&

d' :,’ %4 Y WA
msmmumu‘luaﬂium

Tag
waamglSen  wuzluiiy sHatnAny B5003686
wglndg Wariia sHatnAny B5017171

U IUHTUIMIANEIIV 427499 TATINUIAINTTNINIANINAN
> ) U ) ) ) U U
HANgASIAINIINAAASTUNA AVIBIAINTININIANAN Hiangastuilge w.a. 2546
o W A a d a v = G
a1in3IINIINMAA3 NHIINaEmAl W adg v

szmamsanyn 3 Ynsanun 2553



A Z 9 Yo [P/
insa3smiau lsonluea

AMZATINMTEOU INTI9U

] o d o o
(ATemdns191s8 (Feonieien as. sz Tewd Maiad)

A (=
ﬂi'iiJﬂ'l'i/E]'l"lﬂiUmﬂﬁﬂy'ﬂﬂiﬂ\‘]']u

™

%>@/

1 4 @ J
(él:‘]f']ﬁlﬁ'lﬁﬁi'\%'ﬁﬂ AT. NTATIA NOINI)

NITUNIT

A

) d @
@oemans19158 a3. w1gydo noalan)

NITUNIT

a @ wva o % J | 1 £
wrmIneaomalulaggsus eyddldiusenulassauniud Wudiunisves

=2 @ a a a a a
MsAnE1TzAUlTyRInT M1v13sdaanssuInsauuinn 390 427499 TaT991U3fINTTY

o

Insauway Uszsiilnsdaun 2553



Tasenu inseasainduliion Tuia
Y o a o L o @
AauHuY Luamglion ye Tuu s¥ia5£916 B5003686
2.0 Indg Wariy sHalszddd B5017171
210158NSnn WA.3.0. A543z Tewl maiad
3% 30350 TNIANUIAY
MAMIANY 3/2553
U |
UNAED
(Abstract)

% d’l o w a [ 9 v A [ U Yo w
TulapiuiiTandaundgynuilymiaiz lansou  dwiesnnnninensihldmaes

[

o & = Y dq YA Y 9 A v
WﬂJﬂth ﬂ\iuuw’]\jﬂ']ﬂiﬁﬁ]\311@]11ﬂ'ﬁimi\iﬂﬂlﬂwﬂ'ﬁﬂgﬂﬂuqﬂ HAZIWDDIUIYIANUTSAINUANNIT

]

o A Y Y o wa A N X A o P
V]’N”Iu"Uﬂ\uﬂi@Qﬁ@u’]@]uhlilﬂ@'liull@ o QZTUﬂ']ﬂ’J'UJGD'u!LﬁZQmﬁ{]“ﬂ’]u@ﬁl“]ﬂul“ﬁﬂﬁlm’]“’]

o ¢ A o A ' A ) Y A ' o
UszunawalagadluTasaou Insames wedaau ladazsinmssatigu livse lu uazdimuise
M 1dlu Tnuavesmsaena e ldinmasaiiau liamiainasld Tasamsila — e oz

' A ¢ P o ' A ) ) wa
AruANHIU TaauoeR1182 1IN1TNadeUNTTONNYd nTeesaidn lifon Tuidauiso

o Y a A 9
Vﬂ\ﬂullﬂi]i\WHJJ‘ﬂﬂ’fJﬂ!!‘]J“]Jtl’JnﬂL]Jigﬂ’li



dnfanssnilszmea
(Acknowledgement)

v o A A 3{: £Y 9 o wad 9y o 38 ¥ A
ﬂ’]ﬁﬂﬂ'ﬂ’]TﬂﬁQQ’]uLi@ﬁ !ﬂﬁ@Qﬁﬂu’]@]uUlllf)@1Iullﬁullﬂﬂigﬁﬂﬂj']llﬁ']lﬁﬂ@'lfl@

4 Yo ¢ Yo Y ' ' oA
mmmﬂ”lmummmgmiwwclumﬂwmﬂ%miumumm Glu§$ﬁ’JNﬂ1§ﬂHuuﬂiﬁfﬂ”lﬂuﬂﬂﬁ

Y }4
v A KX

] 4 [ o :’1 {3 o o

natemun la ldanusiemasuaz 1915 a1 saunsdoauounziiluise Tosii lun13via
Y

Tasesnuassil Fayanama

= Y
Mlszneuaie

¢ o o £
We.5.9. A3.152 Tews1l Aalaa

o .
(®19158N15au19015a81 Tng9910)

4 o =R = a a J
wielnlsnd yylne (infAn¥1Tyan Inaandmuuaninseting)

LY a v =K = a =
Weainge Uulvsu GindAny1)Sya InanandsimaTuTagans auma)

9 Y ' Yt = 9 1 A ' Y Y

mwmﬂﬂimamaummm@mmmummmamﬂmuwumuimiumﬂﬁma dauae
< '

AIIFNUIU DAV

) Témsquanaz Idanud luneany

g A o v A

WunFav lunismisieauniiuiiou
A v L 9 9 - . y A
wugwms IsauTdsunsy s wovenwszgaiuediageld w all

uaMglion we Tuiu
welndy Wy

AmzEIATh



GARILY
4
1509
UNANLD

naanssulszme

v

ATUYAITN

UNH 1 YN
I
1.1 anudluan
1Y 4
1.2 Jagilszaqn
1.3 UDLIUNIU
Y
1.4 TUADUMITAWI U
4 H 1 )
1.5 U5z Teminamanog a5
4 - o A4 g
UNT 2 NgBYUazrianms NN IV
2.1 YN
4
2.2 lulasaouInsamos
A 4
2.2.1 puaNiaved MCU 1J05ATmegal28

a

k4
v o Jd o
2.3 waﬂmimﬂmﬂlmmumammum%uuaz’qmmm

u

2.3.1 U035 SHTIS

a

[ Jd o
232 Auanyuzmmzved lod uazuesaia/miugugungi
A o o @
HAZANMUFUTUNNT
(% o a 4
2.4 ¥anmMIMNuved Isauoen
a J J .
2.4.1 T6auesn11a3 (Solenoid Valve)

[ o a J
2.4.2 nanmMsmauveslsauesn

2

2.5 M3 14911 RTC (Real Time Clock) §38 DS1307
2.5.1 msSudedeyauuy I'C

2,52 A0UYRINMISUdTyau DD I'C

10
12
13



1518y (A0)
4
1509
UNN 3 HanMIMIUazns1%1Usunsy Winavr
3.1 Uni
3.2 A1390NLU Hardware
4
3.2.1 myoanuuyluInsnou Insames
3.2.2 N300 YUY Relay L1 Solenoid Valve
3.2.3 N3oanttUl Sensor SHT15
3.3 N150DNLL Software
3.3.1 Flow chat
UNN 4 HANSNAADI
4.1 YN

a

14
4.2 MIIAMANNTUIAZYUYIR

U

9 = A

[ Y )
43 manaaaumimanuaeansesiaindu liioa luiadedwainasld
o A 9; Y Y o A o g
4.4 MINATDUMIM UV UATRIIALGU liToa Tuiasfvuaanuary
VN 5 IATEHNANINADS
5.1 UNi
5.2 ANTTHHAMINADDI
- v
uni 6 agluazvarauanuz
6.1 YN
6.2 a31wamsnadou
6.3 Jynuazgilassn
6.4 TolAUDUUE
MANUIN N 1151151 WinAVR
MaruIn v 1aaldsunsy

MANHIN A Data sheet

17
17
20
27
28

29

35
37
38
39

42
42

45
45
46
46
47
56
83



UITUNIN

1518y (A0)

4
Hin
104

105



i

a13

€
@
e

304
ﬂﬁ 2.1 Pinout ATmegal28
51l
i
1
1
510 2.6 uaasdnBUL Y IEA LR 1A
51l
i
i 2.9 dwmisnnled RTC DS1307
i
i
1
1
1
1
1

y a 4 4 3; %
19 3.3 a3agmslFnuasossaiiau 1o s T

€an

2 1% UIH03 SHT15

=2
o o

.3 Relative Humidity

€an

&an
=2

2.4 Temperture

a 4 4
2.5 Tyauosanan

&an
b =Sh.

] <
7 UnnaLuian

(NSRS

o a J
8 @A1MZNMSINNUVDIVARIA S UDUA

&N e
=2

Qe
[\ [\

11 msFudedoyarinia I'C

€an

=2

y = 9 4 ' @ 2
2.12 ﬂ']ﬁlsllﬂusllﬂl\!af;ﬂﬂim Slave M1 UUA Ic

€an

2.13 Mseuvoyagnsal Slave Aia - IO

&an
=2

2.14Famosmolulodgunal DS1307

&an
=D

A ) R wn
3.1 §$Uﬂlﬂﬁﬂﬁﬁﬂu1ﬁuqmﬂﬁ1uﬂﬁ

&
=2

[ Y
3.2 1n3e9saihndu lio e 1uga

&an
=2

€an

314 3.4 29950030l TAsAouTnsames

1)

31

1

1)

31/ 3.9 M3vOAULY LCD
i

191 3.11 MIv 0L 2N4403

=2

3.5 MI99NLUY ATmegal28

€an

=2

3.6 MIvanuUU IC 74LVC245

=2

3.7 Msoenuuy LM1117T33

€an

=2

3.8 Msvanuuy DS1307

€an

=2

3.10 MT9DNLUY MAX 232

€an

€an

317 3.12 mseenuvIvlides sv

A ' 9 o JY @ 2
.10 NS uae DS1307 L"lﬂﬂ‘UthIﬂﬁﬂE]‘LlIﬂiﬁLafJﬁﬂ’Jﬂﬁ$U‘U‘Uﬁll‘U‘U IC

AN

10
11

14
14
15
15
17
18
18
20
21
22
22
23
23
24
24
25



a3yl (@0)
A
1393

191 3.13 MIOOALVY Switch

€an

11 3.14 mauaasraiivthae LCD
i

1)
31
1)

d' 0 A N K,
qﬁjﬂ% 3.19 !lNuﬂ’]Wﬂ’]ﬁ'ﬂ’]Qwumﬂﬂlﬂﬁﬂﬂﬁﬂuwﬂu‘lﬂ

Qan

3.15 2993 Relay U1 Solenoid Valve

&an
=2

3.16 Uo3a Relay AN Solenoid Valve

&an
=2

=2

3.17 N993 Sensor SHT15

=2

3.18 Sensor SHT15

€an

310 3.20 upum e Fun1snanave sk o ssarindl sy

U7 321 urumwilsdFumssarndu o dasossarhei 1)
31
31
)
31
)
17 1.3 m11A19 Welcome o the WinAVR 20100110 setup wizard
I

1nn.s ﬁﬁIW]'N Choose install location

Qan

a

Y
1 udadsMInaaouIamanNudy taggungil

G

=D.

~ B

R K
2 ﬂ’]ﬁ'ﬂ@aﬂﬁﬁﬂu’]ﬁuulll

=2

v v
a =

4.3 UINUNMNINAADI

&an
=2

A Aa ?x’/
n.1 @onlisunsunanas

=2

1.2 139NN

&an
=2

Qan

7.4 11111914 License Agreement

&an
=2

Qan

Y71 0.6 11119119 Choose components
i1
i1

317 n.9 @enT1lsunsn aStudiodbs28

Qan

Y1 .
1.7 U1 Installing

&an
=2

1 a g’/ [ 4
.8 Wﬁ?@?ﬁllﬁ@ﬂﬂ?ﬁ@]ﬂ@]ﬂlﬁﬁfﬂﬁﬂyﬁm

&an
=2

Qan

i1
i1

19 n.13 ﬁﬁIWI'N Select features

A.11 #1194 License agreement

&an
=2

n.12 W:ﬁ 1149 Choose destination location

&an
.

Qan

p] Ui n.14 nhena Ready to install the program

1N n.10 W:ﬁ 9119 Welcome to the installshield wizard for AVR Studio4

25
26
27
27
28
28
29
31
33
35
36
36
48
48
49
49
50
50
51
51
52
52
53
53
54
54



a3yl (@0)

304 n!
s1ii .15 wihduaansiatod umsaaUsunsiAVR Studio 4 55
p] ﬂﬁ .16 N13 Connect to the selected AVR programmer 56
71t n.17 S maitlalnld HEX 56
31 .18 ueraen1aidon Wd HEX 57
31 .19 M s Tums Twan IWd HEX 57
3 ﬂﬁ 1.1 Ordering Information 86
gﬂﬁ 1.2 Block Diagram 86
g‘ﬂ“ﬁ .3 Table 1 Sensor Performance Specifications 87
3 ﬂﬁ 1.4 Rel. Humidity, Temperature and Dewpoint accuracies 88
p] ﬂﬁ 1.5 Typical application circuit &9
p] ﬂﬁ .6 "Transmission Start" sequence 90
3 ﬂﬁ 1.7 SHTxx list of commands 90
3 ﬂﬁ .8 Connection reset sequence 92
p] ﬂﬁ 7.9 Example RH measurement sequence for value 92

“0000°1001 *0011°00017= 2353 = 75.79 %RH (withouttemperature compensation)

p] ﬂﬁ 7.10 Overview of Measureitient Sequence (TS = Transinission Start) 93
p] ﬂﬁ f.11 Status Register Write 93
p] ﬂﬁ .12 Status Register Read 93
g‘ﬂ“ﬁ .13 Status Register Bits 93
p] ﬂﬁ f.14 SHTxx DC Characteristics 95
p] ﬂﬁ f1.15 SHTxx I/O Signals Characteristics 95
gﬂﬁ .16 Timing Diagram 95
p] ﬂﬁ .17 Humidity conversion coefficients 96
p] ﬂﬁ .18 Conversion from SORH to relative humidity 96
p] ﬂﬁ .19 Temperature compensation coefficients 97

p] U9 .20 Temperature conversion coefficients 97



a3yl (@0)
A
13949
g‘ﬂﬁ .21 Recommended operating conditions

U9 71.22 Qualification tests (excerpt)
3/

1l
31

U9 71.26 SF1 IP67 filter cap mounting example

Qan

=2

71.23 SHT1x Pin Description

&an
=D

.24 Tape configuration and unit orientation

=2

71.25 SHT1x PCB Mounting example

€an

gﬂﬁ 7.27 SHT1x drawing and footprint dimensions in mm (inch)

98

100
101
102
102
103
103



a3 UYN
A v
13949 Hin
{ { a 4 a
Gl']ﬁ']\iﬁ 2.1 fﬂﬁﬂ')‘ﬂﬂllﬂﬁ?ﬂaﬂﬂﬁﬁﬁamm@iﬁj’lﬂﬂiiL“]f@‘ﬂﬁ RS1, RSO 16
v 9
M13199 4.1 M3TaMANNTULAQUHYN 37

Y
) 4 A o

A o A 3:: 9 o va A =K Y
M1319N 4.2 Nam3°nmmumﬁmmummmﬁmmumu"lm&ﬁum mamnamm% 38

H ] Y ] k4
A1519% 4.3 Nﬁfﬂi“l/lﬂﬁﬂ‘ﬂﬂ?iﬁiﬂuﬂlﬂﬂlﬂgﬂﬁﬂﬁT@%}uqﬁlﬁﬁIuﬁ@ HMUUARIA NN 39

2



1.1 anwihan

}4
= v a U

TulagtiuiiTandauwdydulymaiigTandou dwileunainniwernsthldiiaiy
) R 7 Yy Y vy X a w ¥ o =
wua l aaiumemasgaalaimssased ldimsdgndu bl saywsdluTantipindeshands
(=) %-‘ Y Y= o 9 a a A Y A 3:: Y 9 o md’g A o
Tutinanlumssahdu iy Tohldnaanufiniezasiuaseesaiaulion Tuiayuuuiesuie
' do @ A ¥ v A9 Y
ANNAZAINUAYAAANTNY [an LazNoAdUaUBIAINADINITVBINIATINABINT 1N NAY

l v v Y Y A Y [ i', A 3; @ waf Y
Gﬂﬁﬂﬂuﬁﬂyqﬁuhlul,waﬁ@ﬂ']’lgiaﬂi@u QQUUIﬂﬁ\i\ﬂulﬂiﬂﬂiﬂu']f)ﬁiuuﬁﬂ\ilﬁu'lgﬂUIﬁﬂcluEC!ﬂ

Jagiiu

(Y] d
1.2 Jagilszaan
A 9 ' A Y Aa o w
1. 1iBAD DANBINIIUADINFVDIAIN AR NABIN I ANNAzAIN TuFIAs2 iU
2. WBABUAUBIANUABINITVBINIASY
3. wio Idyanaia liumeanlamsigaau 1
A Y
4. oaan1az Tan3ol

5 e lFlunsinyag

1.3 YU UMIU

1. dnem sl 1lsunsy WinAvR
o
2. dnmmsldlulasaouInsamos
3. 9OALLUINITAN 9
9 o A s
4. adr1uesanasinauguanlulnsnouInsames

a

9 a A
5. “I/Iﬂaf]Qmﬂ%ﬂmm%ufﬁﬂlﬁﬂ‘ﬂﬂﬂwmﬂ



1.4 YUABUMTA UMY

o A A v 9

= = o ~ o A o Ay = A
1. ﬁﬂ‘}iﬂﬁﬁlﬁﬂ\?ﬂﬁﬂﬂﬂ]iﬁﬂy”Iu’]iJ”Il‘]J%EJ‘UW]EJ‘U UAZNINTRADNHIVDNABINTITIANHUITON
A g Y 9 v A
!ﬂﬁﬂﬂﬁﬂu’]@]u]lllﬂﬁiullﬁ

=< 9 =< 9 o o 9 aa A Y v o Y 9
2. ﬁﬂquﬂyaﬁﬂquﬂuauquqﬂ§$ﬂ@ﬂﬂﬂﬂjﬁlﬂgcﬂﬁlﬂcﬂqyQﬂlﬂﬂjﬂlﬂﬂﬂﬂﬁjﬂla nivoya

U

A a a v o 9 AY =
INURUNYINUVNIVONADINITANY

o o A /o d A o4 = = - A <
3. “Vnﬂ’]ﬁﬂﬂ“]ff)Qﬂﬂimﬂlﬁﬂﬂ§@11!ﬂﬁ7]€hgﬂuﬂ'ﬁﬁﬂy'] L!agﬁﬂETQﬂﬂimﬂlﬁﬂﬂ'iE)Uﬂﬁ
= A A~ 3
4. ﬁﬂ‘]&l’]ﬂ’]y']“]ﬂWﬂHJEJUIﬂﬁllﬂiiJﬂ’)‘l]ﬂilﬂ’]i‘ﬂ’]\ﬂu
Ja o a 4 =~
5. @]ﬁﬁzﬂﬁﬂ‘ﬂiﬂﬁllﬂimlla$f2ﬂﬂiﬂl@lﬁﬂ‘ﬂiﬂuﬂﬁ ANDAIUNITLOTIULDNETT

Ianenas taziiaus Inssny

1.5 UseTamifimanegldsy
1. ¥ ldyarana liunaulamailgndu il
2. @nseaanizlaniou g
3. annsoin W lumsmuas 16

o I A
4, mmmmmw,ﬂumm”lﬁ'

a o ] 3
5. @I ns e etuiazunTyweduiluszuyle



UNN 2
- v A4 g
NgUYUAZHANM NN IV

2.1 NN

v '
= 9

o A o 9 Yo wa 1y 99 9 = Y A A
ﬂ’]ﬁ“l/]ﬂﬁﬂﬂﬂ'ﬁ'ﬂ'N']uﬂl@ﬂlﬂiﬂﬁiﬂu’]ﬂuquﬂﬁiuuﬁ UlﬂGlsﬁmq}lallﬁﬁﬁaﬂﬂ'ﬁmlﬂﬂjmﬂq o

F4
v

J Jd o A a a IR A o
Ulijiﬂﬁﬂﬂuiﬂimﬁﬂi UL DIIANIITNTULASYUN Y ngi“ﬁﬁuﬂﬁlﬂ FANNANNITNINIUY

aaao 1l
Y] o d
2.2 ﬂaﬂﬂ]ﬁﬂ]ﬂ]umﬂﬁﬂuiﬂiﬂ@Hiﬂﬁﬁ!ai’)ﬁ

J . o o o & A . =
”laﬂmmuimmam ( Microcontroller ) 4191091 2 A1 AT UIND hliJTﬂﬁ (Micro) Y1803

Y
v v

3 o 1 4 1% J
VUIALAN LATANT1IN ﬂEJ‘LlI‘VI'iﬁLﬁ’éJi (controller) ﬁi]’]ﬂﬁﬂ@?ﬂ?ﬂﬂuﬁ%ﬂfgﬂﬂﬁmﬂjﬂﬂﬂ ANUU
7 = = ¢ < ' o @ S Aygy
luTasaouInsames Jananedsginsalmuguuinaan ualuddginsainuguuniaanil 14

{ % a s A v l} '
U5IIANAINIsONAR1BATINDIZDUABNNIADS AL Tasdaulngiduine na1afenitelu

1 o 9

S ¥ S A s =R I U o
Ullliﬂiﬂﬂui‘ﬂimaE)ih],ﬂi’lmfﬂ“‘ﬁWEJ UUIAAITN] LLASNDTA %QlﬂuﬁﬁuﬂiZﬂﬂﬂﬂ’ﬂﬂﬁ1ﬂﬂlﬂlﬂﬂ

U 9

v

o~ J v vy o 9 o oA 1%
5$1J‘1Jﬂ6111/\l?1!,@165151nhhﬂ38ﬂu Iﬂfﬁfnﬂ?iﬂiiﬂlmqq’ﬂuﬁjﬂﬂlﬂﬂjﬂu

}4

1 F4
Tulassuiiiluveia lulnsneuInsames luaszna AVR 409155 Atmel Fauodail

A ¥ ¢ . ) s 3 y A
mﬂﬂslﬂf MCU o3 ATmegal28 VUM 64 Pin TﬂElfnﬁﬂﬂﬂllfﬂ‘ﬂiﬂi\‘]ﬁi”l\‘]‘llf)\‘]ﬂf)iﬂuufﬂ&uuﬁﬂ\1

< A

msiaruesaliivuiamniie iiwdenisiilidssgndldau Tag 1@ MCU 1daaeas

k4

1 @ S A Ao & [ Y & [ (3 o
ﬁﬁuﬂﬂf}ﬂﬂﬁmwuﬁqu%ﬂnﬂu L!agﬂﬂﬂn@@ﬂﬂ']is]ﬁ']uﬂ']ﬂu@ﬂ FINTIALTYIVIAYUTIUISNINAG

EX]

v A 1 (Y

] 1 Y
sadesocuiluszdouie a1 sone lFnu 18 laeazain Tasndiuesasz s liaes +5v



2.3 paaniiAves MCU 1105ATmegal28

THEO =
T |
P =~ —~
[ I~ . T T = (O o —
] B Q0 B o0 = o B
o ooao oo E E
Qo pESTILLLL 222
Szofodlidfb=02=x¢d
= (7 << 0L oo l0OOodd (9 =>=>=00 o
OO0 0O00O00O0O00O00nMOMnMnn
— TR B6 & - 3
PEN[]1 OEE CBBREBAIRAG Ecuajpaamnza
RXDO/(PDI) PE0 O 2 47 [1PA4 (AD4)
[TXDQ/PDO) PE1 O 3 46 [ Pas (aDs)
(XCKo/alND) PE2 [ 4 45 [1PA6 (ADE)
(OCaa/alN1) PER O 5 44 1 PAT I:AD?:I
(DC3BANT4) PE4 O 6 43 [1 PG2(ALE)
(OCACANTS) PES O] 7 43 [ PCT (A15)
(T3/NTs) PE6 (|8 41 [1PC6 (A14)
(ICP3ANT7) PET [ 9 40 1 PCS (A13)
(32 PE0 O 10 20 [0 PC4 (A12)
(SCK) PE1 O] 11 28 [ PC3 (A11)
(MOSI) PB2 [ 12 a7 O PC2 (A10)
(MISO) PE3 O 12 36 1 PC1 (AD)
(DCo) PE4 O 14 35 [1PCO (A8)
{OC1A) PB5 O 15 24 O PE1AD)
{OC1E) PBs O 1 _ 33 [ PGWR
et R R LR :
OO OO OO0 O OO0 n
S0 oy 5 — 0 = 0o
B R ipcz2BEREERER
S B o= XTI CE
Oy =Zg=uld —~
oy -] 2 JET==~2
3] ag% =
] SEEE

314#:2.1 Pinouf AThiega128

1. AnwWsadganauinI Crystal 16 MHz

2. 5095UMs Tsunsuuuy SPIuas JTAG (Reel#5 i uuesa ET.AVR START KIT
V1.0)

3. Power supply Tduseaulnih 4sv-ss5v

4. aelu MCU finitenus1 T1sunsunuy Flash 4119 64 KB #128a2103149030
RAM 119 4 KB ¥1i28a21031903an 135101 EEPROM v11a 2 KB a1u15naumag

e 18n11 100,000 A



5. $1U9U /O gagaiia 53 VO Pins H91dayana VO 923in15 199115 1miuves Function

De e

91 9 Bnga
5.1 SPI 914U 1 09, 12C 914U 1 %94, 10.Bit ADC 911U 8 H09
5.2 Programmable Serial USARTs 314U 2 ¥4
5.3 Timers/Counters 8.Bit 914U 2 ¥0 4 , Timers/Counters 16.Bit 314U 2 ¥04 s

8.Bit PWM 2 %04 , Watchdog timer , Real time counter

a

aq ¥ ' = Y q ¥ = )
6. wuqmwgu“lmmszmn -40 °C 939 +85°C (mﬁlf’mqummu 85°C "l]ZfT”IiJ”Iiﬂbl“]N”lu

U

a

188920 7 wazdhlFaungamgi 25°C aganinlnuldne 1003))

G

a

(v o [ XY X
2.3 HanNMIMANUVIUBUIBDIINNI duuazqmﬂﬂu

U

2.3.1 19593 SHT15

I aaa - a [] o
SHT15 Lﬂuqmwgummmmzw 15 3111"?51‘!51131! 14 waz 12 davesnnuuuud lums

F4
agavgitazANUFUMNIAY

511 2.2 w3 SHTIS



Maximal accuracy limits for relative humdity and temperature:
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M3AnA1YsUNIN WinAVR

1. auianani WinAvR.20100110.install.exe

| KENG TCE (F2)

=

File Edit View Favarites Toaols Help

@Back - @ - ‘h pSea!ch |, Falders ﬂgv

Address

File and Folder Tasks

BN Rename this file
B Move thi
By Copy this file

%% Publish this file to the
Web

& E-mail this file
Delete this file

Other Places

i@ My Computer

{8 My Documents
. Shared Documents
& My Netwark Places

Details

+|[3]6o |Links

) LCD 12864V _KORAT

ranas Microsoft Office
L1KB

@ Docl
ranans Micrasoft Off Ward 97 - 2003
5 KB
LCD12864V_MNEW_ V4 SE-ED
E WinRAR archive
B

UsB 2.0 TO
@ R5232(DT-5010--DT-5011--DT-5018)
8,055 KB

st 0.1 @en Tilsunsunaaas

A <3 Y a
2. 1@9nNNIY L ILadInan OK

Y
a (4

l=[E] 5 |

(E TR S

Address | F\

File and Folder Tasks

Bl Rename this file
B Move this file

Q Copy this
%% Publish this file to the

Web aStudiodb528
& E-mail this file | Setup.exe
o Do Macrovisian Carporation

Reportl

1‘ LCDL2864Y_KORAT

v||3/ 60 | Links

ord 97 - 2003

Installer Language

LCDL2864V_MNEW V4 SE-ED
WinRAR archive

/8 My Documents
I Shared Documents -]

O My Network Places

Other Places
Please select alanguage.
i@ My Computer @

769 KB

USB20TO
RS232(DT-5010--DT-501L--DT-5015}
8.055KB

Details

1l n.2 @onmm
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3. Aan Next

@) WinAVR 20100110 Setup = |5 |

Welcome to the WinAVR 20100110
Setup Wizard

This wizard will guide ywou through the installation of \WinAvR.
20100110,

It is recommended that yvou close all other applications
befare starking Setup, This will make it possible to update
relewant syskem files without having ko reboot your
computet,

Click Mext to continue.

ek = Cancel ;

317 0.3 1111619 Welcome to the WinAVR 20100110 setup wizard

4. fanl Agree
{8 WinAVR 20 10010 Setup ?0) = [ B |

Licenze Agreement
Please review the license kerms before installing Windwve 201a0110, @

Press Page Down to see the rest of the agreement,

inNinA‘u'R Licensing InForrmation -

GMU Binutils is distributed under the GMU GPL License.

GHU Compiler Collection {@CC) is distributed under the GNU GPL License.,

avr-libc is distributed under a BSD License,

avrdude is distributed under the GMU GPL License,

GHU Debugger (GDE) is distributed under the GNU GPL License.

Insight is distributed under the GMU GPL License

SirmulayR is distributed under the GMU GPL License

AYaRICE is distribubed under the the GRU GPL License., -

If vou accept the terms of the agreement, click T Agree to continue. You must accept the
agreement toinstall WinAYR 20100110,

< Back I Agree Cancel |

319 0.4 11111914 License Agreement

UG




S.

A Adg Y a
Lﬁ@ﬂ“l/l!ﬂ‘ﬂi‘ﬂillﬂiil UaINanN Next

— il
@WinAVR 20100110 Setup =R

Choosze Install Location
Choose the Folder in which ko install WinAYR 20100110, @

Setup will install WinAYR 20100110 in the following Folder. Toinstall in a different Folder, click.
Browse and select another folder, Click Mext to continue.,

Destination Foldsr

Browse. ..

Space required: 262, 2ME
Space available: 4.5G8

F_q:Back | Iext = l I Cancel

519 0.5 1111@19 Choose install location

Y

6. fan Install

WinAVR 20100110 Satup =

Choose Components
Choose which Features of WinAYR 20100110 wou wank ko install, @

Check the componentssyou wank ko install and uncheck the camponents wou don't wank ko
install, Click Install tostark the installation,

Select components to install: Install Files

Add Directaries ta PATH (Recammended)
Inskall Programmers Motepad

Space reguired: 262,2ME

l < Back, ” Install ] l Cancel

519 1.6 11111919 Choose components

UG
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7.

Extract: core_sc0_1

50 Inaalusunsuy
@ WinAVR 20100110 Setup R X
Installing
Please wait while \Win&YR 20100110 is being installed. @

00.h

| Show detais |

51N 1.7 nik1ea Installing

8. AAN Finish @3 unsaelisunsu WinAVR

== & |

Completing the WinAVR 20100110
Setup Wizard

WindhR 20100110 has been installzd on wour computer,

Click Finish to close this wizard,

| Finish

d' Y a «3:‘/ I 4
TJTI n.8 TUIANLTAINITAAAUTTIAN YT
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M3AnA1Y5uNIN AVR Studio 4

1. suiianan g aStudio4bs28.exe

e KENG TCE (F)

[EE)

File Edit View

Favarites Tools Help

@Bﬂrk > @ - o psﬂ.(h | | Foldars gz~

Bl Copy thisfile

#® Publish this file to the

Web
B E-mail this file
Delete this file

Other Places

i@ My Computer

@ My Documents
. Shared Documents
' My Network Places

Details

- 360 | Links

] LCD12864V_KORAT

A4
randns Microsoft Office Ward
LLKB

@ Docl
randns Microsoft Office Word 97 - 2003
=| 25kB

Campan;

WinRAR archiyge
195,652 KB

Date Created!

Bl netsetup Size: 73.8 B
ﬁ v Cabinet Self-Exffactor
i crosoft Cofporation
@ WinAVR-20 100 LLd-install

Description: Setup.exe

Macrovision Carparation
File Yersion: 12.0.0.49974
: 1/6/2553 22:47

64V _NEW_V4_SE-ED
archive

TO
3 T-5010--DT-5011--DT-5018)
5055 KB

2. fan Next

317 n.9 rdonT1lsunsy

aStudio4b528

" AVRStudio# - InstallShield Wizard "’ﬂ ﬂ ‘ & ..‘

InstallShield

Welcome to the InstallShield Wizard for AYRStudiod

1 cpaek ]

| ‘| Cancel r

3 19 n.10 ﬂﬁ}WiN Welcome to the installshield wizard for AVR Studio4



3. 1@enl accept the of the license agreement 133AAN Next

AVRStudiod - InstallShield Wizardl ==

License Agreement
ad th

‘Welcame to AVE Studio from Atmel Carparation.

AVR Studio iz a Development Taal for the AV R family of microcontrollers. The AVR Studio iz
free of charge and may be fieely copied and distributed in itz original form.

AWR Studio enables the user to fully contral execution of programs on the 2% R In-Circuit
Emulator or on the included AVE Instruction Set Simulator. 4R Studio supports source level | _
execution of Aszembly and C/C++ programs aszembled with the Atmel Corporation's included
AVR Assembler or tools from 3rd party vendors.

AR Studio runs under Miciosoft Windows 98, Windows NT, Microsoft Windows 2000,
Windows =P, Windows =P B4 and "Windows Yista (ush support for 32 bit only).

AYH Studio is continously develaping. In order to get latest upgrades of AVR Studio, please
wizit our web site

v, atmel. com

and check out the A% R page.

' — '
gﬂﬁ .11 ¥UI919 License agreement

A Ao g £l Aa
4. aennanu 15Ny uadnan Next
AVRStudiod - InstallShield Wiznr(l"l‘ T— J -&j _: lg

Choose Destination Location

InstallSh

" | Cancel r

gﬂﬁ n.12 ﬂﬁ}WiN Choose destination location



5. fan Next

AVRStudiod - InstallShield Wizard

Select Features

InstallShiald n _. Back ‘ I Mest > ' 31 Cancel r
i A— i |
gﬂﬁ n.13 ‘Hﬁ}WiN Select features
6. fan Install
" AVRStudiod - InstaliShield Wizard "‘ didhbh ‘.‘“ - 5=

Ready to Install the Program
Th iy o bieg

Install5hield
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7. fan Finish m’%mj"umumsaﬂﬂsmm AVR Studio 4

AWRStudiod - InstallShield Wizard

InstallS hield Wizard Complete

The In:

N -y | —
InstallShigld T | | Cancel r

v v
51 n.15 vl en e sEad umsaa 15unT W AVR Studio 4
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1.

2.

3.

Tunaumslvaalwa HEX asuasa

AlaTas1n5y AVR Studio 4 YN

fan Connect to the selected AVR

programmer

AVR Studic

i Fle Project Buid View Took Debug Help

P mEl g @ 9 5E

BB Connect to the Selected AVR Programmer

3 1/ 1.16 N3 Connect to the selected AVR programmer
A Y A = Yy Y a
1197 Platform teon STK500 or RISP 197 Port 1ﬁla@ﬂ Port 1’1&511“]5 talnan

Connection

E4 ]
4. idenmugnass iienla lild HEX

I
: i A |
Device
’7IATmega123 = Erase Device |

— Pro ing mode
[1SP mode

;I ¥ Erase Device Before Programming
I~ Verify Device After Programming

— Fash
' Use Current Simulator/E mulator FLASH Memany
& Input HEX File [op'sanTussan Tusitnsi'1_EDIT\12864 hex |Z|

Program | Verify Read € i

— EEPROM
= lse Curent Simulator/E mulator EEPROR bermony
< Input HEX File IC.\Users\ohm\Desldop\LCD12364V_NEW_\¢' I

Reading FLASH input file.. OK
i ing mode.. OK!

51 .17 35msiTla e HEX
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S.

denidu vd HEX

Lookin: [ ), 1_EDIT o] ~EerEr
% | Mame | Date modified

b FAT 20/8/2553 08:32
|| 12864 28/8/2553 22:22

Recent Places

Desktop

Type
File folder
1CD

File name

Files of type:

|15P mode =l [ e

— Flash

€ Use Current Sirmulator/Ermulator FLASH bMemarny
1+ Input HEX File |op\m'ﬂiu'iaw|\'ﬂuﬂmw\LEDITﬂZBBdhex |

Ly Poem | ey Read |

—EEPROM
€ Lse Current Sirmulator/Ernulator EEPROM tMemnany
' Input HEX File IC:\Users\ohm\Deakiop\LCD'IZBBflV_NEW_\l' |

Pogam | Verty

Reading FLASH input file.. OK

5171 n.19 frd W lums Tnaa lWd HEX
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TaaTisunsunan
#include <avr/io.h>
#include <avr/interrupt.h>

#include

#include

#include

#include

#include

#include

#include

#endif

#include

#include

#include

#include

#include

#include

<stdio.h>

<stdarg.h>

<string.h>

<stdlib.h>

<math.h>

"mydefs.h"

"FAT/dos.h"

"DS1307.h"

"setup.h"

"eeprom.h"

ery‘hll

"lcd.h"

"sht15.h"
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char  lcdbuf[SIZEOF LINE + 1];

uint8 t flag,ct=0;

uint8 t auto_=0;

uint32_ttimmerOn;

double volt,current;

ISR(INT4_vect)

{
flag |=DS1307_INT;
}
void help (void)
{
printf ("\r\n");
printf ("\r\n");
}

void update (void)

RTC.year = 10;

//mode

//Set Flag interrupt buffer after INT4 interrupt
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RTC.month = §;

RTC.date =13;

RTC.hour = 0;

RTC.min =27,

update RTC ();

int main(void)

{
uint8_t key;
DDRC = 0x00;
DDRD = 0x00;
DDRF = 0x00; //all output

_delay ms (1);

BUZ DDR |= BV(BUZZER),
relayl DDR  |= BV(relayl);
relayl off();

LED DDR |= BV(LED2)| BV(LED3);
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#ifdef

#endif

LED PORT &=~ BV(LED2)|~ BV(LED3);

init_uartl ();

ser_init(); // init uart

Buzzer on ();

_delay_ms (100);

Buzzer off ();

init_led (); // init led
RTC 1307

PORT INT4 |= BV(INT4);
TWI init ();

EICRB = BV(ISC41) | (0 << ISC40);

Blacklight off ();

led_check_status();

sei ();

help 0;

beep (LONG);

enable rtc ();
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check DS1307 (0);

#ifdef RS232 DEBUG

printf ("\r\nReady....");

#endif

_timer.flag 2=0;

_timer.flag_1=0;

_timer.flag 3=0;

_timer.flag_4=0;

_val.humid=100;

_load_timmer();

_delay_ms (1000);

unsigned char 15=3,16=0;

while (1)

{ if (flag & DS1307_INT)

timmerOn = display_rtc ();

flag &=~DS1307 INT;

//set flag RTC = 0;
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LED PORT "= BV(LED3);

ct = check timmer ();

if(ct){

relayl _on();

else{relayl off();}

if(i5>2){

15=0;

disable rtc ();

HumiditySHT1 1Func();

enable_rtc ();

i5++;

key = kbd getc ();

if (key 1= 0)



#ifdef KEY DEBUG

printf ("\r\n%c" key);

#endif
switch (key)
{
case
case
i5=3;
case

CONFIG DATE : setup_date_time ();

15=3;

break;

CONFIG_Alarm] : setup_time alarm1();

break;

KEY DOWN : beep(LONG);

relayl “off();

while (kbd_getc () I=0)

_delay_ms (100);

case

break;

KEY UP: beep (LONG);

relayl _on();

while (kbd_getc () = 0);
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_delay_ms (100); break;

case KEY show_ Alarml : beep (LONG);

while (kbd_getc () = 0);

_show_timmer alarm(); //set_alarm1();

15=3; break;

case  KEY_ENT : beep (LONG);

while (kbd_getc () I=0);

_delay_ms (100);

if(_timer.flag 1==1){ timer.flag 1=0;alarml.s min=alarml.s min-2;}

if(_timer.flag 2==1){ timer.flag 2=0;alarm2.s min=alarm2.s min-2;}

break; default:

break;

twhile (1);



1A9 SENSOR SHT15

#ifndef sht C_

#define sht C_

#include <avr/io.h>

#include <avr/pgmspace.h>

#include <inttypes.h>

#include <math.h>

#include "pgmspacehlp.h”

#include "sht15.h"
#include "mydefs.h"
#include "lcd.h"

char CHAR2BCD2(signed char input)

char high = 0;

if (input < 0)

input = ~(input) + 1;

while (input >= 10) // Count tens
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high++;

input -= 10;

return (high << 4) | input; // Add ones and return answer

unsigned int CHAR2BCD3(char input)

int high = 0;

while (input >= 100) // Count hundreds

high++;

input -= 100;

high <<=4;

while (input >= 10) // Count tens



high++;

input -= 10;

return (high << 4) | input;

// Add ones and return answer

char error; //global

unsigned char s_write_byte(unsigned char value)

unsigned char i;

error=0;

MAKE_DATA_OUTPUT:

_delay us(1);

for(i=0x80;i>0;i/=2)

if (i & value) SET DATA;

else CLEAR DATA;

SET SCK;

//Make data pin an output
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_delay us(3);

CLEAR SCK;

b

SET DATA; //Release the data line

MAKE DATA INPUT; //Make data pin an input
SET DATA,; //Enable internal pull-up resistor

_delay us(1);

SET SCK; //Clock pulse #9 for ack

_delay us(3);

error=DATA; //check ack (DATA will be pulled down by SHT11)
CLEAR_SCK;
return error; llerror=11fno ACK from sensor

unsigned char s_read byte(unsigned char ack)

unsigned char i, val=0;

MAKE DATA OUTPUT; //Make data pin an output



_delay us(1);

SET DATA; //Release the data line
MAKE DATA INPUT; //Make data pin an input
SET DATA,; //Enable internal pull-up resistor

_delay us(1);

for(i=0x80;i>0;1/=2)

SET SCK;

_delay us(1);

if (DATA) val=(val | 1);

CLEAR_SCK;

_delay us(1);

MAKE_DATA_OUTPUT;

_delay us(1);

CLEAR DATA; //In case 'ack==1" pull down DATA line

_delay us(2);



SET SCK; //Clock pulse #9 for ack

_delay us(3);

CLEAR_SCK;

_delay us(2);

SET DATA; //Release the data line

return val;

void s_transstart (void)

MAKE_DATA_OUTPUT;

_delay us(1);

SET DATA;

CLEAR_SCK;

_delay us(2);

SET SCK;;

_delay us(2);

CLEAR_DATA;
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_delay us(2);

CLEAR_SCK;

_delay us(4);

SET SCK;

_delay us(2);

SET DATA;

_delay us(2);

CLEAR_SCK;

void s_connectionreset (void)

unsigned char i;

MAKE_DATA_OUTPUT;

_delay us(1);

SET DATA;

CLEAR_SCK;

for(i=0;i<9;i++)
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SET SCK;

_delay us(2);

CLEAR SCK;

_delay us(2);

s_transstart();

unsigned char s_softreset(void)

error=0;

s_connectionreset(); //communication reset

error =s_write_byte(RESET);  //send reset command to sensor

return error; /lerror if no response from sensor

unsigned chars_read_statusreg(unsigned char *p_value, unsigned char *p_checksum)
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error=0;

s_transstart(); //transmission start

error=s_write_byte(STATUS REG R); //send command to sensor

*p value=s_read_byte(ACK); //read status register (8-bit)

*p_checksum=s_read byte(noACK); //read checksum (8-bit)

return error; /lerror if no response from sensor

unsigned char s_write_statusreg(unsigned char *p value)

error=0;

s_transstart(); //transmission start

error+=s_write_byte(STATUS REG ‘W);//sendicommand to sensor

error+=s_write_byte(*p value); //send command to sensor

return error; /lerror if no response from sensor

unsigned char s_measure(unsigned char *p_value, unsigned char *p_checksum, unsigned char mode)



unsigned int i;

error=0;

s_transstart(); //transmission start

switch (mode)

case TEMP : error +=s_write_byte(MEASURE_ TEMP); break;

case HUMID: error +=s_write_byte(MEASURE HUMI); break;

default : break;

}

MAKE DATA INPUT; //Make data pin an input
SET DATA,; //Enable internal pull-up resistot
i=0;

while((DATA) && (i<65534))

_delay us(30);

i+t
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if >65533) error+=1; /timeout after ~2s

*(p_valuet1) =s read byte(ACK); //read MSB

*(p_value) =s read byte(ACK); //read LSB

*p_checksum =s read byte(noACK); //read checksum

return error;

void calc_shtl1(float *p_humidity, float *p_temperature)

const float C1=-4.0; //for12 bit

const float C2= 0.0405; //for 12 bit

const float C3=-0.0000028,; //for 12 bit

const float T1=0.01; //for 14 bit-ati5 Vi

const float T2= 0.00008; //for 14 bit at 5V

float th=*p humidity; //th:  humidity [Ticks] 12 bits
float t =*p_temperature; //t: temperature [Ticks] 14 bits
float rh_lin; // th_lin: humidity linear

float th_true; // th_true: temperature compensated humidity
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floatt C; //t C: temperature degrees C

t C=(t*0.01) - 39.6; // calc degrees C from ticks @ 3V=VDD

th_lin=C3*rh*rh + C2*rh + C1; // calc humidity from ticks

th_true=(t_C-25)*(T1+T2*rh)+rh_lin;// calc temperature compensated humidity

if(rth_true>100)rh_true=100; //upper display bounds limit

if(th_true<0.1)rh_true=0.1; // lower display bounds limit

*p_temperature=t_C; //return temperature

*p_humidity=rh_true; //return humidity

float calc_dewpoint(float h, float t)

float logEx, dew_point;

logEx=0.66077+7.5*t/(237.3+t)+(log10(h)-2);

dew_point = (logEx - 0.66077)*237.3/(0.66077+7.5-1ogEx);

return dew_point;

void HumiditySHT11Func(void)



{ uint8 tledbuf[SIZEOFLCD + 1];

value humid val,temp val;

unsigned char error,checksum;

char T TL,T TH,HumidBCD,TempBCD,H TL,H TH;

MAKE SCK OUTPUT; //make SCK line output

s_connectionreset();

_delay_ms(20);

printf ("\r\n-----");

error=0;

error+=s_measure((unsigned char*) &humid val.i,&checksum,HUMID);

_delay_ms(20);

error+=s_measure((unsigned char¥) &tempvalii,&checksum, TEMP);

if(error !=0)

{ delay ms(12);

s_connectionreset();

_delay_ms(12);

led_clear (3); //for sim
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led gotoxy (LINE3,2);

led_printf ("\%");

led_gotoxy (LINE3,3);

sprintf (ledbuf,"RH = .- ");
lcd_printf (Icdbuf);
led_clear (4); //for sim

lcd_gotoxy (LINE4,3);

sprintf (Icdbuf,"Temp = --.--'C");

led_printf (Icdbuf);

printf ("\r\n999");

_delay_ms(50);

else

humid_val.f=(float)humid_val.i;

temp_val.f=(float)temp_val.i;

calc_shtl 1(&humid val.f,&temp val.f);
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_val.humid=humid val.f;

led gotoxy (LINE3,3);

led_printf ("\%");

led _gotoxy (LINE3,4);

sprintf (ledbuf,"RH = %.2f ",humid_val.f);

led_printf (Icdbuf);

led_gotoxy (LINE4,2);

sprintf (ledbuf,"Temp = %.2f'C" temp_val.f);

led_printf (Icdbuf);

humid_val.i=(unsigned int)humid val.f;

HumidBCD = CHAR2BCD2(humid_val.i);

H_TL = (HumidBCD & 0x0F) 0/,

H_TH = ((HumidBCD >> 4) & 0x0F) +'0";

temp_val.i=(unsigned int)temp_val.f}

TempBCD = CHAR2BCD2(temp_val.i);

T _TL = (TempBCD & 0x0F) +'0';

T _TH = ((TempBCD >>4) & 0x0F) +'0';
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#endif

printf ("\r\n%c,%c",H_ TH,H_TL),

led_clear (3); //for sim

led_gotoxy (LINE3,1);

led_printf ("\%");

led_gotoxy (LINE3,2);

sprintf (Iedbuf,"RH = %c%c ".H TH,H TL);

led_printf (Icdbuf);

led_gotoxy (LINE3,9);

led_printf ("\%");

led_clear (4); //for sim

led_gotoxy (LINE4;2);

sprintf (Iedbuf,"Temp = %c%c 'CTH{TH,T | TL);

led_printf (Icdbuf);*/

_delay_ms(50);
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DATASHEET SHT15

SHT1x

Humidity & Temperature Sensor
. 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 Product Summary
The SHTxx is a single chip relative 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 excellentlong 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 results 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
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memory. These coefficients are used interally during
measurements to calibrate the signals from the sensors.

The 2.wire serial interface and internal 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
_HVAC
_ Automotive
_ Consumer Goods
_ Weather Stations
_ Humidifiers

_ Dehumidifiers

_ Test & Measurement
_ Data Logging

__ Automation

_ White Goods

_ Medical
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Ordering Information
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Part Humidity | Temperature
Number | 2SCUracy | accuracy [K] | Package

[%RH] @25°C
SHT11 +3.0 +0.4 SMD (LCC)
SHT15 +2.0 0.3 SMD (LCC)
SHT71 +3.0 +0.4 4-pin single-in-line
SHT75 +1.8 +0.3 4-pin single-in-line

gﬂﬁ f .1 Ordering Information

Block Diagram

.

%RH

Calibration
) Memorv

Sensor
o5
[ ]

Amplification

&P

A

J’

Temp
Sensor

10

Digital 2-
wire
Interface
&
CRC
generator

i

v
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1 Sensor Performance Specifications

—— -

Parameter | Conditions |Min. | Typ. | Max. | Units
Humidity
Resolution 2 05|003|003]| %RH
8 | 12 | 12 bit
Repeatability +0.1 %RH
Accuracy (1) linearized see figure 1
Uncertainty
Interchangeability Fully interchangeable
Nonlinearity raw data 13 %RH
linearized <<q %RH
Range 0 100 | %RH
Response time 1le (63%) 4 5
slowly moving air
Hysteresis +1 %RH
Long term stability | = typical <05 %RH/yr
Temperature
Resolution 2 0041001001 °C
007|002 (002| °F
12 | 14 | 14 bit
Repeatability H) 1 °C
0.2 °F
Accuracy seg figure 1
Range -40 1238| °C
-40 2549 °F
Response Time 1le(63%) | 5 30 5

3 1/ A3 Pable 1. Sensor Perfortnafice Specifications
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(Relative Humidity absolute accuracy

%RH

+5

+4 i
L] - i

L3 A0 SHT11/71 &

* 7

+ 27 == ___g#:-——n

+1

+0 %RH
b 10 2 3 4 B b 8 9 10
1 Temper re accurac

3¢ peragh y +54°F

+36°F

+18°F

0°F

-40rC e A0 anc 120°C
-A0°F 32°F 104°F ATEF 248°F

Dewpointaccuracy @ 25°C (typical)

+9.0°F
+72°F
+54°F
+36°F
+18°F
%RH

3 19 1.4 Rel. Humidity, Temperature and Dewpoint accuracies
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2 Interface Specifications

Vidd
GND
uC
t < DATA
{master) SCK
Vdd2.4-55V

3 i as Typical application circuit

2.1 Power Pins
The SHTxx requires a voltage supply between 2.4 and 5.5 V.
After powerup the device needs 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 Serial Interface (Bidirectional 2.wire)
The serial interface of the SHTxx is optimized for sensor
readout and power consumption and is not compatible with

12C interfaces, see FAQ for details.

2.2.1 Serial clock 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.

2.2.2 Serial 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

SHT1x

(slave)
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only drive DATA low. An external pull.up resistor (e.g. 10 kQ )
is required to pull the signal high. (See Figure 2) Pull.up
resistors are often included in I/O circuits of microcontrollers.
See Table 5 for detailed IO characteristics.

2.2.3 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
SCK

gﬂﬁ f.6 "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 001041

Read Status Register 00111

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

wait minimum 11 ms before next command

gﬂﬁ .7 SHTxx list of commands



2.2.4 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 N15% with the speed of the internal oscillator.
To signal the completion of a measurement, the SHTxx pulls
down the data line and enters idle mode. The controller must
wait for this “data ready” signal before restarting SCK to

readout the data. Measurement data is stored until readout,

therefore the controller can continue with other tasks and
readout as convenient.

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 MSB first, right justified. (e.g. the 5th SCK is MSB
for a 12bit value, for a 8bit result the first byte is not used).
Communication terminates after the.acknowledge bit ofthe
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 10% of the time

(e.g. max. 2 measurements / second for 12bit accuracy).
2.2.5 Connection reset sequence

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

While leaving DATA high, toggle SCK 9 or more times. This
must be followed by a “Transmission Start” sequence
preceding the next command. This sequence resets the

interface only. The status register preserves its content.

DATA \ ;

Trankmission! Start

SCK 1\ f2\ /3\ J4-8\ /9 \_/

3 1/ .8 Connection reset sequence

r—"‘

2.2.6 CRC.8 Checksum calculation

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

Please consult application note “CRC.8 Checksum

Calculation” for information on how to calculate the CRC.

Transmission Start AdOressEI00G Commang=0§10F . Bold = SHT1xxx controls DATA line

! | | I I I & Plain = uC controls DATA line
\ i —————
DATA S A ‘r\ | / / | \ (I Measurement
! | =1 =0 I o4 [=x] [ =2} co I ack | ~B5ms for 12 bit
b the Skip acknowiedge to end transmission
Measurement is Snished B . {if no CRC j5 wsed)
SHTxx pulls down the DATA line 12 bit humidity data

DATA \ /_\
ow ow o o 11 10 ] 8 ack T L] s
N AVAVAY VAVAVYAYAVAVAVAVAVT AN

M=E L=28
CRC-8 Checksum I wait for next measurement Transmission Ptart
________________ P mmmme
DATA b S A [he
T 7 ] 5 4 3 2 1 [ I ack Skip 3*”0“'1_909‘310 Lo |
s ' — R
_______ MzE LEE TTTTTETmEmmTTT )

gﬂﬁ .9 Example RH measurement sequence for value “0000°1001 > 0011°0001”= 2353 = 75.79

%RH (without temperature compensation)



wait for data ready
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2.3 Status Register
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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”

Statuk | |
REg | | |

g

]
|

TTTTTT]
mDIDIDIDIDITI‘ ]

ack

o0
Cammand

‘ﬂﬁ f.11 Status Register Write

510 A.10 Overview of Measurement Sequence (TS = Transmission Start)

Enlnlnlulul | 1]1[B

L Blatus T

(Bit 7 |
——

ack

& Red ] | |*

5 Frg

b ~
Command

A

3 19 A.12 Status Register Read

Bit | Type | Descriplion Default

7 reserved 0

& |R End of Batiery (low voltage éetechon) X | Mo default value,
W for Vdd = 247 bit is  only
17 for Vidd < 247 updated after a

measurement

5 reserved 0

4 reseryed 0

3 For Testing cnly, do not use 1]

2 | R'W | Heater 0 |off

1 | RW | noreload from OTP 0 |reload

0 |RW |™1"= Bkit RH/ 12bit Temperature resclution | 0 | 12bit BH
' = 12kit BH ! 14bit Temperature resclution 14kit Temp.

ﬂﬁ f.13 Status Register Bits
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2.3.1 Measurement resolution

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

2.3.2 End of Battery

The “End of Battery” function detects VDD voltages below
2.47 V. Accuracy is 910.05 V

2.3.3 Heater

An on chip heating element can be switched on. It will
increase the temperature of the sensor by 5.15.°C (9.27 °F).
Power consumption will increase by ~8 mA @ 5 V.
Applications:

By comparing temperature and humidity values before and

after switching on the heater, proper functionality of both
sensors can be verified.

* In high (>95 %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.



2.4 Electrical Characteristics(1)

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

Conditions  |Min. |Typ. [Max. |Units
Power supply DC 24 5 [ 55|V
Supply current measurnng 200 LA
average 28 | 283 LA
sleep 03 | 1 |uA
Low level oufput voltage 0 20% |\Vdd
High level output voltage 75% 100% |Vdd
Low level input voltage  |Negative going | 0 20% |Vdd
High level input voltage  |Posttive going | 0% 100% Vdd
Input current on pads 1 |uh
Output peak current on 4 |ma
Tnstated (off) 10 LA
gﬂﬁ .14 SHTxx DC Characteristics
Parameter Conditions Min | Typ.|Max. | Unit
Fsex |SCK frequengy  |VOD= 45V 10 |MHz
VD=5 Y 1 |MHz
Trro |DATA fall time - [Output load S pF . | 3.5( 10 | 20 |ns
Output load 100 pF | 30 | 40 | 200 |ns
Tewx  |SCK hiflow time 100 ns
Tv  |DATA valid ime 250 ns
Tzu |DATA setup time 100 ns
Too  |DALA hold fime a9 10 ns
TelTe |SCKrisafall time 200 ns
g‘ﬂﬁ A.15 SHTxx [/0'Signals Characteristics
TCLH |=— TR
Fsck - TF
SCK 4
~ M= F'"‘*THO
— - TSU |-
DATA )(l P( X
3 19 n.16 Timing Diagram
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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 formulal:

2RHlinear = ¢l +c2 *SORH +c3 *SORH

S0rn G4 Cz C3
12 bit -4 0.0405 287105
_E- bit —4____ 0.648 J27104

3 9 a.17 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%

80%

60%

%RH

40%

20%

]
Mn 500 1000 1500 2000 2500 3
S50ru sensor readout (12bit)

3 /91 A.18 Conversion from SORH to relative humidity

3.1.1 Humidity Sensor RH/Temperature compensation
For temperatures significantly different from 25 °C (~77 °F)
the temperature coefficient of the RH sensor should be
considered:

RHtrue = (T3C . 25)+(t1 +t2 *SORH)+RHlinear



S0rx ts t2
12 bit 0.01 0.00008
8 bit 0.01 0.00128

gﬂﬁ .19 Temperature compensation coefficients

This equals ~0.12 %RH / °C @ 50 %RH

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:

Temperatur e = d1 +d2 «SOT

gﬂﬁ .20 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.

'VOD[ d1[°C] | d1[°F] | 1SOr | da[°C] [ d2[°F]
sV -40.00 =40.00 { 14bit 0.01 0018
4y | -3875 -39.50 I1_2tbi’[ 0.04 0.072
35V -35966 3893
v -38.60 -39.28
25v] 3955 | 3923
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4 Applications Information

4.1 Operating and Storage Conditions

%RH
1004 —[ - ] — T )
sMaxjmum gperating
804 &--—conditions
60 Mogmal operating LY
A0 conditions \\
LY
20— 1
0 i 1 [=C]

| i i | | 1
40 -20 0 20 40 60 80 100 120
gﬂﬁ .21 Recommended operating conditions

Conditions outside the recommended range may temporarily
offset the RH signal up to 13 %RH. After return to normal
conditions it will slowly return 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
Chemical 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 permanent 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
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20.30 °C (70.90°F) at > 74 %RH for 48h (re.hydration)
4.4 Temperature Effects
The relative humidity of a gas strongly depends on its
temperature. It 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 13).
4.5 Membranes
A membrane may 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
minimum. For the SHT1x package Sensirion recommends

the SF1 filter cap for optimal IP67 protection.

4.6 Light
The SHTxx is not light sensitive. Prolonged direct exposure
to sunshine or strong UV radiation may age the housing.
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
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For sealing and gluing (use sparingly): High filled epoxy for
electronic packaging (e.g. glob top, underfill), and Silicone.
Outgassing of these materials may also contaminate the
SHTxx (cf. 4.2). Store well ventilated after manufacturing or
bake at 50°C for 24h to outgas contaminants before

packing.

4.8 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 result 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.

4.9 Qualifications

Extensive tests were performed in various environments.

Please contact SENSIRION for/detailed information.

CES FSELIIFEE I EERSEILE W

Environment Norm Results(
Temperature JESDZ22-A104-B Within

Cycles 40°C /125 °C, 1000 cy |Specifications
HAST JESD22-A110-B Reversible shift
Pressure Cooker (2.3 bar 125 °C 85 %RH |by +2 %RH
High Temperature |[JESD22-A101-B Reversible shift
and Humidity 85°C 85%RH 1250h |by+2 %RH
Salt Atmosphere  |DIN-50021ss Within Spec.
Condensing Air - Within Spec.
Freezing cycles -20/+90 °C, 100 cy Reversible shift
fully submerged  |[30min dwell time by +2 %RH
Various Automotive|DIN 72300-5 Within
Chemicals Specifications

gﬂﬁ .22 Qualification tests (excerpt)
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4.10 ESD (Electrostatic Discharge)

ESD immunity is qualified according to MIL STD 883E,

method 3015 (Human Body Model at N2 kV)).

Latch.up immunity is provided at a force current of 1100 mA

with Tamb = 80 °C according to JEDEC 17. See application

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

5 Package Information

5.1 SHT1x (surface mountable)

5.1.1 Package type

Pin | Name Comment
1 GND Ground
2 DATA Senal data, bidirectional
3  |SCK Serial clogk, input
4 |VDD Supply 24-55V
NC Remaining pins must be left unconnected

gﬂﬁ .23 SHT1x Pin Description

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 SHT1x are shipped in 12mm tape at 100pcs or 400pcs..

Reels are individually labelled with barcode and human
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readable labels. The Lot numbers allow full traceability

through production, calibration and test.

| ;
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3 1 n.24 Tape configuration and unit orientation

5.1.3 Soldering Information

Standard reflow soldering ovens may be used. For details
please see application note "soldering procedure".

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.

5.1.4 Mounting Examples
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gﬂﬁ .25 SHT1x PCB Mounting example
The SF1 membrane filter cap is available for optimal IP67
protection. When mounted through a housing the interior can
be protected from the environment while still allowing high

quality humidity measurements (see example below).
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3 19 1.26 SF1 IP67 filter cap mounting example

Top View Side View Recommended PCB Footprint
. 1.2 149
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gﬂﬁ .27 SHT1x drawing and footprint dimensions in mm (inch)
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