CALIBRATING THE HIH-3610 HUMIDITY SENSOR USING VARIABLE AIR DENSITY

INTRODUCTION:

Honeywell offers a popular Relative Humidity (RH) sensor that measures the full 0% to 100% RH range. As normally supplied, the HIH-3610 is specified to be within (5% RH, but is available with optional calibration to (2% RH. The actual sensing element of the HIH-3610 is a vertically stacked capacitor with a solid polymer dielectric that readily absorbs and de-sorbs H20 molecules (water vapor). This polymer is separated from the outside world by a permeable membrane that serves as the outer conductive plate of the capacitor. See Figure 1 for a sectional view through the capacitor portion of the Honeywell sensor. The two Platinum layers and intervening polymer layer form the actual capacitor as illustrated by the variable capacitor symbol. The outermost polymer layer serves as a shield to protect the sensing element from contamination.

Functionally, a change in dielectric constant due to the water content of the polymer varies the capacitance value of the sensor in direct response to the RH of the environment to which it is exposed. On-chip switched capacitor conditioning circuitry generates an ideal ratiometric analog output voltage that ranges from 0.800V at 0% RH to 3.900V at 100% RH when powered from a 5V supply. A low level 30mV pk-pk squarewave of approximately 2 KHz generated by the signal conditioning circuitry is superimposed on the DC output voltage that requires filtering either in hardware or software. 
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Figure 1 A sectional view of the Honeywell HIH-3610 capacitive based RH sensor (not to scale).

To calibrate the sensor, Honeywell mounts 500 HIH-3610s inside a sealed chamber and records their individual outputs at five discrete RH settings in the sequence, 0% RH; 75.3% RH; 94% RH; 53% RH; and 0% RH at ambient temperature. This requires one wire for each HIH-3610 output, plus one common wire each for power and ground giving a total of 502 wires. The entire cycle typically requires five hours per run adding significant cost to the sensor. The calibration equipment used consists of a commercial two-pressure dual-chamber with water jacket that runs $30,000. While there is a strong interest in using this part as the RH sensing element in a 1-Wire humidity sensor, there are questions regarding the cost of calibrating them in production. Accordingly, there is interest in locating a lower cost calibration method with improved throughput suitable for a manufacturing environment.

Since a proposed calibration method requires that the sensing element of the HIH-3610 not be pressure sensitive, two simple tests were run to determine if the HIH-3610 met this condition. Variable mechanical pressure was applied directly to the sensing element of the HIH-3610 while its data was being logged using iButton Viewer. No change was noted beyond the normal signal noise level. In a second test, increasing or decreasing the atmospheric pressure within a sealed container varied the RH reading reported as predicted, but produced no observable effects due to pressure. RH data obtained during the experiment matched the calibrated values supplied by Honeywell. In response to a direct question as to whether the RH sensor is affected by pressure, Honeywell stated that the HIH-3610 is not sensitive to pressure over a range from “vacuum” to the 2700 psi used inside scuba divers Oxygen tanks.

The proposed new calibration method makes some reasonable assumptions such as; given a certain quantity of water molecules in a fixed volume of air, varying the size of the fixed volume only alters the density of the water molecules not their number. It is also based on some seemingly obvious hypotheses. For example, if a portion of the water vapor/air mixture is removed from the original fixed volume, the water molecule density decreases creating a negative partial pressure that draws water molecules out of the sensor until equilibrium is re-established. Partial pressure is the force per unit area that would be exerted by the water vapor alone. Analogously, if the original volume is expanded, the density of water molecules likewise decreases with similar results. Accordingly, lowering the number of water molecules seen by the HIH-3610 by removing them from a fixed volume or by varying the volume to decrease their density is equivalent. The significance is that both conditions are equivalent to decreasing relative humidity to a lower value.

Conversely, if a water vapor/air mixture is added to the original fixed volume, the density of water molecules increases creating a positive partial pressure that forces water molecules into the sensor until equilibrium is re-established. Analogously, if the original volume is reduced, the density of water molecules likewise increases with similar results. It follows then, that increasing the number of water molecules seen by the RH sensor either by adding to the fixed volume or by varying that volume to increase water vapor density is equivalent. From the perspective of the sensing capacitor, the two conditions are equivalent to raising RH to a higher value.
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On the basis of the preceding arguments, a new method of calibrating the HIH-3610 is proposed that varies RH by removing or adding ambient air to a pressure chamber. A proof of concept test was run using a 1-Wire humidity sensor based on a DS2438 ADC and HIH-3610 calibrated by Honeywell to (2% RH. Using a hand pump to decrease and increase the pressure from ambient, the same output voltage and RH were reported at the 75.3% RH reference calibration point as that given by Honeywell. The calculated Y intercept for 0% RH was .799V compared to the Honeywell supplied value of .807V, well within the specified (2% accuracy. Figure 2 shows the graph for the unit compared to the ideal curve.

Figure 2 Comparison of HIH-3610 calibration data taken using the new method. Honeywell cal data and the ideal response curve are also shown.
SUMMARY:

The HIH-3610 is a secondary standard that does not directly measure RH, but works by sensing the partial pressure of water molecules across its outer permeable membrane. A difference in the number of water molecules on either side of this membrane creates a pressure differential that causes water molecules to diffuse from the higher concentration to the lower. This flow continues until the partial pressure of the water molecules across the permeable membrane reaches equilibrium. In effect, the HIH-3610 measures the density of water molecules in its immediate environment from which RH is calculated according to a Honeywell supplied equation. Since the sensor has been shown not to be sensitive to either mechanical or barometric pressure, no compensation is required for altitude or ambient pressure variation within the range of interest. This opens the door to calibrating the sensors by varying the atmospheric density within a closed chamber using a vacuum pump or compressor.

The preferred methodology would be to seal the chamber and record the readings of one or more NIST traceable reference units plus many uncalibrated RH sensors under test. The atmosphere within the chamber would then be reduced with a vacuum pump until the reference units reported 0% RH. The output voltage reported by the uncalibrated units would then be recorded as the offset value and the slope calculated from this value and the value previously recorded at the start of the test. If a dew-point sensor is used as the primary NIST traceable reference, the Y-intercept would also have to be calculated unless some other reference unit was included in the chamber since dew-point sensors are only useful down to about 5% RH. The resulting calibration numbers would then be stored within the DS2438 ADC on-board memory or by other appropriate means. A significant and valuable feature of this calibration technique is that all the sensors within the sealed chamber would experience the same RH as the water vapor density would be equal everywhere. Conversely, in the methods currently in use whereby the humidity is varied by means described above and used by Honeywell, or by establishing a known RH by the use of the partial pressure produced by certain reagent grade salts, RH varies by position within the enclosure.

Alternatively, and for improved accuracy of calibration, additional data points can be taken over the entire RH range by increasing the pressure inside the chamber with a compressor. In the limit, chamber temperature can also be varied to obtain a complete three-dimensional picture of the humidity sensor’s performance.
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