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Abstract

A new relative humidity and air temperature sensor, the Sensirion Model SHT1, has been
thoroughly tested by the Upper Ocean Processes (UOP) group at the Woods Hole Oceanographic
Institution. One-minute averages from two of the sensors, as well as a Vaisala HMP45A, were
recorded for over a year. A third Sensirion sensor was kept in the laboratory and calibrated at
monthly intervals with the other three sensors. The standard deviation of the difference in
relative humidity between the Sensirion sensors and the Vaisala was about 2%RH. The
difference in air temperature was about 0.2°C. Drift rates in relative humidity for the two
Sensirion sensors were 2.7% RH/yr and -0.3% RH/yr, and in air temperature, 0.1°C/yr and
0/3°C/yr. Because one of the two Sensirion sensors deployed outside had significant variations in
its calibration, the UOP group will not adopt these sensors. However, their very small size, low-
cost, and low-power requirements may make them desirable for other uses.
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1. Introduction

The Upper Ocean Processes (UOP) group deploys a suite of meteorological modules on
ships and buoys, which, with the sensors that have been selected for them, record climate
quality data. From the beginning, the UOP group has been alert for improved sensors.
New versions of the Vaisala relative humidity sensor and several barometric pressure
sensors have been investigated for possible use in the ASIMET modules. In 2002, a new
relative humidity sensor developed and manufactured in Switzerland by a new company,
Sensirion, was discovered. The sales agent in the United States for Sensirion is Onset
Computer Corporation in Bourne, Massachusetts.

2. Sensors

To make trials simple, Sensirion sells a kit with a supply power, a digital communications
board and several sample sensors for $300. The UOP group purchased three, packaging
two in IMET titanium cases and keeping the third inside the laboratory as a control.
Figure 1 is a photo of the sensor package version, which was tested as installed in a
plastic mount originally designed for Vaisala sensors. The mount includes a porous
polyethylene plastic shield, which protects the sensor from rain and dirt. The Sensirion
sensor is small and contains a relative humidity (RH) sensor, an air temperature (AT)
sensor, a processor and memory, and digital communications hardware. It is capable of
storing calibration coefficients, computing RH and AT in engineering units and
responding to digital requests for data. The sensor alone, without the power supply and
communications board costs approximately $30. Appendix A contains the specification
sheet from Sensirion. Sensirion lists two models in the configuration used, SHT11 and
SHT15, that differ only in their specified accuracies. The stated accuracies are given in
Table 1.

Table 1: Specifications for SHT11 and SHT15 sensors.

Model RH Range T Range RH accuracy T accuracy
SHT11 0-100%RH  -40to 120°C +3.5%RH +0.5°C @ 25°C
SHT15 0-100%RH  -40to 120°C +2 %RH +0.4°C @ 5-40°C

3. The Experiment

In November 2002, one Sensirion SHTI11 sensor (S15002) and one SHTI15 sensor
(S15001) with their communications boards were mounted in two ASIMET module
titanium cases at the tower test site as shown in Figure 2. Two DOS computers were
mounted in a shed behind the mounting rack and cables run to them. A QuickBasic
program on each PC put the sensor in automatic output mode, yielding a data record
approximately 85 times per minute. The program accumulated the data, recording one-
minute averages. Raw counts were recorded instead of computed parameters in order to
have flexibility in applying calibration constants. Also mounted on the rack was an



ASIMET relative humidity module, serial number HRH205, containing a Vaisala
HMP45A sensor.

All three sensors were protected from solar radiation by multiplate shields, manufactured
by R. M. Young. The ASIMET module recorded one-minute averages internally, which
were used as a comparison standard. One Sensirion sensor, S15003 (SHT15), was kept in
the laboratory through the whole field period and calibrated with the field sensors to look
for different aging in the field sensors.

At approximately weekly intervals the data files were retrieved from the DOS computers,
and at approximately monthly intervals all three units were brought inside, the data
down-loaded from the HRH205 module, and all sensors calibrated. The new calibration
constants were entered into the HRH205 module so that its readings would be as accurate
as possible. The SHT15 kept in the lab (S15003) failed during the 25 September 2003
temperature calibration due to flooding in the water bath, and it did not work again.

Figures 3 and 4 show hourly averages of the relative humidity and air temperature,
respectively, from the three units for the whole year. There are two major gaps: during
the first gap, year day 368-402, the HRH205 failed to record data; during the second, year
day 453-499, incorrect air temperature constants were entered into the HRH205.

4. Calibrations

All three Sensirion sensors and the Vaisala sensor (with its module electronics) were
calibrated for relative humidity in the Thunder Scientific Model 2500 calibration
chamber. This has an accuracy of £0.5%RH and a range of 10-95%RH. They were also
calibrated for temperature over the range 0-35°C in a Hart calibration water bath using a
Seabird Electronics Model SBE35 temperature standard, which has an absolute accuracy
of ImK. In total there were 11 calibrations at approximately monthly intervals.

5. Time Series Results

The UOP group is interested in both the accuracy of the Sensirion sensors relative to the
Vaisala HMP45A and their long-term stability. By revising the HRH205 constants with
each calibration we expected to avoid any problems with long-term stability of the
Vaisala sensor. The Sensirion data were processed using the initial calibration, October 2-
3, 2002, in order to look at the long-term drift. Because the Vaisala HMP45A was found
to have a fairly noisy air temperature signal, only one-hour averaged data were used in
the analysis.

For an overall view, we will ignore the variation with time and will look at the scatter
plots of the whole data set. Figures 5-8 are plots of HRH205 vs. the Sensirion sensors.
Table 2 shows the equations and standard deviations of the fits.



Table 2: Statistics of fit of scatter plots.

Plot Par Sensor Fit Equation Std. Dev.
Fig.5 RH S15001(SHT15) RHpygrmzos =-2.05 +0.95623 * RHgis001 1.76%RH
Fig. 6 RH S15002(SHT11) RHpygrmuz0s = -3.88 + 1.00249 * RHg15002 2.01%RH
Fig. 7 AT S15001(SHT15) ATuru2os =-0.19 +0.99941 * ATgis001 0.17°C
Fig. 8 AT S15002(SHT11) ATuruos =-0.51 +0.98845 * ATgi5002 0.21°C

Overall, then, the Sensirion data fit the Vaisala data within approximately 2%RH and
0.2°C. Since these numbers are within the accuracy claims of both Sensirion and Vaisala,
they probably represent the accuracy with which the two sensors can be compared under
field conditions.

Looking at it a different way, Figures 9-12 show the time series of the differences with

HRH205 with a least squares linear fit of difference to year day. Table 3 summarizes the
results.

Table 3: Drift relative to HRH205.

Plot Par  Sensor Fit equation Std. Dev. Drift Rate

Fig.9 RH S15001 ARH=2.01+0.00728 * YD 1.77%RH 2.7%RH/yr
Fig. 10 RH S15002 ARH=4.09-7.95E-4* YD 2.01%RH -0.3%RH/yr
Fig. 11 AT S15001 AAT=0.26-135E-4*YD 0.17°C 0.1°C/yr
Fig. 12 AT S15002 AAT=0.19+8.81E-4*YD 0.22°C 0.3°Clyr

Only S15001 RH has a significant drift rate.

6. Calibration Shifts

We can also look at the drift in calibrations. To do this, a set of nominal counts were
computed. These yield the nominal calibration relative humidity values when substituted
into the calibration equation derived for the sensor from the first calibration. This was
done at 10%RH intervals from 20% to 90%RH, and at 5°C intervals from 0°C to 35°C.
Using these count values, relative humidity was computed from the other calibrations for
each sensor. Figures 13-16 are plots of the difference between the relative humidity
values computed from the nominal counts and the nominal humidity values (relative
humidity difference) against relative humidity. S15001 and S15002 show little change at
low values of relative humidity, but their response tends to decrease through the test
period. S15003 has a somewhat similar behavior, but the differences do not get as large
(recall that S15003 was kept in the laboratory). The Vaisala in HRH205 varied much less,
and less systematically, over the course of the comparison.



Figures 17-20 show another way of looking at the same numbers, plotting relative
humidity difference against calibration date. Again, Figures 17 and 18 show that S15001
and S15002 had differences, which increased with time and increasing values of relative
humidity. In Figure 19, S15003 behaves similarly but to a smaller degree. In Figure 20,
the Vaisala sensor in HRH205 has a smaller shift, which does not vary systematically
with date or relative humidity value.

Figures 21-24 are similar to Figures 13-16 except for air temperature. Sensor S15001, in
Figure 21, has low drift and does not show a consistent pattern. Sensor S15003, in

Figure 22, shows a consistent, although not monotonic, shift in calibration with date.
Except for a bad point in the April 2003 calibration of S15003, it shows less than a 0.1°C
variation in calibration through its last calibration in August 2003. The Vaisala in
HRH205 shows 0.2°C or less variation in temperature calibration through the whole year.

Figures 25-28 show the calibrations vs. calibration date for temperature, similar to
Figures 17-20 for relative humidity. For S15001, calibration variation is highest for the
January to May 2003 period and decreases toward the end of the deployment. S15002
also shows maximum variation in the middle of the year. With the exception of one bad
point, S15003 has low variation through the whole year. HRH205 has minimum variation
through the middle of the year.

7. Conclusion

Of the three Sensirion sensors, the one kept inside and one of the two deployed outside
showed excellent calibration stability and accuracy in both relative humidity and
temperature. However, the S15002 had significant variations in calibration. Because of
the experience with this sensor, the UOP group will not adopt the Sensirion sensor for the
ASIMET HRH module. For users with more modest or shorter term accuracy
requirements, the Sensirion SHT11 or SHT15 might well be worth looking at. Although
communications circuitry and software must be developed for an embedded application,
the sensors themselves cost approximately $30 each. Their very small size might be
appealing in some applications.
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Figure 1: Sensirion sensor in plastic housing with porous cap.



Figure 2: Two Sensirion sensors and one Vaisala sensor mounted for field tests.
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Figure 14: S15002 relative humidity calibration history vs. relative humidity.
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Figure 15: S15003 relative humidity calibration history vs. relative humidity.
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Figure 16: Vaisala relative humidity calibration history vs. relative humidity.
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Figure 17: S15001 relative humidity calibration history vs. time.
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Figure 18: S15002 relative humidity calibration history vs. time.
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Figure 19: S15003 relative humidity calibration history vs. time.
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Figure 20: Vaisala relative humidity calibration history vs. time.
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Figure 21: S15001 air temperature calibration history vs. relative humidity.
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Figure 22: S15002 air temperature calibration history vs. relative humidity.
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Figure 23: S15003 air temperature calibration history vs. relative humidity.
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Figure 24: Vaisala air temperature calibration history vs. relative humidity.
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Figure 25: S15001 air temperature calibration history vs. time.
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Figure 26: S15002 air temperature calibration history vs. time.
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Figure 27: S15003 air temperature calibration history vs. time.
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Figure 28: Vaisala air temperature calibration history vs. time.
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Appendix A

SE__NSIRION
SHT1x I SHTTX THE SENSOR COMPANY
Humidity & Temperature Sensor
y I SHT7x
Evaluation Kit
Available

_ Relative humidity and temperature sensors

_ Dew point

_ Fully calibrated, digital output

_ Excellent long-term stability

_ No external components required

_ Ultra low power consumption

_ Surface mountable or 4-pin fully interchangeable
_ Small size

 Automatic power down

SHT1x/ SHT7x Product Summary

The SHTxx is a single chip relatve humidity and
temperature multi sensor module comprising a calibrated
digital output. Application of industrial CMOS processes with
patented micro-machining (CMOSens® technology) ensures
highest reliability and excellent long term stability. The
device includes a capacitive polymer sensing element for
relative humidity and a bandgap temperature sensor. Both
are seamlessly coupled to a 14bit analog to digital converter
and a serial interface circuit on the same chip. This resuits in
superior signal quality, a fast response time and insensitivity
to external disturbances (EMC) at a very competitive price.

Each SHTxx is individually calibrated in a precision humidity
chamber with a chilled mirror hygrometer as reference. The

calibration coefficients are programmed into the OTP
memory. These coefficients are used internally durng
measurements to calibrate the signals from the sensors.
The 2-wire serial interface and intemnal voltage regulation
allows easy and fast system integration. Its tiny size and low
power consumption makes it the ultimate choice for even
the most demanding applications.

The device is supplied in either a surface-mountable LCC
(Leadless Chip Carrier) or as a pluggable 4-pin single-in-line
type package. Customer specific packaging options may be
available on request.

Applications Block Diagram
~ HVAC  Test & Measurement
_ Automotive _ Data Logging
_ Consumer Goods _ Automation i | i | e
_ Weather Stations ~ White Goods Sensar e I
_ Humidifiers  Medical
_ Dehumidifiers & D"‘Lt:z *
i % D Intertace
£ & &
; . i A CRC
Ordering Information i)
. "
Humidity | Temperature e - v
Part CROSans
Number | #6Curacy accuracy |Package
[*%RH] [°C]
SHT11 435 |+05@ 25°c [SMD (LCC)
SHT15 420 [+0.4 @4&40°c [ SMD (LCC)
SHT71 35 |[+05@ 25°C |4-pin single-in-ine
SHT75 420 | 104 @540 °C [4pin single-in-ine
W SENSINON Cam Sensinon, Eggbuhlstr 14, 8052 Zunch, Switzerland, Tel +41 1 306 40 00, Fax. +41 1306 40 30 w2
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1 Sensor Performance Specifications

|Parameter | Conditions | Min. | Typ.| Max. | Units
Humidity
Resolution ©) 0.5 )10.03| 0.03 | %RH
B[] 2 bit
|Repeatability +0.1 %RH
Accuracy linearized see figure 1
Uncertainty
Interchangeability Fully interchangeable
Nonlinearity raw data +3 %RH
linearized << YeRH
Range 0 100 | %RH
Response time 1/e (63%) 4 s
slowly mowving air
Hysteresis +1 YRH
Long term stability|  typical YeRHlyr
Temperature
Resolution @ 0.04(0.01]001| °C
0.07(0.02| 002 | °F
12 |14 ] 14 bit
Repeatability 0.1 °C
+0.2 2
Accuracy see figure 1
Range -40 1238 °C
-40 2549 °F
Response Time /e (63% | 5 30 s
Table1  Sensor Performance Specificatons
2 Interface Specifications
wdd
GND
uC | 7 para 1 ﬁ SHT1x
{master) SoR ! ' (slave)
Vdd 24 -5 5V

Figure 2 Typical application circut

2.1 Power Pins

The SHTx requires a voltage supply between 24 and 5.5 V.
After powerup the device needs 11ms to reach its “sleep”
state. No commands should be sent before that tme.

Power supply pins (VDD, GND) may be decoupled with a
100 nF capacitor.

2.2 Serial Interface (Bidirectional 2-wire)

The serial interface of the SHTxx is optimized for sensor
readout and power consumption and is not compatible with
I?C interfaces, see FAQ for details.

Relative Humidity absolute accuracy

%RH

5 -

s ‘.‘\ SHT11/71 s
234N 7
oo 10 SHT15/75 _____/
£1

0

%RH
0 100

B T T e = e B
U 10 20 30 40 50 60 70 80 ®0

b Temperature accuracy

£54°F

-

£1°C - _,-’ £18°F
-] # = SHT15/75
0°c T L 7 L P L L L s
-40°C o 0°C 80°C 120°C
-20°F 3F 104°F 176°F MEF
o Dewpoint accuracy @25°C (typical) £D.0°F
14 °C £7.2°F
+3°C — +54°F
264 SHT11/7T1 s
#1°C L = :18°F
BHTIYIS [T o
10 °C ™ %RH

N PO S R SR SUNE S N |
0 10 20 3¢ 40 50 60 70 80 90 100

Figure 1 Rel Humidity, Temperature and Dewpoint accuracies

221 Senalclock input (SCK)

The SCK is used to synchronize the communication between
a microcontroller and the SHTxx Since the interface
consists of fully static logic there is no minimum SCK
frequency.

222 Seral data (DATA)

The DATA tristate pin is used to transfer data in and out of
the device. DATA changes after the falling edge and is
valid on the rising edge of the serial clock SCK. During
transmission the DATA line must remain stable while SCK is
high. To avoid signal contention the microcontroller should
only drive DATA low. An external pull-up resistor (¢ g 10 k())
is required to pull the signal high. (See Figure 2) Pull-up
resistors are often included in /O circuits of microcontrollers.
See Table 5 for detailed 10 characteristics.

M Each SHTot is tested to be fully within RH accuracy specifications at 26 °C (77 °F) and 48 °C (1184 °F)
# The default mezsurement resalution of 14bit (temperature) and 12bit (humidity) can be reduced to 12 and 8 bt through the status register

WY SENSINON.Com
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223 Sending a command

To initiate a transmission, a “Transmission Start” sequence
has to be issued. It consists of a lowering of the DATA line
while SCK is high, followed by a low pulse on SCK and
raising DATA again while SCK is still high.

DATA * )
- ] N b N
Figure 3 'Transmission Start" sequence

The subsequent command consists of three address bits
{only "000” is currently supported) and five command bits.
The SHTxx indicates the proper reception of a command by
pulling the DATA pin low (ACK bit) after the falling edge of
the 8th SCK clock. The DATA line is released (and goes
high) after the falling edge of the 9th SCK clock.

Command Code
Reserved 0000x
Measure Temperature 00011
Measure Humidity 00101

Read Status Register 00111

Write Status Register 00110
Reserved 0101x-1110x
Soft reset, resets the interface, clears the | 11110
status register to default values

wiait minimum 11 ms before next command

Table2 SHTxxlist ofcommands

224 Measurement sequence (RH and T)

After issuing a measurement command ('00000101" for RH,
‘00000011’ for Temperature) the controller has to wait for the
measurement to complete. This takes approximately
11/55/210 ms for a 8/12/14bit measurement. The exact time
varies by up to +15%with the speed of the internal oscillator.
To signal the completion of a measurement, the SHTxx pulls
down the data line. The controller must wiait for this “data
ready” signal before starting to toggle SCK again.

Transmission StTn Address="000"

sck W\J\ﬂ
Measurement is Timeh ed when the

Command='00101'

| | | .
az ag | ce c3 €1 ca_ | ask ~55ms for 12 bit
VAYAVAVAY Vi |

c2

Two bytes of measurement data and one byte of CRC
checksum will then be transmitted. The uC must
acknowledge each byte by pulling the DATA line low. All
values are M3B first, right justified. (e.g the 5" SCK is MSB
for a 12bit value, for a 8bit result the first byte is not used).
Communication temminates after the acknowledge bit of the
CRC data. If CRC-8 checksum is not used the controller may
terminate the communication after the measurement data
LSB by keeping ack high.

The device automatically returns to sleep mode after the
measurement and communication have ended.

Warning: To keep self heating below 0.1 °C the SHTxx
should not be active for more than 15% of the time
(e.g. max. 3 measurements / second for 12bit accuracy).

225 Connection reset sequence

If communication with the device is lost the following signal
sequence will reset its serial interface:

While leaving DATA high, toggle SCK 9 or more times. This
must be followed by a “Transmission Stat” sequence
preceding the next command. This sequence resets the
interface only. The status register preserves its content.

DATA

Figure 4 Connection reset sequence

226 CRC-8 Checksum calculation

The whole digital transmission is secured by a 8 bit
checksum. It ensures that any wrong data can be detected
and eliminated.

Please consult application note ‘CRC-8 Checksum
Calculation” for information on how to calculate the CRC.

Bold = SHT1:a¢ controls DATA line
| | & Piain = uC controls DATA iine

|
: ~1mstfor & bk
Skp acim;h_dq_d_lc;&nd o nsimissicn

12 bit humidity data ol i sl

_ _BHTxx pulls down the DATA line
DATA
CRC-8 Checksum ‘
}
|

Figure 5 Examp\e RH measurement sequence ﬁorvalue 00001001 00110001"= 233 =

walt for next measurement

Transmission §tart
s

75.79 %RH (without temperature compensation)

WY SENSINON.Com
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wall for data ready

PRREEEE T T
w
b hd ?4 S ™

x|||\\\|%x|\|\\||§
8§ 198 | |99

Cormmand

Figure 6§ Overview of Measurement Sequence (TS = Transmission Starf)

2.3 Status Register
Some of the advanced functions of the SHTxx are available
through the status register. The following section gives a
brief overview of these features. A more detailed description
is available in the application note "Status Register”

0 AL \ ~ Tstatuk T

000 01 1[0[8;
Muuuu B Reg |||

after switching on the heater, proper functionality of both

sensors can be verified.

¢ In high (>85 %RH) RH environments heating the sensor
element will prevent condensation, improve response
time and accuracy

Warning: While heated the SHTxx will show higher

temperatures and a lower relative humidity than with no

heating.

o 2.4 Electrical Characteristics'"!
Figure 7  Status Register Write VDD=5V, Temperature = 25 °C unless otherwise noted
[Parameter Conditions _[Min. [Typ. [Max. [Units
ﬂ = _.' Powersupply DC 241 5 |55 ¥
Supply cument measunng 550 uA
Command average 20 1288 m
Figure 8 Status Register Read [sleep 03] 1 uA
Lo lewel autput voltage 0 20% |Vidd
BLLType | Dusiriphon Delawt Hgh level output voltage 75% 100% [Vdd
; R ;?:gan (low vollage detedtion) >U< No delault value, e ragen b s
0 for Veld :2‘_“ - o w;’ High level input voltage [Positive going | 80% 100% |Vdd
1 for Vdd <2 47 updaled after a Input current on pads 1 |ps
measirement Output peak current on 4 mA
8 reserved 0 Tristated (off) 10 A
4 reserved 0
3 ot T sing orty, dont uns 5 Tabled  SHTxx DC Charactenslics
2 | RMY | Heater 0 | off
T_|R#_| o rekad Trom OTF 0 | reload Parameter Conditions Min | Typ. Max. | Unit
0 [RM |'1"= 8bitRH /12bit Temperature resolution [0 | 12bit RH Fsck |SCK frequency DD >46V 10 [MH
0" = 12bit RH / 14kt Temperature resol_utm 14bit Temp VDD <45V 1 IMH
Table 3  Status Register Bits Tero |DATA fall ime  |Oulput load 5 pF 35110 | 20 |ns
) Output load 100 pF | 30 | 40 | 200 |ns
231 Measurement resolution Tou | SGK hiflow time 100 ns
The default measurement resolution of 14bit (temperature) l" 312 “Z’d “;”e = 250 —
and 12bit (humidity) can be reduced to 12 and 8bit. This is 2 - . o
= 3 1 Tho  |DATA hold time 0110 ns
especially useful in high speed or extreme low power T |SCK reofal tme o0 =
applications,
Table5  SHTxx |40 Signals Charactensiics
232 End of Battery
The ‘End of Battery” function detects VDD voltages below | TF
247 V. Accuracy is +0.05 V
233 Heater

An on chip heating element can be switched on. It wil
increase the temperature of the sensor by approximately 5°C
(9 °F). Power consumption will increase by ~8mA @ 5 V.
Applications:

By companng temperature and humidity values before and

I Parameters are penodically sampled and not 100% tested
@ With one measurement of & bit accuracy without OTP reload per second
@ With one measurement of 12bit accuracy per second

DATA

Figure9 Timing Diagram

W SENSINON .com

v2.01 March 2003 49



SHT 1x/ SHT7x Relative Humidity & Temperature Sensor System

SENSIRION

THE SENSOR COMPANY

3 Converting Output to Physical Values

3.1 Relative Humidity

To compensate for the non-linearity of the humidity sensor
and to obtain the full accuracy it is recommended to convert

the readout with the following formula':
2
RH oy = €+, #30g,, +¢; 980y
SOrn €1 c2 2]
12 bit -4 00405 287 10¢
bit -4 0648 127 104
Table 8 Humidity conversion coefficients

For simplified, less computation intense conversion formulas

see application note “RH and Temperature Non-Linearity

Compensation”,

The humidity sensor has no significant voltage dependency.
100%

ool oo Rl

i i i i i i

i ] ' ' ]

i i i i i
T T
DS .. SO T (.

[} ' ] ] ]
20% | ---- z -——.’-——-—#—---:r----4---—1:———

e
wmmndﬁ(ﬂ

Figure 10 Conversion fom SOy to relative hurnidity

311 Compensation of RH/Temperature dependency
For temperatures significantly different from 25 °*C (~77 °F)
the temperature coefficient of the RH sensor should be
considered:

RHyy, = (Toc - 25)8(t; +t, 950g,) +RH

SOrn t1 t
12 bit 001 000008
bit 001 000128
Table 7 Temperature compensation coefficients

This equals ~0.12 %RH/°*C @ 30 %RH

! Where SOru s the sensor output for relative humidity

3.2 Temperature

The bandgap PTAT (Proportional To Absolute Temperature)
temperature sensor is very linear by design. Use the
following formula to convert from digital readout to
temperature:

Temperature = d, +d, «SO;

voD| di[°C] | iR 501 | duf°C] | dal*f
5V | -4000 -4000 14bit 001 |1 0018
4 | 3975 -3950 12bit 004 | 0072

35v] 3066 | 3035

v | 3960 | 3828
25V| -39585 | -3923
Table8  Temperature conversion coefficients

For improved accuracies in extreme temperatures with more
computation intense conversion formulas see application
note “RH and Temperature Non-Linearity Compensation”.

3.3 Dewpoint

Since humidity and temperature are both measured on the
same monolithic chip, the SHTxx allows superb dewpoint
measurements. See application note "Dewpoint calculation”
for more.

WY SENSINON.Com
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4  Applications Information
4.1 Operating and Storage Conditions

[%R
100 L E B “Inlmum operating
80 \‘ conditions
60 Nogmal operating \\
40 conditions \\
| L)
20 1
1[°C]
0 T 1 1 1 1 | | 1
40 -20 0 20 40 60 80 100 120

Figure 11 Recommended operating conditions

Conditions outside the recommended range may temporarily
offset the RH signal up to +3 %RH. After return to nomal
conditions it will slowly retum towards calibration state by
itself. See 4.3 ‘Reconditioning Procedure” to accelerate this
process. Prolonged exposure to extreme conditions may
accelerate ageing.

4.2 Exposure to Chemicals

Vapors may interfere with the polymer layers used for
capacitive humidity sensors. The diffusion of chemicals into
the polymer may cause a shift in both offset and sensitivity.
In a clean environment the contaminants will slowly outgas.
The reconditioning procedure described below will
accelerate this process.

High levels of pollutants may cause pemanent damage to
the sensing polymer.

4.3 Reconditioning Procedure

The following reconditioning procedure will bring the sensor
back to calibration state after exposure to extreme conditions
or chemical vapors,

80-90 °C (176-194°F) at < 5 %RH for 24h (baking) followed by
20-30 °C o-0°r)  at > 74 %RH for 48h (re-hydration)

4.4 Qualifications

Extensive tests were performed in various environments.
Please contact SENSIRION for additional information.

Environment Norm Results®
Temperature JESDZ2-A104-B -40 °C [Within
Cycles /125°C, 1000cy Specifications
HAST JESDZ22-A110-B Reversible shift
Pressure Cooker |2 3bar 125°C 86%RH |by +2 %RH
{Salt Atmosphere  [DIN-5002155 Within Spec
Condensing Air Within Spec
Freezing cycles -20 /+90°C, 100cy Reversible shift
fully submerged  [30min dwell ime by +2 %RH
Various Automotive|DIN 72300-5 Within
Chemicals Specifications
Cigarette smoke  [Equivalent to 15years  |Within

ina mid-size car Specifications
Table9  Qualification tesls [excerpt)

4.5 ESD (Electrostatic Discharge)

ESD immunity is qualified according to MIL STD BB3E,
method 3015 (Human Body Model at +2 kV)).

Latch-up immunity is provided at a force current of +100 mA
with T, = 80 °C according to JEDEC 17.

See application note “ESD, Latchup and EMC” for more
information.

4.6 Temperature Effects

The relative humidity of a gas strongly depends on its
temperature. |t is therefore essential to keep humidity
sensors at the same temperature as the air of which the
relative humidity is to be measured.

If the SHTxx shares a PCB with electronic components that
give off heat it should be mounted far away and below the
heat source and the housing must remain well ventilated.

To reduce heat conduction copper layers between the
SHT1x and the rest of the PCB should be minimized and a
slit may be milled in between, ( See figure 14 )

4.7 Materials Used for Sealing | Mounting

Many materials absorb humidity and will act as a buffer,
increasing response times and hysteresis, Materials in the
vicinity of the sensor must therefore be carefully chosen.
Recommended materials are:

All Metals, LCP, POM (Delrin), PTFE (Teflon), PE, PEEK,
PP, PB, PPS, PSU, PVDF, PVF

For sealing and gluing (use sparingly):

High filled epoxy for electronic packaging (e.g. glob top,
underfill), and Silicone are recommended.

4.8 Membranes

A membrane can be used to prevent dirt from entering the
housing and to protect the sensor. It will also reduce peak
concentrations of chemical vapors. For optimal response
times air volume behind the membrane must be kept to a

49 Light

The SHTxx is not light sensitive. Prolonged direct exposure
to sunshine or strong UV radiation may age the housing.

4.10 Wiring Considerations and Signal Integrity

Carrying the SCK and DATA signal parallel and in close
proximity (e.g. in wires) for more than 10cm may resuit in
cross talk and loss of communication. This may be resolved
by routing VDD and/or GND between the two data signals.
Please see the application note "ESD, Latchup and EMC” for
more information.

Power supply pins (VDD, GND) should be decoupled with a
100 nF capacitor if wires are used.

M The te mperature sensor passed all tests without any detectable dift. Package and electronics also passed 100%

WY SENSINON.Com
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5 Package Information
5.1 SHT1x (surface mountable)

Table 10 SHT 1x Fin Descnplion

5.1.1  Package type

The SHT1x is supplied in a surface-mountable LCC
(Leadless Chip Carrier) type package. The sensors housing
consists of a Liquid Crystal Polymer (LCP) cap with epoxy
glob top on a standard 0.8 mm FR4 substrate. The device is
free of lead, Cd and Hg.

Device size is 7.42 x 4.88 x 2.5 mm (0.29 x 0.19 x 0.1 inch)
Weight 100 mg

The production date is printed onto the cap in white numbers
in the form wwy. e.g. "351" = week 35, 2001.
5.1.2  Delivery Conditions

The SHT 1x are shipped in standard IC tubes by 80 units per
tube or in 12mm tape. Reels are individually labelled with

barcode and human readable labels.
(XN RN ]
1 Iﬂﬁ

h Z Legdar Txge
ot

Figure 12 Tape configuration and unit onentation

|
GL00y 00 F0Co0s

nfejdail. faf ]

Companents

Teaiter T

Pl e 1 Coraaant 5.1.3 Mounting Examples
1 __|GND Ground
2 | DATA Serial data, bidirectional
3 |SCX Serial clock, input
4 VDD Supply 24 -55 V
NC Remaining pins must be left unconnected

Slit to minimize heat
transfer from the PCB

Figure 14 SHT1x PCB Mounfing example

5.1.4  Soldening Information

Standard reflow soldering ovens may be used at maximum
235 *C for 20 seconds.

For manual soldering contact time must be limited to 5
seconds at up to 350 °C.

After soldering the devices should be stored at >74 %RH for
at least 24h to allow the polymer to rehydrate.

Please consult the application note “Soldering procedure” for
more information.

Top View Side View Recommended PCB Footprint
1.18 1.9 148
Tu“.tii!{ a7y | e
SERS0r opening v
) é C, = !
- % i
] Al -
=1 L: = = E pa
=l 74 Jls < & -
2E LIz 5|58 :
=15 y&cie(s | FL TTITITIT 1 -3 8 g
§ 1k s
= EE =
= 1
i3
?ﬂﬁ actual size 18 348 (0.137) 18
488 (019) 007" 708 279y 007
Figure 15 SHT 1x drawing and footpnnt dimensions in mm {(inch)
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5.2 SHT7x (4-pin single-in-line)

Comment
Senal clock input
Supply 24-55V

Pin | Name
1 | SCK
2 |VDD
3 |GND Ground

4 | DATA Senal data bidirectional

Table 11 SHT7x Pin Descnplion

521 Package type’

The device is supplied in a single-indine pin type package.
The sensor housing consists of a Liquid Crystal Polymer
(LCP) cap with epoxy glob top on a standard 0.6 mm FR4
substrate. The device is Cd and Hg free.

The sensor head is connected to the pins by a small bridge
to minimize heat conduction and response times. The gold
plated back side of the sensor head is connected to the GND
pin.

A 100nF capacitor is mounted on the back side between
VDD and GND.

All pins are gold plated to avoid corrosion. They can be
soldered or mate with most 1.27 mm (0.05") sockets

e.g.. Preci-dip / Mill-Max 851-93-004-20-001 or similar

Total weight: 168 mg, weight of sensor head: 73 mg

The production date is printed onto the cap in white numbers
in the fom wwy. e.g. "351" = week 35, 2001.

5.22 Delivery Conditions

The SHT7x are shipped in 32 mm tape. These reeled parts
in standard option are shipped with 500 units per 13 inch
diameter reel. Reels are individually labelled with barcode
and human readable labels.

=)

SING |

I
e

0.4

(0.02)

13.5
0.53)

0.6
[T 0.024,

(0.15)

3.4

{0.13)

-6
(~0.24)

Teaber Tage.
oA e

Figure 16 Tape configuration and unit onentaton

§5.23 Soldeting Information

Standard wave SHT7x soldering ovens may be used at
maximum 235 °C for 20 seconds.

For manual soldering contact time must be limited to 5
seconds at up to 350 °C.

After wave soldering the devices should be stored at
>74 YRH for at least 24h to allow the polymer to rehydrate.
Please consult the application note “Soldering procedure” for
more information.

! Other packaging options may be avalable on request

046 1.27 0.2
D.018) 5 og{0.05) {0.01)

{02) 0.08
Figure 17 SHT7x dimensions in mm (inch)
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6 Revision history

Date Version | Page{s) | Changes
February 2002 Preliminary | 1-9 First public release
June 2002 Preliminary Added SHT7x information

March 2003 Final v20 [1-9 Major remake, added application information etc.
Various small modifications
V2.01 1-9 Typos, Graph labeling

The latest version of this document and all application notes can be found at:

www. sensirion. com/en/download/humiditysenso/SHT 1 1.htm

7 Important Notices

7.1 Warning, personal injury

Do not use this product as safety or emergency stop
devices or in any other application where failure of the
product could result in personal injury. Failure to
comply with these instructions could result in death or
serious injury.

Should buyer purchase or use SENSIRICN AG products for any
such unintended or unauthorized application, Buyer shall
indemnify and hold SENSIRION AG and its officers, employees,
subsidiaries, affiliales and distributors harmiess against all claims,
costs, damages and expenses, and reasonable aflorney fees
anising out of, directly or indireclly, any claam of personal injury or
death associated with such unintended or unauthonzed use, even
if such claim alleges that SENSIRION AG was negligent regarding
the design or manufacture of the part

7.2 ESD Precautions

The nherent design of tis component causes if fo be sensitive fo
electrostatic discharge (ESD) To prevent ESD-induced damage
andfor degradation, fake normal ESD precautions when handing
this product
See application nole "ESD, Latchup and EMC" for more
information

7.3 Warranty

SENSIRICN AG makes no warranly, representation or guarantee
regarding the sutablity of its product for any particular purpose,
nor does SENSIRION AG assume any liability arising out of the
application or use of any producl or circull and specifically
disclaims any and all liability, includng without kmitation
consequential or incidental damages "Typical parameters can
and do vary in different applicatons Al operating parameters,
includng “Typical® must be wvalidated for each cuslomer
applications by customer's lechrical experts.

SENSIRION AG reserves the right, without further notice, to
change te producl specificalions andfor informafon in this
document and to improve reliability, functions and design

Copyright® 2001-2003, SENSRION AG
All nghts reserved

Headquarters and Sales Office

SENSIRION AG Phone:
Eggbiihlstr. 14 Fax

+41 (0)1 306 40 00
+41 (0)1 306 40 30

P.0. Box e-mail: info@sensirion.com
CH-8052 Ziirich http:/fwww. sensirion.c om/
Switzerland

Sensirion humidity sensors are available from:

find your local representative at:
WiW.sensirion.com/reps
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