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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 Väisälä HMP45 A, 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 Väisälä 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 Väisälä 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 Väisälä 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     -40tol20°C   ±3.5%RH       ±0.5°C@25°C 
SHT15 0-100%RH     -40tol20°C   ±2%RH        ±0.4°C @ 5-40°C 

3. The Experiment 

In November 2002, one Sensirion SHT11 sensor (SI5002) and one SHT15 sensor 
(SI5001) 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 Väisälä 
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, SI5003 (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 (SI5003) 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 Väisälä 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 lmK. 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 
Väisälä 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 
Väisälä 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 Väisälä 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 
Fig. 5 RH S15001(SHT15) 
Fig. 6 RH S15002(SHT11) 
Fig. 7 AT S15001(SHT15) 
Fig. 8 AT S15002(SHT11) 

Fit Equation Std. Dev. 
RHHRH205 = -2.05 + 0.95623 * RHsisooi 1 .76%RH 
RHHRH205 = -3.88 + 1.00249 * RHsisooa 2.01%RH 
ATHRH205 = -0.19 + 0.99941 * ATsisooi 0.17°C 
ATHRH205 = -0.51 + 0.98845 * ATSi5oo2 0.2FC 

Overall, then, the Sensirion data fit the Väisälä data within approximately 2%RH and 
0.2°C. Since these numbers are within the accuracy claims of both Sensirion and Väisälä, 
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 = 0.26-1.35E-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°C/yr 

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. SI5001 and SI5002 show little change at 
low values of relative humidity, but their response tends to decrease through the test 
period. SI5003 has a somewhat similar behavior, but the differences do not get as large 
(recall that S15003 was kept in the laboratory). The Väisälä 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 SI5001 
and SI 5002 had differences, which increased with time and increasing values of relative 
humidity. In Figure 19, SI5003 behaves similarly but to a smaller degree. In Figure 20, 
the Väisälä 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 SI5003, 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 SI5003, it shows less than a 0.1 °C 
variation in calibration through its last calibration in August 2003. The Väisälä 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. SI5002 
also shows maximum variation in the middle of the year. With the exception of one bad 
point, SI5003 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 SI5002 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 Väisälä sensor mounted for field tests 
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Figure 11: Air temperature SI5001 - Väisälä difference. 
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Figure 13: SI5001 relative humidity calibration history vs. relative humidity. 
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Figure 14: SI5002 relative humidity calibration history vs. relative humidity. 
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Figure 15: SI5003 relative humidity calibration history vs. relative humidity. 
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Figure 16: Väisälä 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: SI5002 relative humidity calibration history vs. time. 
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Figure 19: SI5003 relative humidity calibration history vs. time. 
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Figure 20: Väisälä relative humidity calibration history vs. time. 
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Figure 21: SI5001 air temperature calibration history vs. relative humidity. 
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Figure 22: SI5002 air temperature calibration history vs. relative humidity. 
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Figure 24: Väisälä air temperature calibration history vs. relative humidity. 
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Figure 25: SI 5001 air temperature calibration history vs. time. 
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Figure 26: SI 5002 air temperature calibration history vs. time. 
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Appendix A 

SHT1x/SHT7x 
Humicfity & Temperature Sensor 

_ Relath« humidity and temperature sensors 
_ Dew point 
_ Fufly calibrated, digital output 
_ Excelent long-term stability 
_No external components required 
_ Ultra low power consumption 
_ Surface mountable or4pin fully interchangeable 
_ Small size 
_ Automatic power down 

5GNSIRION 
THC aMtaBOft COMMMfV 

SHT7x 

SHT1X 

SHT1x I SHT7x Product Summary 
The SHTxjt M a »ingle chip retebVe humkfty and 
temperature mutt sensor module comprising a caferated 
AgiÜI output AppRealion of industriai OM03 ptoe«wa* Mih 
paterfttdrncrc-nwidwwig (CMOSenev technology ensures 
Nghest retabity and txcefent long torn stability. Tat 
device includes a eapacJave polymer sensing element for 
relative humicly and a bandgap temperature «amor. Be* 
am«aarrio»»VcMipledtoa1^arta^tod^c«w«rter 
andatan^iaMTaneireulonDwsamochipTNtronJtem 
superior signal quafity, a fast response ome and »sensitivity 
to«tomilth*tijrbanca»(BUC)atavtnrc«rtpidbV«pri». 
EachSHT»i»in<fi«oualya»ratedinapreei»k)nhuTii<Sy 
chamber wan a ehied mirror hygrometer a» reference. Tho 

eattration eoeleients are urogwmod Mo 0w OTP 
memory. The** ccefficwits are wad Mematy during 
msasursmerfo to esirxate the sic^ tarn Biosensors. 
Tat 2-wire serial interface and internal votage reguleton 
allow* easy and fart system integration. ft» firry size and tow 
power consumption make* 1the tataate choice far even 
the most ownandtngappatfloons, 
The device it suppled It einer a surrace-moirtable ICC 
Readies* Crap Canter)oral aPtygabb4-pin single-«*» 
type package. Customer specie packaging options may be 
avalabte on request 

Applications 
_HVAC 

.Consumer Goods 
_W*amer Stations 
.Hunfweners 
.DahmMhen 

_ Test 8 Measurement 
_ Data Logging 
.Automation 
„White Goods 

Medea) 

Ordering Information 

Part 
IHndiir e**»eei 

IWtsJ 

temperature 
accuracy *W 

SHTIt ±15 ±0.5g 25*C SMDÖ.CO 

8HT15 ±2.0 ±o.4@540*c SMDrJLCC) 

SHni Ü5 ±o.5e »"c 4-pin single-ii-ine 

SHT75 ±2.0 ±0.4 e 5401 4-pin single-in-lne 

Block Diagram 

wwwsenancnoDm Swsifion, EggWNsr 14,6052Zürich,SwEectand.Tel «411 306 40 CO, Fax «4113064030       «201 
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SHTIx / SHT7x Relative HunidMy & Temperature Sensor System 

1   Sensor Performance Specifications 

ParanwUr         |Comltiofs* Wa Typ.|Max.| Unto 

mflimMy 
Rttohition» as 0.03 0.03 WH 

8 12 12 M 
R«p«ataMty ±0.1 WH 
Accuracy f» 
ItactftatTpty 

fnearized see figure 1 

iratftfunQMDHy Fusy exarchan (table 
Nonanearity raw data ±3 WH 

faeareed «1 WH 
Rang» 0 100 WH 
Response time Va(83^ 4 * 

Hysteresis ±1 WH 
Long term stabfty typical <1 WH/yr 

Temperature 
Resolution 0 0.04 0.01 0.01 •c 

0.07 0.02 0.02 •F 
12 14 14 bit 

RepeataMty ±0.1 •c 
±0.2 •F 

Accuracy sea figure 1 
Rang« -40 123.8 •c 

■40 254.9 •F 
Response Ttne Vo(63*) S 30 e 
Tab)* 1    Swsor Performance Speafcalons 

2   Interface Specifications 

SHTIx 
(slave] 

Figure 2   Tyrxalaprtaafioncirajl 

2.1 Power Pan 

The SHT» require« a voltage supply between 2 4 and 5.5 V. 
After powerup (he device needs 11m* to reach its '«leap" 
«täte. No command« «houM be tent before that tine. 
Power supply pins (VDO, GND) may be decoupled with a 
100 nF capacitor. 

2.2 Serial Interface (Hcir»c1ional2^lre) 

The serial interface of the SHTxx i* opbmiztd for sensor 
readout and power consumpfion and it not compatible with 
PC interfaces, see FAQ for detaas. 

SCNSIRION 
TM SBNSOR COMI¥U(V 

Relative Humidity absolute accuracy 

±3*C- 

*2'C- 

*1*C- 

! ib 2b ab Vo sb eb ?'o sb db if» 

Temperature accuracy 

*» SSHUSffS 

±54T 

^tie-F 

sie*F 

°*c-t i i i i i i i i i ) i i i i i i 'Of 
■**c o-c «or. ms litre 
-*>v ZTf rorr I7r= JMT 

* Jgj^«>^ ««curacy Q25'C {typical) 

±72 f 

j—|—)—|—,—i- 
0   10  20  30  40  50  60 

I     I     f WH 
80   90 100 

Figur* 1    Rei HunrKily,TemperalureandDe*pointaccuacies 

111    Serial clock input (SCK) 
TheSCK is used to synchrones the cornmuracafon between 
a microcontroaer and Ihe SHTxx Since the inbrface 
consists of fuly stake logic there is no mintnum SCK 
frequency. 

22.2   Serial (Uta (DATA) 
The DATA bistate pin is used to transfer data in and out of 
the device. DATA changes altar the fating edge and is 
«aid on the rising edge of the »trial dock SCK. During 
trarurmnon the DATA inemust remain stable wMe SCK is 
high. To avoid signal contention the mtcrocontroler should 
only drive DATA low. An external Dul-up resistor (eg tOkO) 
is required to pu* the signal high. (See Figure 2) PtaTup 
resistors are often included in I/O circuits cf mictocMitraaers. 
See Table 5 for dttaied IO characteristics. 

«f^hSH1»isl«t«aiob*U^'*lhrRH»oajtac/srJealicaliw8al26,C (77'F)»nd«*C (i184*F) 
8 The drfadt msasur«mert reaokiion d UU (lemperatur») and 12bil famidty) canbe reducedto 12 and 8 bit hough th» stilus reges« 
www sersnon com v2 01 March 2003 2/9 
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SHT1x/SHT7»RelatS'BHimdi>y & Tennperahire Sensor Systern 
SGNSIRION 

■■rum amaoK COMWHV 

12.3   Sendingacommand 

To iniatt a transmission, a Transmission Start" sequent« 
has to bo issued. It consists of a lowering of the DATA fne 
wMe SCK is high, followed by a tow pub« on SCK and 
raising DATA again what SCK Is sal high. 

DATA 

SCK 
X _rr\_m_ 

Figure}   *Traremiss»ri fetari* sequence 

Tht subsequent command consists of thro» address bus 
forty "000" ic currently supported) and five command bits. 
The SHTxx «ideates the proper reception of a command by 
pu«ngtr>iDATA(^towtACKW)arWthefainfl«o>of 
the 8th SCK clock. The DATA he is released {and goes 
high) artorlhe fafcng edge of the 9thSCK clock. 

Command Coda 
Reserved OOOOx 
Measure Temperature •Mil 
Measure rtumidity Mill 
Read Stakis Register 00111 
Write Status Register 00110 
Reserved 0101x-1110x 
Soft ratet, resets the interface, clears the 
status register to detaut values 
waimawnum linn before next command 

mil 

Tabl« 2     SHTxx Us t of commands 

114 Measurement sequence (RH and T) 

After issuing a measurement command (U0000101' for RH, 
10000011' for Temperature) the controker has to wait for the 
measurement to complete. This takes approximately 
11/55/210 ms lor a 6Y12/14bit measurement The exact fme 
varies by up to ±15%wth the speed of me intatnal oscillator. 
To signal the completion of a measurement, the SHTxx puUs 
down the data ine. The cortrofcr must wait for mis 'data 
ready" signal before starling to toggle SCK again. 

Two bytes of measurement data and one byte of CRC 
checksum wll then be transmitted. The uC must 
acknowledge each byte by outing the DATA In« low. AH 
values are MSB fir* right juatjReKL (e.g. the 5* SCK is MSB 
fora12Wvalue.fe«alMr«*ukBielrstbyteisnotused). 

''CommiaacaMr} tamvnatas after ma actwawwdga M of ,ma 
TOCdatafO^C4eneclwiinisrwtiisedmecomrcaoriTxry 
nwmnaui the commuracatMM after me measurement data 
LSBbykeepiigaeVhigh, 
The device atdomatkaky returns to swop mode after the 
measurement and mniiaaacaboB hava ended. 

Warning: To keep sei hearing beta« 01 »C the SHTxx 
should not be active for more man 15% of the «ma 
(o.g. max 3 measurements / second for 12Mt accuracy). 

22.5    Connection mset sequence 

If camnuiiieabm win the device is lost to signal 
sequence wM reset b sariai ivarface: 
While leaving DATA high, toggle SCK 9 or more tines. This 
must be followed by a Iramrnission Starr* sequence 
preceding ms next corrsriand. This sequence resets the 
■XitTSC« only, i nt nxus rvgRvr pro#v«viB a com&nL 

DATA 

TIBO MTifesiori Start 

Rgui» 4   Connection reset sequence 

116    CRC4 Checksum cakukSon 

The whole digital feahsrrassion is secured by a 8 bit 
checksum. It ensures that any wrong data can be detected 
and esminated. 
Please   consul   application   note   "CRC-8   Checksum 
Calculation' for information on how to calculate the CRC. 

.Adaettvaxr Camniand-'aoior jam* SKtt»c«*i#«ii MTA tort 
'ST mn • ußemWhDATA tkw 

OATA 

CRWOracfcwm Venom I 

J—\-J~\JC 
h K h h K hS.1 

wthrnsxt msMWHMit      fwwrtsttan 

SMpatimOMttlg«» 

Figur» 5   Example RH measireroem sequence for vate"00001001' 001 f0001'=2363 =7579 9tRH e^eüttwnp^&t^^^p^siiw} 

"  /TV 

wwwsensnoneom •A 01 March 2KB as 
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SHTJx / SHT7x Relative Humidity & Temperature Sensor System 
SGNSIRION 
TM« BmaOR COWWHV 

CO I 1 I I I I I 
0ioi°l mil 

^ .- J 

*  i i r i i i la*  i i i i i i i 
\ 11 ^. i m i pw*n i 

Command 

Figur**   Overview of Msasurement Sequence (TS=Transi»»ssionSiart) 

2.3 Status Register 

Some of the advanced functions of the SHTxx are avabble 
through the status register. The Moating section gives a 
brief overview of twse features. A mere detailed description 
bavaiabiein the appkcation note "Status Register' 

wffiE l3> PM I 11 

Figur* 7   Slaius Register Write 

I I I I I I 

°ioiDioi°ri1 K IsUuaH 
ft EM I I I .£ HTTTTH 

Ftgur* I   Status Register Read 

SI Iff* SwnipeM S** 
7 rvcened 0 
S A Bid d Barttry {1» votoge defe-liai) 

rt«vcM>2-«r 
ri«V<M<247 

X No default ttkj«. 
M     It     only 
ypkM »ti« > 
mwsiwnont 

s r«<r*d 0 
4 r*«<f*!<l 0 
3 foiTertngorty. do not UK (t 
2 aw HMI« 0 el 
1 WH noN*>»dfic*lOTP 0 K>k*1 
0 RAV 1- ««RHnaal«*«»»»« «Million 

«' = l2taiRH/l4baT«nipenhi>efKduliai 
0 12MRH 

TsbUJ    Status Register Bits 

Z3.1   Measurement msolufon 
The default measurement resoUion of 1»« (tsmperatum) 
and 12b* (hurredcy) can be reduced to 12 and 8bit This is 
especiaiy useful in high speed or extreme low power 
applications. 

13.2   EndofBettety 

The •End of Battery* (unction detects VDO voltages below 
2.47 V. Accuracy is tOOSV 

233   Heater 
An on chip heating element can be switched on. it w» 
increase the temperature of th* sensor by approximately S'C 
(9 *F). Power consumption wiJ increase by -8 mA @ 5 V. 
Applications: 
By comparing temperature and humidity values before and 

alter switching on the heater, proper functonaRy of be* 
sensors can be verified. 
• In high (>«5 *XRH) RH environmsnts heating the sensor 

element wl prevent condsnsabon, vnprove response 
time and accuracy 

Warning: Whle heated the SHTxx wl show higher 
temperatures and a lower ssbnve humiday «tan with no 
heating 

2.4 BectrkaiCharactorittic«(1> 

VDO=5V, Temperature = 25 'C unless otherwise noted 
rTrt*Ml*f CiniWim MB. Trr Ms. UlM 
PowrjupptyDC 24 5 55 V 
Supply current measunno. 650 I4* 

average 20 28& r*A 
at*?p 03 1 »A 

L«w level output vdtaqo 0 2« w 
Hflh l«vel output vertag* 75» 100% Wd 
low level input vol&ae   Negative joirtfl 0 20* V<U 
H^i l«v»l rpul voltau» Poahvt gornj 80S too» Vdd 
Input cuwrt on pxfc 1 ||A 
Output peak curreri on 4 n* 

Tretal«) (oft) to *A 

Tsbl* *     SHTxx DC Characteristics 

Penatftr t#fMtwMfW Mn rr» MBL IM 
Fee» 9CK Iraquency YCO>45V 10 tvK 

vTO<45V 1 M* 
ItfO MTAIaHmm Output lowt 5 pF 35 10 20 IB 

Output loaf 1O0pF 30 40 2» re 
feu SCKhiNowtimt too ro 
Iv MTAvaMtime 250 ns 
»91 DtfA s« uptime 100 ns 
TMO CATAhoMbms 0 10 ro 
fp/Ir 9CK ns«/M time a» re 

Tab» 5    SHTw Iß Signals Characterise 

SCK 

DATA 

TCLH 
-H  FSCK 

-*)Tv 
-*Tsu 

y. 

Tfi 

/ 

•-THC 

FlgunsS   TimngDiagram 

£ XZ 

'I    Pmriwm»™p«nodi»lywr(]|«!»ndAoHOfj*l«t~i 
o   Wtlicivei>»»aiMm«rtot»M»aurj«y»*«»OTPnlon)p«f8»aft) 
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SHTIx / SHT7* Ratabva Humidity & Tamparature Sensor System 
SCNSIRION 
TW HIMtlfflOW COMWIW 

3   Converting Output to Physical Values 
11 RtWlvt Humidity 

To «mpamata «or tha norvinaarity of tha hurridty santor 
JM to OMMt ma M accuracy a t» racorrenanaoa n mm 
lteraadout^th«rofcwirigfom«jh<: 

f*^ = e, +e2 «S0RH +c3 »SO^2 

SQa> ei a 8» 

12M -4 0.0405 -28*10* 
It* -4 0648 -72* KH 

TsMtf    Humiäry conversion coeiderils 

Fwtirr'piiad.laMeompulatw 
tat appfieatjon not» "RH and Tampan-tara NofrUnaarib- 
Compamabon. 
Tha humidity santor hat no significant votage dtptndamy. 

WOK 

Figur* 10 Conversion from SOm to relative humkity 

1 f. 1   Comptmäon ofRHffmpmtm dtpemtmcy 
fatompm)um»srmmlbmMtfnmft'C (-77'F) 
th« tsmparahw eoaiäant of ma RH »amor should ba 
camidarad: 
Rnrifc = {T^-25).(tt+t2.Sf^H)+RHlnsa 

SOka -m%, :V. 'I*:-:■:.■":■ 

12M 001 oooooe 
• Mt 001 0.0012B 

1*1» 7    TetrperatuecomperaatiixicöeffcBrts 

tN*«qyab-0l2%RH/*C |'»WN 

3.2 Tamparatura 

Tha bandgap PTÄT (Proportional To AbMftia Tarnoaratara) 
tamparatura santor it 'vary faiaar by datign. .Uta flia 
blowing famub to tonvart from «gM naiout to 
tamporatura: 
Temperature = d,+dg «SOT 

voo dipq 'M<W mm *rq ■*f*. 
5V -4000 -4000 14M 001 0018 
4V ■39.75 -39 50 12b» 004 0072 

WV -39.06 -3935 
3V -3960 -3928 

23V -39 55 -3923 
TabUI    Terriperaiure conversion coeffioieffis 

For knorovad aecuraciat in «dram» temperatures nih mora 
MTrputation Mama rawarnoh formulas taa appfcation 
note "RH and Ternperature NoiHifiearity Comptwation* 

:%& DawpoM 
„Since humidity and tarrvartiure are bo» maasurad on tha 
lama monoHhic chip, the SHTxx aHowt Htjetb oewpomt 
measurement*. Seaappfcafen note "Dawpoint cateulabon" 
formore^ 

< What SOUH is *» »«raor cijput for wlalwa hamidity 
www.sersntti.com v2Q1 March 2009 5« 
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SHT1x/ SHT7x Relative risnkity & Temperature Sensor System 
SCNSIRION 
TH« S0OOR OOUMMV 

4   Applications Information 
4.1 Operating and Storage Con dtfon« 

100- — 

so- -.,;. 
80-    ; 

40- 

20- 

0- 

toidHlort» 

-*- -r- 
40 -40   io   ö   2b   40   eb "So" ii 

Figur* 11 Recommended opetalngcondtom 

Coodtion» outside the recommended range may temporarily 
offset the RH signal up to ±3 *RH. After return to normal 
conditions t wl stonwV «torn toward* calibration »tats by 
baT. SM 4.3 •«•cofKÄoning Procedure" to accatarata this 
proeest. Prolonged axpotura to extreme conditions may 
aecalarata ageing, 

42 Exposure to ChtmksJi 

Vapor« may Martere with me polymer layer« uted for 
capacitM huradty sensors. The dMuaion ofehamicaltinte 
the polymer may taute a «Ml in both offset and sensitivity. 

Uta recondtioning procadura described below wi 
accelerate Ihi« proca«*. 
high levels of polutants may causa pamnanant damage to 
Ihe sensing polymer. 

43 Recondtfonkig Procedure 

The {Mowing recondboring procedure ail bring the sensor 
back to castration state altar exposure to extreme condtions 
or chemical vapor«. 
80-90•Cure-tsMT,at< 5MHfor24h(baking)fotowedby 
20-30 •Cp«o-F)   at>74Wlfw4»(rs-rrydrarJon) 

44 Qualficsüofii 

Extensive tests ware performed in various erivaonments. 
Please contact SENStRION for addBowl Wormabort 
BSMrareeent Norai RceuM» 

Terapsfsture 
Cych« 

JESO22-A104-B-»*C 
n25*C.1000cy 

Witrin 
Specifications 

WST 
Prassur« Cooker 

JESD22AU0-B 
23bar125*Ce6WH 

Reversible shift 
by*2*RH 

Ssk Atmosptwr* DN-50021SS Within Spec 
Condensing Air - WifrinSpec 

Freezing eydts 
Mly submtrgad 

■20/-WC, lOGoy 
30mn tf*>ell lime 

Reversible shift 

by»2WH 

Various Automouv* 
Chsnacals 

DN 72300-5 Wilrin 
Specifications 

Ctgarstt« amok* Epjivalenl to 15years 
in a mid-size car 

Witin 

Specifications 

45 ESD (Electrostatic Discharge) 

ESO immunity is qualified accordng to MIL STD 883E, 
method 3015 (Human Body Model at ±2 kV)). 
Latch-up tmajriry is provided at a force currant of ±100 mA 
weh T^a 80 'C accordng to JEDEC17. 
Sea application note "ESO, Ufchup and EMC' for mors 

41 Temperature Effects 

The rotative rwrnfdrh/ of a gas strongly depends on Is 
temperas». It is tharofore essential to keep hurritfry 
tensors at lha tame temperature as the air of which the 
relative humidity is to be measured. 
If the SHTxx shares a PCB win alecbonic components that 
give off heat it shoukt be mounted far sway and below ma 
heat source and the housing must remain wel ventlatad. 
To reduce heat conduction copper foyers between the 
SHTIx and me rest of Ihe PCB should be mmrnized and a 
sB may be mied in between. (Sea figure 14) 

47 Materials Ussd for Staling f Mounting 

Many materials absorb rurnjdfy and wi act as a buffer, 
«creasing itsponse times and hystarasrs. Materials in the 
vicinity of the tensor mutt therefore be carefcty chosen. 
Recommended materials are: 
Al Metals, LCP, POM (Dakin), PTFE (Teflon). PE, PEEK, 
PP,PB,PPS,PSU,PVDF,PVF 
For seafng and gluing (use sparingly); 
Ugh Mad epcay for electronic packaging (o.g. glob top, 
under«), and Sifccone are recommended. 

41 Membranes 

A membrane can be used to prevent drt rrom entering Ihe 
housing and to protect Ihe sensor. It wi also reduce peak 
concentration« of chemical vapor«. For optimal response 
times air volume behind Ihe membrane must be kept to a 
nwwnum. 

41 Light 

The SHTxx is not ight tensive. Prolonged drrect exposure 
toswsMneorstrMigUVra(ftalionmayagethelKNmng 

410 Wiring Considerations and Signal Integrity 

Carrying the SCK and DATA signal parate) and in close 
proximity (ag. in wires) for more than 10cm may rasiit in 
cross talk and loss of cornmunkarjon. This may be resolved 
by routing VDO and/or GNO between the two data signal«. 
Please «aa the appicabon note "ESO, Letchup and EMC" for 
more information. 
Power supply pins (VDD, GND) should bs decoupled wih a 
100 nF capacitor V wirts are uted 

Tabl* 9    Qualifcalbn tests |e«erpl) 

W   Th« ktifwAure sens« passed si lesls MMxxi «ny AtedaUe *ifl Ravage aid »lecjronks i*so pass«) 100% 

www sens nori com v20t March 2003 6« 

38 



SHTJx / SHT7x Relative Humidfr & Temperature Sensor System 
5CN5IRION 

5   Package Information 
1.1 SHT1x (surface mountable) 

«» lUlii 
1 6ND Ground  
2 DATA Serial clata. bkirocional 
3 SCK Serial dock, input 
4 VDD SUM* 24-5.5 V 

NC Remaining pirn muet be Mt unconnected 
Tabl» 10  SHTIxRfiOescBpScci 

$.1.1    Package type 

The SHTix i» suppled in a sufsee-frwurttable LCC 
(Leadkw* Chip Carrier) type package- The ten«»* housing 
consists of a Liquid Crystal Polymer (LCP) cap with epexy 
glob top m a standard 0.8 mm FR4 substrate. The devke k 
»eeofleadVCdandHp, 
Device size is 7.42 x 4.S8 x 2.5 mm (0.29 x 0.1» x 0.1 inch) 
Weight WO mg 

The production date is printed onto the cap ii white numbers 
in the foeti wwy, o.g. T51* - week 35,2001. 

5.12   OesVwy&wel&ofW 

The SHTtxare shipped in standard IC kibes by 80 unts per 
tube or in 12mm tape. Reels are mdMdualy labeled with 
barcode and human readable labels. 

•HH    asx-. 1    °"*"~i asta-. 
•«■4* 

Figure« Tape MnSgursSon and unit oneniaion 

5.13   Mounting Examples 

Figur* 13 SHflxhoiargmountrngexarflpie 

Sit to rwunzeheat 
transfer from 8w PCS 

Figure H SHTI xPCB tooling exartipie 

5.14   Solikiloglnfbni^Son 
Standard reflow soldering ovens may be used at maxims» 
235 *C far 20 seconds. 
For manual severing contact time must bo tried to 5 
Seconds at up to 350 *C. 
After severing the devices should be stored at >74 WHfor 
«tleait24»toalewtr»po|yrnerto^ 
Please eonsut the appfeation note "Soldering procedure''for 
more irrfwrnaboct 

Top View Me View Recommended PCS Footprint 

»l*««**g 

n»i 'ii II II n   i « 

«e««!*» 

Figur« 15 SHF!xdrawingand footprint dimensions in mm }nch) 
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SHTIx / SHT7x Relative Hurnidfr & Temperature Sensor System 

8.2 SHT7x (4-pin »ingle-in-line) 

SCNSIRION 
Trt« StNSOR CDMHKf 

Pin Name Comment 
1 SCK Stritlcbtkmit 
2 MQ0 SMW.V24-5.5V 
3 GND Ground 
4 ÜA7A Stritt dtttbidnchntl 

Tabl>11   SHT7* Pin Descriptor 

5.2. f   Package type' 
The device i* suppled in a eng>irvine pin typ« package. 
The sensor housing consists of a Liquid Crystal Polymer 
(LCP) cap win apoxy glob top on a atandard 0.0 mm FR4 
substrate. Tho device it Cd and Hg free. 
Th« sensor haad is conntettd to th* pin* by a «mal bridgt 
to minimi» heat eonducfon and response time» The goM 
plaUd bad «dt ofth» sensor haad it connected to th» GND 
pin. 
A lOOnF capacitor it mounted on th« back »id« between 
VDOandGNO. 
Al pin» are gold plated to avoid corrotion. Th«y can b« 
eatdered or mate with most 1.27 mm (0.05") sockets 
o.g.: PntHfp I Mi-Max 851-W404-20-001 or smbr 
Tote) weight 168 mg, weight of sansor haad 73 mg 

The production date is printed onto the cap in white numbers 
in th« fern wwy. eg. "351*=weak 35,2001. 

5.22   Delveiy Condfons 

Th« SHT7x are shipped in 32 mm tape This« reeled parts 
in standard option are shipped with 500 units per 13 inch 
damefcr reel. Reek are Mrvidualy labeled with barcode 
and human readable labels. 

flour» 11 Tap* configuraion and unit onenialon 

5.2.3   Soldering kfoimaSon 

Standard wave SHT7x toMering ovens may be used at 
maxinum 235 #C for 20 seconds. 
For manual soldering contact bme must be frnitod to 5 
seconds at up to 350 *C. 
Alter wave soldering the devices should be stored at 
>743RH for at least 24htoafaw the porymertorahydrate. 
Please consul the aff>ferion note "Severing procedure" for 
more normabort 

-   3.1 

■«fat 

(0. 12) 
2.2. 
0.09] 

y 
,0.8 

_•» 
—.i 

c 

(OQM 

(0.01) 
2 

TW 
Figur« 17 SHT7x dimenacm in mm (rich) 

1 Other packagng cptacis maybe avalaOe on request 
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5€NSIRION 
SHT1x/ SHTTx Relatiw HumiÄy 8 T errswrature Sensor System Tt»e> awM* eoMmMv 

6   Revision histoiy 
:^*P" VcrswM 
February 2002 Prsfcrinary t-l 
Juno 2002 Prafmmry 
March 2003 Rnal-i2.0 1-» sMslSmäs IfJl Ils^ltäPj fJ^i*iiSlT*JI ej^#*fJUJwOjnlUH ejfajWBSIOBuaSjiel SJFW^» 

V2.Ü1 14 TVDO». Graph tabrfng                                                    __ 
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