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ABSTRACT

The object of this project is to measure and transfer data of humidity and tempemature in
construct mushroom preduction model by TDM (Time Division Multiplex) system. This system divide
into 4 parts Part 1 is construct mushroom production model, Part 2 compose of humidity and
temperature sensors, part 3 is data transfer from transmitter to receiver and part 4 is receiver and data

processing unit in microcomputer.
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TO
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ROM uaz RAM iy MCS - 51 Tasliqunstimoueny Lach fiweamstludgdnetls Sond
“Address Latching”
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8-bit Data Bus
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—— i —] s ot e
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| i
: Change :
Stable | Of Data |
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I }

|
|
I
}
§
I
|
|
|
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Data Line
Data Valid Allowed

P - -
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2.6.2 DaiduduunzDanga (Start and Stop Conditions)

Famofggnu SDA nazmudygnu SCL fhogluronzT BUSY wuiluaoin 1 s
alinualasninassn 1 Gunedn o vesmudyew sDa vauzfinodogu scL i 1 Sondims
fmuadouly START uamsnfSounlasein o @ 1 voarnufygna SDA Tuveisfinudygnw

- 1] - A
sCL (Hu 1 Fuahmasmuaitouly STOP

SsCL ——\—/’\_/“ """ SCL

START condition STOP condition

o "
5111 2,15 Tniflislwezunsy (Timing Diagram) 104 Start and Stop Conditions

2.6.3 FmANneunQIItU (System Configuration)
e = ] - o . 4 = o4 v aa o
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A =t 1 .:i
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$nauluddoya ngndeszndiedaiyv vaz A1l 18NN610R Fuiledadoyansu 1 Tud

vzdAoanatia ACK mueenlal 1 U
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SHT1x

Humidity & Temperature
Sensmitter

_ Relative humidity and temperature sensors
_ Dew point

_ Fully calibrated, digital output

_ No external components required

_ Ultra low power consumption

_ Surface mountable package

_ Excellent ong-term stability

_ Small size

_ Automatic power down

SHT1x Product Summary

The SHTix is a single chip relative humidity and
temperature multi sensor module comprising a calibrated
digital output. Application of industrial CMOS processes with
customized post processing (CMOSens™ technology)
ensures highest reliability and excellent long term stability.
The device includes two calibrated microsensors for relative
humidity and temperature which are seamlessly coupled to
a 14bit analog to digital converler and a serial interface
circuit on the same chip. This results in superior signal
quality, a fast response time and insensitivity to external
disturbances (EMC} at a very competitive price.

Each sensor is calibrated in a precision humidity chamber
and the calibration coefficients are programmed into the

Preliminary Information March 2002
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OTP memory. These coefficients are used internally during
measurements to calibrate the signals from the sensors.

The 2-wire serial interface allows easy and fast system
integration. its tiny (7x5x3mm) size and low power
consumption makes it the ultimate choice for even the most
demanding applications including automotive,
instrumentation, medical equipment, heating, ventilation and
air conditioning systems (HVAC), portable consumer
electronics and battery-operated controllers,

The device is supplied in a surface-mountable LCC type
package. Other packaging options are available on request.

SHT1x Single Chip Relative Humidity and Temperature Sensor Module

Calibration
%RH Memory —<] scx
Sensor l —___>DATA
8 D Digital
» .
8 s |  2-wire
_|—P = & Interface
[+%
gl A
<<
~ ] eno
Temp.
Sensor — "1 voD
4 ) 1
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SHT1x Relative Humidity & Temperature Sensor System

1 Sensor Performance Specifications

Parameter Conditions [Min. | Typ.|Max. |Units
Humidity _
Resolution 0510031003 |[%RH__
8 1121 12 |hit
Repeatability 0.1 % RH
Accuracy@ & see figure 1
Interchangeability
Nonlinearity 10 - 90 %RH 13 % RH
Range 0 100 [%RH
Response time  [1/e (63%) 4 s
slawly moving air
Hysteresis +1 %RH
Long term stability | Typical <1 % RHfyr’
Temperature
Resolution 0.0410.01] 0.01 |°C
°F
12 1 14 | 14 Ibit
Repeatability +0 1 °C '
1.2 °F
Accuracy see figure 1
Range -40 123.8|°C
1-40 254.91°F
[Response Time |12 ®3%) | 5 | |30 Js
Table1  Sensor Pefformance Specifications

1.1 Converting the digital output to physical values

1.1.1  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:

RH;, . =¢, +¢, 950, +c, -SO,mz

where SOru is the sensor readout for RH and with

=4  ¢=0.0405 ¢3=-2.8"10%  for 12bit SOru
c1=4  ¢;=0648 €3=-7.2"10¢  for 8bit SOrx

For simplified, less computation intense conversion formulas
see application note “RH Non-Linearity Compensation”,

. Absolute accuracy RH

* 5% — .
CoEA% SHTA1 ;

+ 3% \\ 14

’

o | oS SHTAS _ _ _ _ _ ’

+ 1,’0 e

x 0% T T T T T T T T T - %RH

o% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Temperature accuracy

+ 3°C + 5.4°F
T 2°C -~ * 3.6°F
-
+ 1°C -] + 1.8°F
O.CDJ T 1 T T T T T T | T T T T T T ¥ OOF
-A0"C% o*c 40*C 80"C  100°C 120°C
Dewpoint accurac 25°C (typical
+ 5°C ] P ve (typical) | g.0°f
* 4°C x 7.2°F
+ 3°C — + 5.4°F
* 2°C + 3.6°¢
T1°C— ST~ —— + 1.8%F
+0°C — T T T T —T1—T1— 17— %Rk
0% 10% 20% 30% 40% 50% G60% 7TO% H0% 80 % 100%
Figure1 RH, Temperature and dewpoint accuracies

For temperatures significantly different from 25°C (~77°F)
the {emperature coefficient of the RH sensor should be
considered:

RH,, =(T.. -25)e(t, +1, SO, )+RH, _,

with ty = 0.01; t, = 0.00008, t; = 0.00128 for 8bit SOru

This equals ~0.12%RH / °C @ 50%RH

1.1.2 Temperature

The temperature sensor is very linear by design. Use the
foltowing formula to convert from digital readout to
temperature:

Temperature = di+ d*SOr

100% . Use the appropriate table entries for 5V or 3V.
: ' : ; : Z Celsius Fahrenheit
80%) - - - - T gy SO: dy d; ds d;
: : ! ; : ! 14bit 5V -40 0.01 -40 0.018
L 60%} - - - - R LTRSS I 12bitSV | 40 0.04 40 0.072
= : : ' : : 14bit3v | -384 0.0098 -37.1 1 0.0176
Oporrpre bttt [aobitaV ] 384 | 00392 | 374 | 0.0704
20%h - - - - s I This equals a voltage dependency of ~ -0.2°CV @ 25°C
: : f : 1.1.3 Dewpoint
O e 0 e md o See application note "Dewpoint calculation” for more

SOgrH sensor readout

) For gperation within normal operation range as described in Chapter 3
@ Nat including non-linearity

information.

¥ The default measurement resolution of 14bit {temperature) and 12bit {humidity) can be reduced to 12 and 8 bit through the status register.

wWWww._sensirion.com

March 2002 Preliminary Information

21



SHT1x Relative Humidity & Temperature Sensor System
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2 Serial Interface

Vdd
GNO
uC DATA i—._'; SHT 1x
(master) SoR 3 (slave)
[_""4 -
Vdd 2.4 - 5.5V

Figure 2  Typica! application circuit

Pin |Name Comment

1 GND Ground

2 DATA Serial data bidirectional

3 {SCK Serial clock input _
'4__[vOD__ [Supply24-55v L
Table2  SHT1x Pin Description

2.1 Power Pins

The SHT1x requires a voltage supply between 2.4V and
5.5V. After powerup the device requires 11ms to reach its
“sleep” state. No commands should be sent before that time.
Power supply pins (VDD, GND) may be decoupled with a
100 nF capacitor,

2.2 1fO Pins (Bidirectional 2-wire Interface)
See Table 5 for a detailed 10 characteristics.

2.2.1 Serial clock input (SCK)

The SCK is used fo synchronize the communication
between a master and the SHT1x.

2.2.2 Serial data (DATA)

The DATA tristate pin is used to transfer data in and out of
the device. Data must be updated on this pin after the falling
edge and is valid on the rising edge of the senal clock SCK.
An external pull-up resistor is required to pull the signal high.

(See Figure 2). Pull-up resistors are often included in 1/0
circuits of microcontrollers
223 Command sequence

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

raising DATA again while SCK is still high.
DATA * *

Figure 3

"Transmission Star" sequence

The subsequent command sequence consists of three
address bits (only *000" is currently supported) and five
command bits. The proper reception of a command by the
SHT1x is indicated by pulling the ack bit low on the DATA
pin.

See 2.2.5 "Measurement Sequence” for an application of the
command sequence

2.2.4 Connection reset sequence

If communication with the SHT1x is lost the following signal
sequence will reset its senal interface:

Whie leaving DATA high toggle SCK 9 or more times. This
must be followed by a “Transmission Start” sequence

pregeding the next command.

Transmission] Start

DATA

SCK

Figure 4 Connection reset sequence

! Command Code Description ]
: Reserved 0000x Reserved ;
| Measure Temperature 00011 Temperature measurement %
- Measure Humidity 00101 Humidity measurement
! Status Register Read 00111 Read access to the status register (see application note)

Status Register Write 00110 Write access to the status register (see application note)

Reserved 0101x-1110x | Reserved

Soft reset 11110 resets the chip, clears the status register to default values
i o wait 11ms before next command ]

Table3  SHT1x list of commands

wait for data ready

—r—
A T T TT T ST LT T T | TT T LT T Tl TET T T T T [
OO L L ]® LM s BB als g Pk | S
Adr Command

www.sensirion.com
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SHT1x Relative Humidity & Temperature Sensor System
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Frad” <0 AN

2.25 Measurement sequence (T and RH)

After issuing a measurement command ('00000101" for RH,
‘00000011' for Temperature) the controller has to wait for the
measurement to complete. This takes approximately
11/55/210ms 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 SHT 1x pulls
down the data line @ and the controlier must restart SCK.
Two byles 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 MSB first, right justified. (e.g. the 5® SCK is MSB
for a 12bit value).

Communication terminates after the acknowledge bit of the

Transmission Start Address="000'
i ! ; i

Command="00101"

After the sensor pulls down the DATA
pin, measurementis ready for readout

1

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 SHT 11 automatically returns to sleep mode after the
measurement and communication have finished.

Waming: To keep heat up of the SHT1x below 0.1°C it
should not be active for more than 15% of the time (e.g. max.
3 measurements / second for 12bit accuracy).

2.2.6 CRC-8 Checksum Calculation

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

Measurement
= 55ms for 12 bit
= $1ms for 8 bit

/ <€ Bold = SHT1X controls DATA signal
Normal = uC controls DATA line

Skip acknowladge fo end communication
{it v0 CRC is needed)
12 bit humidity data ’

®( low low low low i1 10 9 8
SCK

" MSB

CRC-8 Checksum

7 6 5 4 3 2 1 o

Weit for next measurement

! P T
! i
(o e - | pm———————
i 3 P
1 1
_____ ] AN Skyp acknawiedge lo A 4

end communication. H i
SHT tx rewms to
sieep auiomascatty / \ / \

; F Y H
-------- H -~ = H ot H ————————

MSB LsB

Figure 5 Example RH measurement sequence for value "0000'1001 * 0014'G001"= 2353 = 75.79%RH

2.3 Status Register

Some of the advanced functions of the SHT1x are available
through the status register. The following section gives a
brief overview of these features. Please consult application
note “Status Register” for more information.

2.3.1 Healer

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

» By comparing temperature and humidity values
before and after switching on the heater, proper
functionality of both sensors can be verified.

* In high RH environments heating the sensor
element will avoid condensation.

Waming: The built-in calibration is not correct while the
SHT1x is heated!

2.3.2 End Of Life (EOL)
The SHT1Ix End of Life (EOL) function detects VDD
voltages below 2.47V. Accuracy is £0.05V

2.3.3 Measurement resolution

The default measurement resolution of 14bit (temperature)
and 12bit (humidity) can be reduced to 12 and 8 bit. This is
espacially useful in high speed or extreme low power
appiications.

Please consult application note “Status Register” for more
information on how to access and use these features.

www_sensirion.com
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3 Specifications SHT1x

3.1 Absolute Maximum Ratings
Ambient Storage Temperature:  -40°C to 120°C

3.2 Operating Conditions

100% = = -\, ,
\Maximum operating
80%- ' \\ conditions
0 ] :
60% Normal operating \
40% -4 conditions \\
; \
20% ! i
‘ |
0% ! T i T | B B B
“40°C 0°c 40°C B0°C 100°C 420°C

Figure6 Recommended operating conditions

Temperatures outside the recommended range may
temporarily offset the RH signal by up to +3%RH. The
sensor will slowly return to calibration conditions but heating
the device up to 90°C at <6%RH for 24h will reverse the
effect of high RH, high temperature environments promptly.

Prolonged exposure to extreme conditions may accelerate
ageing of the sensor.

3.3 Special Conditions

Extensive tests were performed in various environments.
Please contact us for complete qualification results.

' Parameters are periodically sampled and not 100% tested

@ With one measurement of 8 bit accuracy without OTP reload per second

B With one measurement of 12bit accuracy per second

3.4 Electrical Specifications™

3.4.1 ESD (Electrostatic Discharge)

ESD immunity is qualified according to MIL STD 883E,
method 3015 (Human Body Model at +2kV)).

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

3.4.2 DC Characteristics

VDD=5V, Temperature= 25°C unless otherwise noted

Parameter Conditions  [Min. [Tvo. [Max. [Units'
Power supolv DC 241 5 |585|v ¢
‘Supply current measuring 550 A !
average 28 {2809 YA
sleep 0341 1 |pA
Low level output voltage 0 20% Jvdd
High level oulput voltage 75% 100%[Vdd
Low level input voltage  {Negative going| @ 20% |Vdd !
High level input voltage |Positive going | 80% 100% [Vdd
Input current on pads ' 1 A
Output peak current on 4 |mA
- Tristated (off) | | 101 _lwA _
Table4  SHT1x DC Characleristics
3.4.3 I/O Characteristics
Parameter Conditions Min | Tvo.|Max. | Unit -
Fsck [SCKfrequency |VDD>45V 10_|MHz}
VDD <45V 1 |MHz,
Treg [DATAfalltime |CuiputipadSpF  [35( 10| 20 [ns
. Qutput load 100 pF | 30 | 40 | 200 |ns
T |SCK high time 100 ns
o [SCK low time 100 ns !
Tv  |DATA valid from 50 ns
Two  ;Output hold time 0|10 ns
;Tnm SCK riseffatl time 200 |ns
Tablke3  SHT1x IfO Signals Characteristics

TCLH Fsck
SCK
‘-—TV
DATA

Figure 7  Timing Diagram
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4 Physical Dimensions and Mounting Information

4,1 Package type

The device is supplied in a surface-mountable LCC type
package. The sensors housing consists of a Liquid Crystal
Polymer (LCP) cap with epoxy glob top on a standard
0.8mm FR4 substrate.

Device size is 7.62 x 5.08 x 2.5 mm. Weight 100mg

Other packaging options are available on request.

4.2 Mounting Recommendations

The refative humidity of a gas strongly depends on its
temperature. It is therefore essential to keep the sensor at
the same temperature as the air of which the humidity is to
be measured.

If the SHT1x shares a PCB with heating electronic
components it should be mounted 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.

Figire 8 Mounting example

0.64 Top View
sensor opening
%) e
e,

7.62

4,09

2.54

5.08

Prolonged direct exposure of the SHT1x to strong light or
UV radiation should be avoided.

4.3 Wiring considerations and signal integrity

Camying the SCK and DATA signal parallel and in close
proximity (e.g. in wires) for more than 10cm may result in
crosstalk and loss of communication. This may be resolved
by routing VDD and/or GND between the two signals.

4.4 Soldering Information

The SHT1x can be soldered using standard reflow ovens at
maximum 225°C for 20 seconds. For manual soldering
contact time must be limited to 5 seconds at up to 350°C
Please consult the application note "Soldering procedure”
for detailed instructions.

4.5 Delivery Conditions

The SHT1x will be delivered in standard IC tubes by max.
80 pieces per tube. Other delivery options may be available
on request.

Side View

f— actual size

25| \

Recommended PCB Footprint
— — 7 7

2§

4.61

1.27 (1.2

No copper inside this field

all measurements in mm
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5 Revision history

* Date Page Changes —* ) .]
. February 2002 1-9 First public release
 February (2) 2002 4 Corrected CRC information to match application note

March 2002 Extended SHT11 3.5 accuracy range to 20%-80%

!

?

2
8 Added image of mounting example
2 Changed coefficients of temperature conversion formula

Various small modifications i

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

www.sensirion.com/en/download/humiditysensor/SHT 11.htm

6 Important Notices

The warranty for each SENSIRION AG product comes in the
form of a written warranty which govems sale and use of
such product. Such warranty is contained in the printed
terms and conditions under which such product is sold, or in
a separate wntten warranty supplied with the product.
Please refer to such written warranty with respect to its
applicability to certain applications of such product.

These products may be subject to restrictions on use.
Please contact SENSIRION AG for a list of the current
additional restrictions on these products. By purchasing
these products, the purchaser of these products agrees to
comply with such restrictions. Please contact SENSIRION
AG for clarification of any restrictions described herein.
SENSIRION AG reserves the right, without further notice, to
change the SENSIRION SHT1x Relative Humidity and
Temperature  Sensor product specifications  andfor
information in this document and to improve reliability,
functions and design.

SENSIRICN AG assumes no responsibility or liability for any
use of SENSIRION SHT1x product. Application examples
and altemative uses of the SENSIRION SHT1x are for
illustration purposes only and SENSIRION AG makes no
representation or warranty that such applications shall be
suitable for the use specified.

Copyright© 2001-2002, SENSIRION AG.
All nghts reserved.

7 Caution

The inherent design of this component causes it to be
sensitive to electrostatic discharge (ESD). To prevent ESD-
induced damage andfor degradation, take nomnal ESD
precautions when handling this product,

Headquarters and Sales Office

SENSIRION AG Phane: +41 (0)1 306 40 00
Eggbiihlstr. 14 Fax: +41(0)1 306 40 30
P.O. Box e-mail: info@sensirion.com
CH-8052 Ziirich http://www.sensirion.com/
Switzerland
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Application Note

Status Register

1 Introduction

Some of the advanced functions of the SHTxx are available through the status register.
This document describes the required communication and the features avaitable through the status register.

2 Revision History

August 27, 2001 C2 URO  Revision 0.9 {Preliminary)

October 20, 2001 C2 URQ  Revision 1.00 changed to new Cl

November 12, 2001 C2 URO  Revision 1.10 added status register bit for resolution

November 22, 2001 C2 URO  Revision 1.11 corrected polarity of resolution bit

January 24,2002 C1 URO  Revision 1.2 default values bit 4-7, EOL paragraph, small typos

3 The Status Register
3.1.1 Status Register read

(Allllllﬁxﬂls{alulallff\llc:hi Hﬂ
= = cksu
Mo |998 Reg 1) |58 SS90
Adr - Command
3.1.2 Status Register write
al 1T _gftlls{a{ugl! é
1499 Reg 11|
Adr  Command
3.1.3 Status Register
Bit | Type Description Default
7 reserved 0
] R End of Life {low voltage detection) X
5 reserved 0
4 reserved 0
3 For Testing only, do not use 0
2 R/W Heater 0 off
1 RW no reload from OTP 0 reload
0 R/W "1"= Bbit RH/ 12bit Temperature resolution- 0 12bit RH
‘0" = 12bit RH / 14bit Temperature resolution 14bit Temp.

www.sensirion.com Sensirion, Eggbihistr. 14, 8052 Ziinich, Switzerland, Tel: +41 1 306 40 00, Fax: +41 1 306 40 30
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3.1.4 Heater
An on chip heating element can be switched on. It will increase the temperature of the sensor by approximately 5°C. Power
consumption will increase by 8mA @ 5V.
Applications:
* By comparing temperature and humidity values before and after switching on the heater, proper functionality of both
sensors can be verified.
* In high RH environments heating the sensor element will avoid condensation.
Warning: The built-in calibration is not correct while the SHT11 is heated!

3.1.5 End Of Life (EOL, low voltage detector)

The SHT11 End of Life {EOL) function detects VDD voltages below 2.45V. Accuracy is 0.1V
Warning: This bit is only updated during a measurement.

3.1.6 Calibration reload before measurement

To save power and gain speed the OTP reload before every measurement may be bypassed. This saves ~8.2ms from each
measurement time,

Explanation;

In rare ESD environments the SHT11 may temporarily lose the calibration data from the volatile memory. Default is therefore to
reread it from the OTP memory before every measurement.

3.1.7 Measurement resolution

The measurement resolution of 14bit (temperature} and 12bit (humidity) can be reduced to 12 and 8 bit. This ic «specially useful
in high speed or extreme low power applications
‘0"is 12/14bit  "1"is 8/12bit.

3.2 Digital state machine

readaout

command status_reg
& write

command status_reg
& read,

command norma
temp, humi, Osc. mode

test startup
& read
;°_“/

Figure1 Digital Finite State Machine State Diagram

Headquarters and Sales Office

SENSIRIONAG ~ Phone:  +41 (0)1 306 40 00

Eggbuhlstr. 14 Fax: +41(0)1 30640 30
P.O. Box g-mail: info@sensirion.com
CH-8052 Zirich http://iwww.sensirion.com/
Switzerland
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Application Note
CRC

1 Introduction

A CRC checksum is calculated over the whole transmission. if a CRC mismaich is detected, the SHTxx should be reset
(command “00011110") and the measurement should be repeated.

2 Theory

CRC stands for Cyclic Redundancy Chegck. It is one of the most effective error detection schemes and requires a minimal
amount of hardware.

For in-depth information on CRC we recommend the comprehensive: “A painless guide to CRC error detection algorithms”
available at: hitp://www. repairfaq.org/filipg/LINK/F_crc_v3.himl

The polynomial used in the SHTxx is: x5+ x5+ x* The types of errors that are detectable with this polynomial are:
1. Any odd number of errors anywhere within the transmission.

2. All double-bit errors anywhere within the transmission.

3. Any cluster of errors that can be contained within an 8-bit “window” (1-8 bits incorrect).

4, Most larger clusters of errors. -

The CRC register initializes with the value of the lower nibble of the status register {(*0000's3s,5:s0", defautt “00000000™). it
covers the whole transmission {command and response bytes) without the acknowledge bits. See the datasheet SHT11 on
page 4 for an example of CRC readout.

The receiver can perform the CRC calculation upon the first part of the original message and then compare the result with the
received CRC- 8. If a CRC mismatch is detected, the SHTxx should be reset (command “00011110") and the measurement
should be repeated.

This application note will cover two methods for checking the CRC. The first “Bitwise™ is more suited for hardware or lowlevet
implementation while the later "Bytewise” is the preferred method for mere powerful microcontrofler solutions.

WWW.Sensirion.com Sensirion, Eqgbihistr. 14, 8052 Ziirich, s\;uitzerland, Tel: +41 1 306 40 00, Fax: +41 1 306 40 30
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2.1 Bitwise

With the bitwise method, the receiver copies the structure of the CRC generator in hard- or software.
An algorithm to calculate this could look like this:
1) Initialise CRC Register to low nibbie of status register (reversed (sos1s2s:/0000))
2) Compare each {transmitted and received) bit with bit 7
3) Ifthe same: shift CRC register, bit0="0"
else: shift CRC register and then invert bit4 and bit5, bit0="1" (see figure 1)
4} receive new bit and go to 2)
5} The CRC value retrieved from the SHTxx must be reversed {bit 0 = bit 7, bit 1=bit 6 ... bit 7 = bit 0) and can then be
compared to the final CRC value.?

Data @ @

XOR 0 P 1 » 2 b= 3 4 5 t» 6 [(» 7

Figure 1 Internal structure of the SHTxx CRC-8 generator

2.1.1 Example for bitwise |

Example 2: RH Measurement (as example in datasheet) Example 1: readout of status register containing 0x40
input | CRC Value Comment Input | CRC Value Comment
bit's | 0011°0001 | Ox { dec bit's | 0011'0001 | Ox | dec
000’0000 Start with contents of 0000'0000 Start with contents of
status register' status register!"
0 [ 000000000 JOO| O [1%bitof command 0 00000000 | 00 | 0 {1¥bit of command
0 | 0000'0000 f00| O [2" bit of command 0 00000000 [00] 0 [2" bit of command
0 | 0000'0000 | 0O O 0 | 00006000 JOO] O ‘
0 | 00000000 JOO)] O 0 | 00000000 JOO] O
0 | 00000000 JOO)] O 0 | 000cO0DOD JOO)] O
1 0011'0001 CRC EXOR polynom 1 00110001 CRC EXOR polynom
0 | 01100010 1 | 0101°0011
1 1111'0101 { F5] 245 | CRC after command 1 1001°0111 | 97 | 151 { CRC after command
0 { 11011011 1% byte (MSB) of 0 00011111 1 bit (MSB) of status
measurement register
0 1000'0111 1 0000'1111
0 | 00111111 0 | 00011110
0 01111110 0 00111100
1 11001101 0 01111000
0 10101011 0 1111'0000
0 01100111 0 1101'0001
1 1111'1111 { FF | 255 | CRC value 0 1001°0011 | 93 | 147 | Final CRC value
0 | 11001111 2™ byte (LSB) of
measurement
0 10101111
1 0101't110
1 1000'1101
0 0010'1011
0 0101'0110
0 1010’1100
1 0101’1000 | 58] 88 | Final CRC value

1}

@ Low nibble only, whole byte reversed (s¢515252°0000)

This is different to other CRC implementations

www.sensirion.com Rev1.03 214
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2.2 Bytewise

With this implementation the CRC data is stored in a 256 byte lookup table.

Perform the following operations:
Initiatize the CRC register with the value of the lower nibbie of the value of the status register

1.

2.

& oo

221

{reversed (ses15253'0000)). (default ‘00000000

=0)

XOR each (transmitted and received) byte with the previous CRC value.

The resuit is the new byte that you need to calculate the CRC value from.
Use this value as the index to the table to obtain the new CRC value.
Repeat from 2.} until you have passed all bytes through the process.
The last byte retrieved from the table is the final CRC value.
The CRC value retrieved from the SHTxx must be reversed {bit 0 = bit 7, bit 1=bit 6
compared to the final CRC value.®’

256 byte CRC Lookup table

... bit 7 = bit 0) and can then be

2

3

4

§

6

7

8

9

10

H

12

13

14

15

16

17

18

19

20

21

22

3

24

25

26

27

28

i

30

3

43

98

83

196

245

166

151

185

136

219

234

125

76

ki

46

67

114

33

16

136

182

229

212

250

203

152

169

62

15

92

109

32

33

34

35

36

37

33

39

40

4

42

43

46

47

49

51

52

53

55

ST

S8

59

6t

61

62

63|

134

183

228

213

66

115

32

17

63

14

93

108

251

202

153

168

197

244

167

150

48

99

82

124

i

30

47

184

137

218

235

64

65

66

67

68

69

70

n

72

73!

E

74

75

76

7

78

79

B1

82

83

84

85

86

87

89

90

91

92

93

94

95

61

85

110

249

200

155

170

132

181

230

215

64

113

34

19

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

187

138

217

232

127

78

29

44

51

98

81

198

247

164

14|

79

12 113]
201

28

45

186

139

216

232

199

246

165

148

50

97

80

114

115

116

117

118

119

120

121

122

123

124

125

126

127

mn

60

13

94

1

65

112

35

18

133

180

231

24

128

129

130

131

132

133

134

135

136

137

138

13

140

141

142

143

122

75

24

41

190

143

220

237

185

242

161

144

54

101

84

145

146

147

148

149

150

151

152

153

155

156

157

158

159

N

106

253

204

159

174

128

177

226

rkl

68

17

38

23

160

161

162

163

164

165

166

167

168

169

170

m

172

173

174

175

17

178

179

180

181

182

183

184

185

186

187

188

189

190

9

252

205

158

175

56

9

90

0?7

69

116

39

22

129

176

r7

210

142

221

236

123

74

25

40

65

100

85

194

243

160

145

182

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

209

210

21

212

213

214

215

216

217

218

219

220

P4

222

223

n

118

37

20

131

178

225

208

254

207

156

173

58

"

88

105

53

102

87

192

91

162

147

189

140

223

238

121

12

27

42

224

225

226

227

228

229

230

23

232

233

235

236

237

238

239

r3|

242

243

244

245

246

247

243

249

250

251

252

253

254

255

193

240

163

146

52

103

86

120

73

26

43

188

141

222

239

179

224

208

70

119

36

2

59

10

89

255

206

157

172

(2}

This is different to other CRC implementations
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2.2.2 Code example for lookup table

The following procedure calculates the CRC-8. The result accumulates in the variable CRC.
var

CRC : Byte;

Procedure calc_ CRC(X: Byte);

Const

CRC_Table : Array[0..255] of Byte = (

o, 4%, 98, 83, 196, 245, 166, 151, 185, 136, 219, 234, 125,76, 31, 46, 67, 114,33, 16,
135, 182, 229, 212,-250, 203, 152, 169, 62, 15, %2, 109,134,183, 228, 213, 66, 115,32, 17,
63, 14, 93, 108, 251,202, 153,168, 197, 244, 167, 150, 1, 48, 99, 82, 124,77, 30, 47,
184, 137, 218, 235,61, 12, 95, 110,249,200, 155,170,132, 181, 230, 215, 64, 113,34, 19,
126, 79, 28, 45, 186,139,216, 233,199, 246, 165, 148,3, 50, 97, 80, 187,138,217, 232,
127,78, 29, 44, 2, 51, 96, 81, 198, 247,164, 149, 248, 201, 154, 171, 60, 13, 94, 111,
65, 112,35, 18, 132,180, 231, 214,122, 75, 24, 41, 190, 143,220, 237, 195, 242, 161, 144,
7, 54, 101,84, 57, 8, 91, 106,253,204, 159,174,128,177, 226,211, 68, 117,38, 23,
252, 205, 158,175, 56, 9, 90, 107,69, 116,39, 22, 129,176,227,210,191, 142, 221, 236,
123,74, 25, 40, &6, 55, 100, 85, 194,243,160, 145, 71, 118,37, 20, 131,178,225, 208,
254,207,156, 173,58, 11, 88, 105, 4, 53, 102,87, 192,241,162, 147,189, 140, 223, 238,
121,72, 27, 42, 193,240, 163, 146, 5, 52, 103,86, 120,73, 26, 43, 188,141, 222, 239,
130,179, 224, 209, 70, 119,36, 21, 59, 10, 89, 104, 255,206,157,172);

Begin

CRC := CRC_Table[X xor CRC];
End;

3 Revision history

{ Date Revision Changes ;
December 30, 2001 0.9 (Preliminary) | Initial revision ‘ 4
February 18, 2001 1.01 !
February 27, 2001 1.02 corrected bug in CRC register init. (byte must be reversed)

May 16, 2002 1.03 emphasize that command fo SHTxx is also in CRC

The iatest version of this document and all application notes can be found at;

www.sensirion.com/en/download/humiditysensor/SHT11.him

Headquarters and Sales Office

SENSIRION AG Phone: +41(0)1 306 40 00

Eggbihlstr. 14 Fax: +41(()1 30640 30
P.O. Box e-mail: info@sensirion.com
CH-8052 Ziirich http://www sensirion.com/
Switzerland
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Application Note
Compensation of RH non-Linearity

1 [Introduction

The SHTxx devices show a small non-linearity of the humidity sensor.
This application note describes various ways to compensate it in the attached microcontroller.

2 Revision History

October 20, 2001 C2 URO  Revision 0.9 {Preliminary)
February 10, 2002 C2 URQ  Revision 1.0 modified to fina! coefficients

3 Implementation

If the formula on page 2 of the SHT1x datasheet is to complex and therefore too computation intense, the follow calculations
may provide simplified alternatives. -

The examples are based on a 8 bit humidity readout. 12 bit readouts can be converted with similar formulas but with a slightly
more complex calculation.

Type of calculation Inaccuracy due to non- | Complexity of calculation
linearity (10-90%RH)
linear +2.2%RH Simple (8bit subtract, right shift)
2 *linear +0.8% RH Quite simple (8bit multi, 16bit add/subtract}
Polynomial 2" order | +0.1% RH Floating point multiplications
100 a T 1 : : e T S i Sl el
' 1 i r 1 Lo s | “‘ [ 1 1 ' I ' 1 1
b 1T cTTTTT T T CT T I Coa 1 Y
8o} - -~ - S E—— R iwfknv‘---h;,-,'/-f--ﬂ‘--q R T i e s iy Sty
' 1 ! 1 = 1 .Y ] 1 1 i 1 i 1 " P ‘_-'I
W0E - === —-r - - e oo Lo oo ST A
1 1 i Pl 1 1 1 i e T e el e R e S
o] T ek o R oA 5 P T Y A l
1 1 1 . I 1 1 E * hY] 1 ) 1 “ 1 |,“ 1 1
§ o~ --- T i oo . ) SO NS U SO N JU S
| A AR Voo S 4] 2 T 0 N L A \
I |,,'-’,r’(' | ' . ) g:E . 1 -""\‘.___:_“ L ) i i n‘f’...J DA 1
0 ---- SEEEST AR B T - a- e T e R T R
1 1 1 ! ' 1 1 1 ™y . | 1 4 ! { '
20F---- / m-p----- Rl Lt R R : SN A (A !
I R /S b . PR . i B e e o e b
o 1 i ' . 1 t 1 1 il PR L | 1 [l |
g ' 1 1 1 . ' : [l 1 1 t 1 1 |
ot_..’;-’ _________ T _________________ I—————-:A—ﬂ o | 1 1 1 1 1 1 1 |
0 500 1000 1500 2000 2500 3000 '30 10 20 30 40 50 60 0 80 90 100
SOR_H digital output %RH

Figure 1 Inaccuracy due to non-linearity, original{from datasheet, black, dash-dotted), linear (blue, dashed), 2*iinear (red, dotted)
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3.1 Linear

The most basic conversion formula from sensor output to %RH is:
RH, .=c¢ +¢, * 50,

with ¢s=0.5,¢,=05

3.2 2" linear

For improved accuracy with minimal calculation complexity the following calculation is recommended:
RHea = {2*SO + b) / 256
Where SO denotes the 8 bit humidity sensor output signal.

C e e e e

. Validity a b
0<S0< 107 143 512
108 < SO < 255 1 2893

With the above values the calculation can be done with a single 8 bit multiplication followed by a 16bit addition / subtraction.

Sample Code:

ulée result; // 16Bit unsigned for the result
u08 sensor_out; // 8Bit unsigned for the senscroutput

sensor_out = readSensor8(); // read 8 bit humidity value from SHTxx

If { sensor_out <= 107 )
. .

i

result = mult8Bit{ 143, sensor _out }; // result = a * sensor_out
result <« 512 ? result = 512; // check for underflow
result = result - 512 /S result = result + b
J
else
{
result = mult8Bit( 111, sensor_out }; // result = a * sensor oput
result = result + 2893 /¢ result = result + b
result > 25600 ? result = 25600; // check for overflow (opticnal)
}

//8 MSB’s are 0-100%RH integers, 8 LSB’s are remainder

result = result »>> 8 // result = result / 256

3.3 Polynomial 2" order
Please consuit the Datasheet for formula and coefficients.
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