-ku, Tokyo   Japan
Tel. 81-3-3333-7341   Fax. 81-3-3333-7344
e-mail : es-nemoto@nemoto.co.jp  

 - 26 -

(8-3) Test using a thermo-hygrostat chamber 
 
 It is possible to simply evaluate the characteristics of humidity sensors and 
units using a thermo-hygrostat chamber.  However very accurate results would 
not be expected.  We therefore do NOT recommend this method, but this may be 
convenient to get rough evaluation results.   
The following are remarks for this method.     
 

1) Generally, in a thermo-hygrostat chamber, deionized water placed on a 
evaporator is heated up to generate water vapors and the humidified air 
is compulsorily circulated in the chamber.  As the humidity is controlled 
by on-off of the heater, the humidity of the circulated air always varies by 
± 5 ∼ 10%RH even if the indicator shows a stable reading.  Therefore the 
sensor output may widely vary when the circulated air is blown directly 
onto the sensor.  In order to avoid this phenomenon, the sensor is to be 
covered with a large hood, or a separate container having an opening is 
put in the thermo-hygrostat chamber.  Test samples are placed inside of 
this separate container for measurement.  Even though such measures 
are taken, very accurate tests results would not be expected.  

 
2) Just only for evaluation of sensors and units whether they are within the 

specifications or not, you may use standard humidity sensors that have 
been accurately measured beforehand.  These sensors are used as upper 
and lower limit samples and are measured together with test samples in 
a thermo-hygrostat chamber.  It may happen that inaccurate results are 
obtained if there is a difference in the response speed of the standard 
sensors and the test samples.   
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9) Measurement of impedance 
 
(9-1) Using LCR meter 
 
 Impedance of a humidity sensor can be easily measured using LCR meter.   
As shown on the Fig. 9-1, the both lead wires of NHS-12 are connected to the 
input terminals of LCR meter.  This is the most recommendable method for 
measuring the impedance characteristic of the sensor.  Test conditions should be 
1V and 1 KHz.  The measured values are the definite impedance values.   
 
 
 
 
 
 
 
 
 
 
 

Fig. 9-1  Measurement using LCR meter 
 
(9-2) Using sine wave oscillator and AC voltmeter  
 
 Characteristics of a humidity sensor can be evaluated using sine wave 
oscillator and AC voltmeter.  The basic circuit is shown in Fig. 9-2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9-2  Measuring circuit using sine wave oscillator 
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 In case that voltage is directly supplied to a humidity sensor, protective 
resistors (10 KΩ) are to be connected in series.  The impedance (Z) of the sensor 
is illustrated in the following formula 
 
       Z = (Rs x V) / (1 - V)     (Rs = 10 KΩ) 
 
 
(9-3) Using commercial power supply 
 
 In case of using commercial power supply, 100 ∼ 200V, the voltage should be 
reduced to 1V using a transformer.  Fig. 9-3 shows a circuit for this purpose.  
Impedance of the humidity sensor (Z) can be calculated by the formula in (9-2).  
However, generally speaking, the impedance may differ from the standard 
characteristics (1 KHz) in the frequency ranges lower than 100 Hz.  This circuit 
is helpful for rough evaluations but does not give accurate results. 
We therefore do NOT recommend this method. 
 
 

 
Fig. 9-3  Measuring circuit using commercial power supply 
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10) Remarks: 
 
 * Do not disassemble sensors.  The polymeric humidity sensing layer that 

is formed on the electrode is very soft and fragile.  Please do not touch 
the layer otherwise proper functions may not be expected. 

* Do not blow water vapors, water, organic solvents, paints, or oils directly on to 
the sensor.  

* Keep the sensor away from corrosive gases and high concentration of organic 
solvent.  If your product may be used under severe conditions, please consult 
us for assistance.  

* Do not insert a foreign object into the vent hole of the sensor.  Damaged 
polymer layer would not work properly.  

* NHS-12 is durable enough under high temperature/humidity or dew 
condensation conditions, but storage for a too long time under too severe 
conditions may cause improper functions.  

 
 Remarks for measurement 
 
* NHS-12 is not operated with DC.  Please use the rated AC.  
* Refrain from using a regular tester for measurement on NHS-12.  DC 

current may damage the sensor.  Please measure properly as mentioned in 
the 9) Measurement of impedance.  

 
 
 Remarks for mounting 
 
* NHS-12 is to be mounted on a PCB in a location kept away from water or 

water vapors.   
* The polymeric humidity sensing layer may be damaged at 100oC or more.  

Refrain from using re-flow soldering systems.  
* NHS-12 works properly regardless of positioning (upright or upside down). 

However for the best reliability, NHS-12 is to be placed at the right location 
with the right positioning.   
Please refer to the 7) Mounting NHS-12 onto devices.   

 
 

 Should you need further information or have questions, please feel free to 
contact us.  Our engineers should be happy to assist you.  
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 SUNSTAR商斯达实业集团是集研发、生产、工程、销售、代理经销 、技术咨询、信息服务等为一体的高

科技企业，是专业高科技电子产品生产厂家，是具有 10 多年历史的专业电子元器件供应商，是中国最早和

最大的仓储式连锁规模经营大型综合电子零部件代理分销商之一,是一家专业代理和分銷世界各大品牌IC
芯片和電子元器件的连锁经营綜合性国际公司。在香港、北京、深圳、上海、西安、成都等全国主要电子

市场设有直属分公司和产品展示展销窗口门市部专卖店及代理分销商，已在全国范围内建成强大统一的供

货和代理分销网络。 我们专业代理经销、开发生产电子元器件、集成电路、传感器、微波光电元器件、工

控机/DOC/DOM电子盘、专用电路、单片机开发、MCU/DSP/ARM/FPGA软件硬件、二极管、三极管、模

块等，是您可靠的一站式现货配套供应商、方案提供商、部件功能模块开发配套商。专业以现代信息产业

（计算机、通讯及传感器）三大支柱之一的传感器为主营业务，专业经营各类传感器的代理、销售生产、

网络信息、科技图书资料及配套产品设计、工程开发。我们的专业网站——中国传感器科技信息网（全球

传感器数据库） www.SENSOR-IC.COM 服务于全球高科技生产商及贸易商，为企业科技产品开发提供技

术交流平台。欢迎各厂商互通有无、交换信息、交换链接、发布寻求代理信息。欢迎国外高科技传感器、

变送器、执行器、自动控制产品厂商介绍产品到 中国，共同开拓市场。本网站是关于各种传感器-变送器-

仪器仪表及工业自动化大型专业网站,深入到工业控制、系统工程计 测计量、自动化、安防报警、消费电

子等众多领域，把最新的传感器-变送器-仪器仪表买卖信息,最新技术供求,最新采购商,行业动态，发展方

向，最新的技术应用和市场资讯及时的传递给广大科技开发、科学研究、产品设计人员。本网站已成功为

石油、化工、电力、医药、生物、航空、航天、国防、能源、冶金、电子、工业、农业、交通、汽车、矿

山、煤炭、纺织、信息、通信、IT、安防、环保、印刷、科研、气象、仪器仪表等领域从事科学研究、产

品设计、开发、生产制造的科技人员、管理人员 、和采购人员提供满意服务。 我公司专业开发生产、代

理、经销、销售各种传感器、变送器、敏感元器件、开关、执行器、仪器仪表、自动化控制系统： 专门从

事设计、生产、销售各种传感器、变送器、各种测控仪表、热工仪表、现场控制器、计算机控制系统、数

据采集系统、各类环境监控系统、专用控制系统应用软件以及嵌入式系统开发及应用等工作。如热敏电阻、

压敏电阻、温度传感器、温度变送器、湿度传感器、 湿度变送器、气体传感器、 气体变送器、压力传感

器、 压力变送、称重传感器、物（液）位传感器、物（液）位变送器、流量传感器、 流量变送器、电流

（压）传感器、溶氧传感器、霍尔传感器 、图像传感器、超声波传感器、位移传感器、速度传感器、加速

度传感器、扭距传感器、红外传感器、紫外传感器、 火焰传感器、激光传感器、振动传感器、轴角传感器、

光电传感器、接近传感器、干簧管传感器、继电器传感器、微型电泵、磁敏（阻）传感器 、压力开关、接

近开关、光电开关、色标传感器、光纤传感器、齿轮测速传感器、 时间继电器、计数器、计米器、温控仪、

固态继电器、调压模块、电磁铁、电压表、电流表等特殊传感器 。 同时承接传感器应用电路、产品设计

和自动化工程项目。 

更多产品请看本公司产品专用销售网站: 

商斯达中国传感器科技信息网：http://www.sensor-ic.com/

商斯达工控安防网：http://www.pc-ps.net/

商斯达电子 元器件网：http://www.sunstare.com/

商斯达微波光电产品网:HTTP://www.rfoe.net/

商斯达消费电子产品网://www.icasic.com/

商斯达军工产品网:http://www.junpinic.com/

商斯达实业科技产品网://www.sunstars.cn/传感器销售热线： 

    地址：深圳市福田区福华路福庆街鸿图大厦 1602 室 

    电话：0755-83607652 83376489 83376549 83370250   83370251   82500323 

    传真：0755-83376182  （0）13902971329  MSN: SUNS8888@hotmail.com

    邮编：518033   E-mail:szss20@163.com     QQ: 195847376 

    深圳赛格展销部：深圳华强北路赛格电子市场 2583 号 电话：0755-83665529   25059422 

    技术支持: 0755-83394033 13501568376 

欢迎索取免费详细资料、设计指南和光盘 ；产品凡多，未能尽录，欢迎来电查询。 
    北京分公司：北京海淀区知春路 132 号中发电子大厦 3097 号 
               TEL：010-81159046  82615020  13501189838  FAX：010-62543996   
    上海分公司：上海市北京东路 668 号上海賽格电子市场 D125 号  
               TEL：021-28311762  56703037  13701955389  FAX：021-56703037 
    西安分公司：西安高新开发区 20 所(中国电子科技集团导航技术研究所)   
           西安劳动南路 88 号电子商城二楼 D23 号   

            TEL：029-81022619  13072977981  FAX:029-88789382 
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