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Abstract

This project has an objective to control temperature and humidifiers in greenhouse for
making environment that suitable for production , store and kind of pant. Appropriate temperature
and humidifiers are control variable that are brought to microcontroller in order to control condition
of this greenhouse. Exhaust fan and dry-ice are used to decrease temperature and fan-in is use to
increase raltive humidity in the greenhouse. LCD module display temperature and humidifiers value
in the greenhouse continually.

The greenhouse is 40 cm. Long, 40 cm. Wide, and 40 cm. High and covered by aclilik which

can prevent the greenhouse from heat and ultraviolet.



faanssudsemea

3
v A

a a o < 1 1 @ o
sygninusaiiuiidusaclddrennusumaonnyananats 9 i nediaiive

= £ o o W =3 oA di
ATTUNISANU AUND ﬂmuu‘n”ﬁwmsﬁuuﬁuuuazsi‘lumm‘lﬂ JIVOIVBURAUTUN wazwoulunaue

Ll

= Y ' A ° ) o 4
naegldmssromiedusmei ez Jaqginsal

[

: s (R a4 ag a4 v Vo |2
ﬁlﬂﬂiIU%@UW?&’?}Q&@?‘DWUWﬂSﬂHT DIVTLNYTARNA  AUIYIS ﬂvlﬂﬂzﬂ!11ﬂﬂ1ﬂiﬂﬂ1

o

) ) Y : o [ d' a a’ 9 19 o
Mz wlounwnanasdyniui ldlse@nslszamanudundiam

il



a13tiey

UNARYD

UNAALDNIHIDINGY

AaAnssulszne

31y

I UYMH

A3 UYMIN

undi 1 unih

L1 anudumveslassau

12 YuaMsAnNE

13 Jegiszasdueslasany

14 Sumpumsinm

15 swazeeavolsyaninus
unii 2 HanMIUNgug

2.1 Microcontroller PIC 16F877A
211 Tassadwveslulnsnoulnsames
2.12  uauiANMALAYDY PIC 16F877A
2.1.3  msvaassvulsanud lsunsy
2.14 ATV PIC

2.1.5  WU28AU81909 PIC

2.1.6  amilagnssuves PIC

2.1.7  ¥1Av93 PIC

22 duwuwesiagungil SHT 15
23 AIUUAAINANTN LCD Module
24 Keypad¥3o a3ndiuaine 4 x 4

o
25 dhanudusianInuruen (Fogger)

2.6 Heater

II
111
v

14

14



‘UTITA; 3
3.1
3.2
33
34
3.5

e
=
=n.

53
5.4

a131iey (D)

MIBBAUUVIAZMITI

Tnssa$elsauon

JTUUAIUANEA 1A
winmsiaveslassnuiiody
NITNIUAY Heater

N%sﬂmqnﬁw‘hmm%u
'm'smuanﬁﬂau@ﬂmm‘f';uuazﬁﬂauszuwmmﬂ
2v3AURURAat e IMe |
as I llsuasuaugu

4 MINAABINAZHANIINARDY

MInARDaf 1

msnaaesil 2

msnAaesii 3

msnAavaii 4

uninsduazagyl

Jynuazglassa

msuf lnazdlSuilya

HHINIMIRAILN

a 4
ajduaginga

17
18
19
24
25
26
27
28
29
29
29
29
30
35
35
35
35
36



2.1
22
23
24
2:5

2.6
2.7
2.8
29
3.1
3.2
33
34
3.5
3.6
37
3.8
39
3.10

UYMW

31l

IC SHT 15

UAAIINYUSYDY SHT 15

uerAsMsein SHT 15 v TuTnsneuInsamed

U&A3 Timing Diagram u¥13myasdoyaves SHT 15
UErRAINHUANIAVDY Timing Diagram

YDITYY 1M DATA Uag SCK 499 SHT 15

99 LCD

Keypad

ey

Heater

mseonuuy Tsauseusiass Uy

msoanuuy Isuiouiiass Aunt
uwuﬁaﬂmﬂnmqmﬂgﬁuazﬂmn*’f;uiuisaﬁau
Lmuﬁmammsmuauqmﬁgﬁua:mmfﬁu°lu1m‘5’au(¢ia)

a

UNHARIEAIM I AIUANQUNLI]

U
¥

UHUAILEAIMINIUUATINTY

24979 Heater

ey

Nmmuanﬁﬂauqﬂmmgu (ay WAAUIEIEIN A

1vIMIUguAaute1MA

Vi

11

12
13
14

21
22
23
24
25
26



A UYMNIN

139l

L1 ey NMINaUHUiy

2.1 UAAINAYY UYL SHT 15
22 uaefuauid DC Y84 SHT 15
22 msnmAaesneud 1

22 A51MARBINBYT 2

22 MIINNAABINBUT 3

22 M5NNAABIADUN 4

Vil

10
31
32
33
34



<

1.1 anuilinveslasany
luszuuinpasnssuazszuugaamnssuMsHAR T TUROURUNAGoUMELBN 19
gl Ay uazumaaiuilviviiinansenu Tavasaiaiumsuaums mssgaluszam

o 4 a I~ @ " I~
RATINNITULAZMINIMSINEAIATS TN MINMSHARtaz AU a1 sy lus sy
mm]snssmﬁas:uuqmammm‘lumﬁumau%"mﬁuﬁ%zﬁmﬁmsmugnqmwQﬁ AT LAy
R RN zﬁaiﬁ'xﬁwmmﬁmmmsmmmmmuﬁumzmumiﬁuq U MITIANAT 1509
a a R & A s & ' 4 A
9ulnn uilnanauqsiialannnizedugenisan nionmisdsagieag Mo NYHaIY
a 4 0 v o Y Ao a 4 qw
o Seluguvulasanvil 1iimsiaesanmnadeuninmsniuquaamgluazanudu s
Y Y v g [V " @
TdmudosnisTas1¥luTasaeuInsano s lumsasunuilesudeg ANHUTYDINITAIUAY
[ vad Y a 47 ' = = £ k2
onluddins foudoyagamgll audu uazuasadndmuizay auidents Tagrz 14
s o & - ¥
VluiﬂaﬂauTmamaﬂumamn@umswNmmszwmuauqmwgu FEVUAIVANANUTY LAy
v b4

sEuumRuAdivemIrIN BnvieBailnsuaninaveavosgangl AEY LAz arg
ludesiraesmsaaugugumgll A sy nozuasatninie e IumIune19eLCD s

¥ '
uarasHamsiamvesgUasaimuueRMgl AWAY Haa 9319 FIUN9HABALED thoas

ADIUNITNINY

=®
1.2 Yo UIuAMSANE

Py a d%l vy ! b4 o

1 ﬂﬂy']ﬂ'liﬂ')ﬂﬂﬂ@illﬂ{]“llﬂgﬂ'ﬂiﬁb'u HAZANNVUUDILTIT I ﬂﬂﬂu‘ﬁ@ﬂiﬂﬁ@ﬂiﬂﬂ

o

1% Microcontroller 521N PIC 195 16F877A

9 ﬁﬂynmmsﬁmu“lumsmuqnqmwgﬁ ANUFU LAZANUTUVOULFIATI TN E

o r'd [} a @ 3

?iﬂy1mwmmaaqﬂnsmmmamqmwgmmzqﬂnsm’mnmmm%u (SHTI5)

3 AnmsdouTdsunsunun ¢ tiol¥lumsaauan Microcontroller (PIC 16F877A)



[ J
1.3 Ingilszasnveslasaaiu
2 ) y 3 ] ] ° 4 g
msnEszvURIUgUEMmadenluvetla Wumsdnyfuuuiiaesinzdoaniugu
quvginaznusuiuihividfaroszuumsndauasmssaduduogiann dealims
q Y ] ] = o A'I Yy a [ o’d'd Y d' Y é
muguldeglugiandivuaiioss Idndafusiidgunnauaudnvazidgeans 1010
vouwavesmsn nssnuuuaesil awnsadivuazangungildmudeams ooy
Y ay & Y Yy A4 A o a a Y
nugumgies dududeldSsuillefioudumsauauaamgiluTsunssin nindesd

L a o L4

o a A quy Pt S Tl
fﬂ'5HJaﬂuLﬂJENQmﬁQNLW@1”Lm1ﬂﬂ“aﬂﬂmm‘ﬂﬂﬂ1ﬂﬁﬁ’]ﬂ %;’ﬂammiﬂiumm Zero , span

a o

@ J o " ] a :i' &
VoW e’ uazdoadalddninungd annsatgangildauideamsdaiini
] =) ] 2 4 U di’ d! Q' A Y
dannuazidonnudusdiann wienfudnmsaruguanududeaisamunioan lgmu
Y 4 ] [ n:!’ Y =} dy d’ I o ]
ADINS zfluﬂﬁﬂwuamamnﬂaqmamﬂsswﬂawmmmugummwmmusn LU
' v A Y Yy o v S a &
aammnssunIsdeeanduiion ndaeld e ludu mntinsasuqugaumguazanuiy

A Y a o  Joa v Y a
ne %"lﬂwammcnwuﬂmmwuamﬂu"lﬂﬂmmm&ﬂmm’i"umgguﬂﬂﬂ

o =
1.4 YUADUNIIANH
v Y Y = v ' v = [ v 3 Y
1. ﬂﬂﬂﬂ“ll’t)ldﬁlﬂﬂ')ﬂlﬂﬂﬁﬂﬂﬂ LYY euaagammn‘umsmnﬂuamwumaauwﬂuﬂmms

IS J

MIuuMngiuazanuiu ioglussuulasuiailadonaznansznuaag iiinas

I Y

Y Y Y a v v 9 ' o ]
ammoaderluszuvia dumdoyaneiuSaquazoilnsaifide 131 Tns e 1wy 5
TnsnouInsames Aoy uretluna ez fuaadma

Y v a o = o v ANty py, &
2. vaniaq gunseilumsihlasan iasdnuimuithlavesgunsaiudasi o
nagoumMaeniounazthun 1% 15U naaeudnveuanana mstousfimg
' <
Yuna iudn
3. MUHUAY 1AZBBNIDDINIT hardware Y94 1A5 1911
4. AnmnmsdouTsunsy e luauguda lu TasaouTnsaiae s
5. WouTUsunsy software voamsnIugugangi il Flowehart 711451590,

6. NATOUMINILYDIIATI hardware UaE software e 19 Idotauysal

7. nageumsinuvealasaam tuiinna uazagduamsiiausiane



A
MAUIBUN 1

o
MAUIYUN 2

.1,

o.f.

n.g.

n.g.

5.9

u.a.

..

Limuaveuive uaziamnives

Tnsams

Zﬁﬂ‘kﬂ IIAU uazﬁmmm%’ﬂa

= @ s saq Y
neNvaIsandsn 1y lu Tag sy

=) Jq ¥ Y
3saenensal IMmingaunussuy

p=:3 dd'al o Aa
4. AN IMYIFN 1 IUNTAWTUMNS

WeuTsunsy

sANYIAAADIAZAIANTEN IS
d 4 o 51
griaulsuassonNALITHIU

Microcontroller PIC16F877A

6ANY1ITN15N1TR 1IN D
W5 Iaguuiinazauiy

SHTI15

73U TUsunsy Sensor SHTIS

a

FINITATIVIAAIUATIAY

K} U

& : o
anusuuazii I uaainanaoLcd

8130 TUsunsul¥Microcontroller
o 7 (v

aunsadamsalvguglnsailiu
a & y

gunginazaiusuldlae

o va Ay : b4
amiummuﬂmﬂmmsﬂﬂa

MINH LIA1TNMTRINY



I a J
1.5 518213!@81611!601]?%1@11”‘1&17

¥
a o et

tﬂy d. ' a y
wemnvznanlulSyainusatuidseneudie

o o ' o X w Jd o v:: =X [V Y
unh 1 umhnahodingdszasandnms lmidunsumsdaywazmsianilassnunZen

MIswazvoaveslSyainuiveaunazun

yd d gy a

UNn 2 mqyﬁuazmmgmnmmmﬂa'nﬁdﬂﬁﬂmmazﬂqygﬁzﬁm%’aﬂumsﬂa:ma
v o ad a o4 A £ o By 79 9q
HANTNAT 1L AYUIUITDIENN TN ninerveaazinenng llszgnd 14y
M59AN 1ATIU
NN 3 nanmsosnuuuitauenslszney 1513 e0essu UL wIealuns
PONUUVTLVUAIUAY
d' 1 4 v
un#i 4 msnaasuifudiumsnaaouesisznounien TussnuAaeAIUMs NAADIS LI
AIUAUYUHYINAZA LY
v

d' a L4 o a n:!' a &K @
Unns Ummsmuazﬁgﬂﬂzagﬂmmssﬂuuumuﬂaummmmuuagummqmiﬂiuﬂga

waru Iasanuiiae li



v

I=§
unn 2

HanMIUAZ NG

2.1Microcontroller (PIC 16F877A)
PIC A9 Microcontroller Sﬂmsxgawﬁa g01191AR1 N Peripheral Interface Controller %4
Concept¥IMicrocontrolleridtl flo wenenusaunasi1aor 3 ludveuiu ity PROGRAM

MEMORY, RAM, EEPROM, SERIAL, PWM, A/D TavlisuiudessoginsaliaSuainnouen

v
v A

@ o gl’ ] o g o a a
Tudves Pic veliladdunldlumsszuana sauianionnust e ldSumilousy CPU

v & =
AIUILYNIAYY

d
2.1.1 assanevedlulnsneulnsames PIC 16F8774
dalsznoundnne Gy nursanuidoya drudndonoia dudamsdyg s RN 9
= [ [ a d s 1 v v .::ly 4 =1
TEUV 1TIBANAN TIUAIVAUMIADUAUBIBUIADS SUAAzdIuTamsa1u Wi ufaed
a a oy W % = & Yy
Tugawirmiiudnneauads o101 PIC 16F877A UANNENITIFINTU TAuAI9951
o 1 Y Y 1 A4 A o s v kY @itiio P
asn , dauudledoyadiuisniedinines, 1093 Tilsunsudoyadaens sque Timert
= =3 o ) < aa a 4
unae 343, nesulasdggaueuaeniiuaiaoavna 10 in, Tugadomseunsuuay
TuganlSousudgyiu-aswiudyais-aas Tugiaduniiundveaiadnio pwm
uonuIniuluoynIn PIC - 1688774 vxiinevinisouiiounsidiuAnaloguas Tugaafraus ady

Yiayeiia gy a v
DNOUNUIAUVIUIDNNIY

2.1.2 paandAmunaiinved PIC 16F877A
AuauANan
® dilguuy RISC imdalFauiios 3 fda
o o n'/ Y o = é Y o o'/
e musanseimddlaelddyaaivaniiagn ondumdnmsnsy g
e addyaIaudm aws IWasate 20 MHz
1 o a ad
e vuganui lsunsy 8 Alaiisa

® viwANuHIToyaus ST MADT 368 Tud

©  YuIANEIEANNI WauARaWT O 256 s

U



1,00 o | o v & [ 4 vl
ApUTUD WA IIAdUABS SUAGagAd I SuMAITURLIDDS VB IMicrocontroller
S < 1Y
UduAn 8 szA
=l o
1995105005 A (POR)
=1 o v L4 a o o o o
unesen lnwes (PWRT) uazesaFaamosaminon nwes (0sT)
a @ o a 7 v o Yt AN
UNITATNIVIAWDT) ANNITooaFaiaines U1 M laianudusensly
MIN1Uga
=} [ v :I’ 1 o ' 0l 9)
mam’]mﬂumagawﬂu‘wuwmnmﬂﬂmﬂammzwuaammﬂwmgaam1m
= @ [ FY
onszAaumMstesiuld
| - v
UTnuallsezrdanasau
aunsalUsunsulaeldusedu +5 v 1@
ud lvdoyalumibeausilsunsulddoszuunszyIums ICD (n Circuit

] g | ot
Debugger) HIUNDIAINGS 2 U7
A U =) ] o Y
¥y MLAVEULIEANN T sun s ]d
TWidea+299+55y
B 4 '

NTUAFINUATHOSAVOINDTA 25 mA
Timer3 A7 19 Timer0 Y119 8 T NS ainaaesauta 8 §alusa Timerl v 16
a EY = L4 . a ey Sy J L4 4
UA NIDUNTAAAIEDS LA Timer2 YUIATA NS anaaos Inadananos uas
FRameiA N 1A 8 1 us)
=l H [ % A d A a
iluga cCp 2 ya lag drupsrndudyanumsounines v 16 in a1
azidoagna 1251 T3 dwnlSouioudyaia Svuie 16 90 a1
AzI1BuAgIgA 20011 143N 2993 PWM limwaziBoagaga 10 Ta

@ < R a ' o @ '
129951 aadfy 19 Analogt U Digital 10 T (5¥09d 115D 28 VAL 8 F045
AIMTU 40%7)
295 d0msYoyABYNITH (USART) WouMIns 10 suIoaas a9 iin
1299305999525 181 TIR6Y (Brown-out Detection) 1HonsTivnd iy

(BOR)



2.1.3 msdmassrveanudlysunsy
2 o v ° o v o & Aa s
PIC 16F877A uvunganudoyausudmsuldanianly 368 lud T53aimes

W4 8 1in 54 damde 56 @1 usazuvadTvnagaga 128 Tud uains19aueselus

3/ ;4
v A

L @ [ L= [ = d'
zuuana Ny Tagluumazuuanimsdaassnuneaii
131 0 TFIUDAATE 0x00-0xTF
J d' aa o
HOAIAS T 0x00-0x 1 F 1T Ui U ve a5 s enedIng
dy d' ] o v ) % k% Q'/
ueAAT A 0x20-0x7F 1uinivesnizeanuidoyadingulfamia Ty
96 lud
197 1 U910 AT 0x00-OXEF
¥ v
HBAIAS T 0x80-0x9F I uuNvo 3 senes WS udiiuraemasa il
nu
dy P ] o o g Y <
LBAIATE OXAO-OXEF Lﬂuwuwmaawuaﬂmmmmagammuhamwa"hJ
96 lust
1eAIAT T 0xFO-0xFF - Ussyveyamilouduluuenmsea 0x70-0x7F 1w
& 1541 v vy v 4
wien ofiey el ansalddayavinueaiase 0x70-0x7F 141031 Ty
1Y d' o
TR dounu s
LA 2 H¥I9U0AIAT T 0x100-0x 1 7F
¥ v
HeALATE 0x100-0x LOF 1T uNURY05 Saumo s 10 uadutauonas a'lale

U

¥ v
A A ]

d o o v
HoRATA 0x110-0x1HF iuituivo s foyadmiuldam
nh 16 lud

< dy =1 ] oBN9), ) L9 Y
UDALATE 0x120-0x16F lﬂuwurﬂ‘\laﬂﬁu]ﬂﬂ'ﬂlﬁl']Gllﬂjgﬁﬁ']ﬂﬁucl%'\ﬂu
w11 solud
AT E 0x170-0x17F Ussytoyamiouduluoamsa 0x70-0x7F 1w

i v Yy v 2

wuan aereleinsa lddoyainueniasa 0x70-0x7F 185031 Tao

'y o 7
Tideat/aouuan



HUAA 3 TFIOMATE 0x180-0x IFF

Q’ d‘ aa 4 =1 q Y
LURALATE 0x180-0x18F zﬂuwumaas%amaﬂwa LLﬂJJ‘UNLL'EJﬂLﬂSﬂ'VlJJCl‘K

NENY

ueALAT 0x190-0x19F 1uiiufivesmitonnuibeyadiniuléam

n11 16ud

3

HOALAT & 0x1A0-0x 1 EF Lﬂuﬁuﬁmawﬁwmmﬁﬁ'ayaﬁm%"ui%’qm
ivlal go'lust

oA A 0xIFO-0x IFF w359 doymmiiounyluneanse 0x70-0x7F i
I osﬁacﬁwiﬁmmmi%’agamﬂuammﬁ 0x70-0x7F 1441631 Tae

Tudesnlaounuen

2.1.4 ANMWSBY PIC

{ W a Cd o GJ a { é
mavesnmdTyyuam Jeyiuans o dayanaunin 167 20 MHz 9

' ¥

=

o £ Qo o [ ' < a o
inlnisfidawes Pic Tdnaniies 0.25 usudedialsimuldsiusinay 1840

Jd

a a a R p { S | = 08
AvaNT PIC 910 microchip 1182 18a374 chip NA1WS nanIuduay T5n

2.1.5 M1 BANNSIY0N PIC
luefiavisgnnuives PIC azAendhafos Ao ogsen 19 512 words 89 4K
[ @ a o i . & f] Y I/lsl @ o Y =1
words 1 11199174 135N microchip Fuuidrves pic 1HmILAIY memory T
R 4 kit P10V 1 3/:5 ::i A @
vnailumaeduiTalud waslfiiiimunsovee1d8udos 4 ludoweans iy
1 o % i =) aQ = £ o v IS
YIAveIMUIeNNNTwes PIC axtiy lumilound Tasiiniladidaves PiC 955
¥
YWIA 14 T AATUITIETON | word Y83 PIC 92891417 14 T, 19U PIC 16F877A 5y
hetindien ° & =2 Y o v s a Y}
NUNHIANU 1K F9nu1004 1 K word druaIdidunuy 1 1uvi = 8 Ta 028

21 1x 1,024 x 14= 14,336 TA A1TUARD 14,336/(8 x 1,024) = 1.75 K Tuiiueg

2.1.6 ailaenssuva PIC

¥
=2 Y v

¥
ALY 3 MeMAn q @I UNUATDI 7D VUALAIY 16xxx , 17xxx uaglvy

'
va o =) '

U A v =< a b A
NFAnd IBoxAnIUANUANIM TN vININdDdA I inngade 16->17->18

'
o W

AN assembly 499 17 uag 18 3xiiunnd 16 M l¥FeuTUsunsuld o0 s1a180=
A
P

' 1o { a 3 £ o
gaanduaniduniden Adonszna texxx  Felaoi1dudy i viadonis



1 ::; 1 1 LY v "y 1 o Q' a d'
aammm]mwsmnﬂa&m"lﬂummﬂﬂﬂﬂﬂ"lmawaqﬂﬂm% 9 IWULAY HaTIAUIN
<=1 [ A <] P Y 1 Y 1 = @
nRouNIIsNUYIAnaz gl nsain 9 luuin vsauervse s PIC iees)
= 1% U g 4'{ 1 Q' c:;d wva a d! L
1w Tao Tidoald chip dundoiiuay uRRAUANTANIAYYDI PIC Failagiiunany

aw d a d a @ =) dy 1 ' ' Ay ~ A
USHNNRAANIZIS I UL IAOULUUININIT uanoddouiiveide 1o naous
d’ 1 Y v A o Y ] o v o v '
mzimnﬂamﬁﬂummmwﬂwﬁmﬂﬂamﬂﬂﬂmﬂsuuawmﬂmmmmaga"ln

% 1 o 3 = a o Y 'y B

dunsavorelasldmizeninuiimeuenld Aumanguivensainlg uddesld
a <} 3 ra o @ I~ [l [ Ve

matiaanifos Fahition) pic Tummzdmsuaudn 4 Wildoulngfivedoaddms

MUINASHUIIAN NN

2.1.7 ¥HAY83 PIC
Y ' a ] o ] )
MCU Tunszga PIC dwuseenausinvoanyisnnus Tusunsy wie 1@y 3
=1
HUUAD
2.1.7.1 OTP (One Time Programmable) OTP 11y chip Aiis1m1gniiqe luau

Uszan ifeannmmnsaiins Tdsunsw lduse Sufvaringy w§a9in chip Idgn

@

Tsunsulludrag liannse Tsuns s 1 n1dsn Vetou 1 AU unTnswam

]

=1

Tsunsuaunseiia liigaunwsewds msizaziduyudnilefon fudmiy oz

ZD

AI0NYT C HAAIUUAATY 16C84, 16CT4
2.1.72. EPROM (Erasable Programmable ROM) EPROM (i1 chip #i7i

wignud I sunsude@oudh ludrannsaTusunsuluy 185 nd1ems au

Morky
Q2 QA ey,

Tsunsuduanlaslduaa Uv doainndr Tl chip Yszana 5-10 uail Suiud

% (= 4 ' [ X == )
AUV chip winsounszamie lWuas UV rmdn T luss chip uANLI LI

¥

< iy Y oot 3 &
asvlumsayTusunsuiuny WeanTusinsumn 9 &hé chip NIZTHUADIYT IV
2.1.7.3 EEPROM / Flash (Electronically Erasable Programmable ROM) Lﬂuﬁ’f]ﬁ

oo liuy aunsesumSeloudoduananawih a1 lumsavdoyalud

v
a ~

ey ~ Y o s =
IUIN Llﬁxfﬁlniﬂﬂ’UllﬂzlSUUu1‘”1’1@7’1@187‘”4?]5\3 W]iﬁlﬂuﬂuﬂlﬂﬂq@] 3 ﬂiglﬂ‘ﬂ y

@

18085 F i uduonisu 16F877A



10

dus H
2.2 AIMFUIBBSTAQUNANLAZAIINTYM SHT 15

s o vlyq’f

[l [ a g [ ' L4
ﬁ'J‘LDﬂNﬂ‘Y]NQEl!ﬁgllllazﬂ’ﬂll‘%‘u%zﬂﬂfﬂiﬂﬂi%ﬁlﬁ\l!,%ﬂi SHT 15 L‘ﬂul%u&“’ﬂaiﬂﬁﬂ AN

[

guupiinaza iy uagiidulasdyapaneuzasn Willudyaaisaoaniolud suT 15
sq Yo ¢ y aa Ay yy ° , °
Wugdnsailddnemiynifiotoyadinea miilddeainndmuaunssuaumuayns

U

IR Y 1 o A Y a ' a d’l
mmgmﬂlmqﬂnmmi}z"lﬂﬂuamvg‘ﬂmm%mfluﬂwaaqmﬁgmmizmmmu

SHT7x

<it

sUN 2.1 IC SHT 15

4 = vaw &

%3 SHT 15 Unaiatuanail
o i Packagelll/1 LCC (Leadless Chip Carrier)

£ ¥
e aunsaialangungiiazanuiy
e aunsninguugillddud 0-125 esmwaos AnvazBualumssa 0.1 eemn
=)
CRIEHL
@ Ay v W Slcf: 1 =1 @
° munsniannuauduing 18R s 1-99.99%RH A wazBualunisia 0.1%RH
o ldunasnield +5 v Aunszuadm
AR Y A

o ludyanalumsniugu 21du fio DATA uaz CLOCK

o

e iinuuiudlumsiagungiin 0.5 osrnwaFud drunnuTuT 3.5%RH



10

das a H
2.2 @I HIBRS INQUHANNAZANNYY SHT 15

1 @ 1 4

@ a é‘ 9 <3| s o 9
auIananeguQiLaraNNyuIrIa lagldauaes SHT 15 dwsiiwosnioald
& a ‘gl A o o < o aa Y
WgunQiinaraNuL uaziidwladyanameuzaen lihiludyanuainoanieluda SHT 15

SAq Y Jd 3 Y aa v Ay Yy o 1 o
Wugdnsalildaneiynidedoyadinoa ariilddesiundmuaumssiuaumuaunis
I's A a g

IR Y Y U a dy
mmgmﬂmqﬂﬂsmm%ﬂﬂmmmwwmm%mﬂuﬂwmqmwgmmzmmﬂm

<it

31N 2.11C SHT 15

wva

é =S Q/ dy
%9 SHT 15 Upasau1inaail
o i Packagelil)l LCC (Leadless Chip Carrier)
® qunsnda ldnigungiuazaui
® ausninguvgildnua 0-125 esruzaliva Aanuazidealumsia 0.1 e
ERIn
2 F22
®  FuNInIAANNFUTUINT IAAIUA 1-99.99%RH ANazidealumsia 0.1%RH
o Idunasnelyl +5 v Aunszuad
0 ¥ o Y =)
e lddyanalumsaiuau 2 1du Ao DATA uag CLOCK

H Y H
e Lanuuiudrlumsiagungiii 0.5 eeruwaoa duaNuTUR 3.5%RH



7UM 22 ueraadnyazYPe SHT 15

Pin | Name Comment

1 | GND {Ground

2 | DATA |Serial Data, bidirectional
SCK' |Serial Clock, input only
VDD |Source Voltage

NC | NC |Must be left unconnected

NC NC
NC
NC
(NC

NC

D N

MIWT 2.1 Haa9nIF YYD SHT 15

Parameter Conditions min | typ | max |Units

Power supply DC £4.1)3,8 D55 |V
measuring 055 14" mA

Supply current average!' A 28 pA
sleep A8 164 pA

Low leveloui_IF & 3hA N 6 ) 250 | mv

voltage

higtieveloipt I ko |lo0% 100%| VDD

voltage

Low level input O

voltage Negative going| 0% 20% (VDD

o erelnpu s b ve oing | A0 100%| VDD

voltage

Input current on pads 1 | pA

Output current on. 4 e
Tri-stated (off) 10 2D [ pA

AN 2.2 LAAIRAUAITA DC Y94 SHT 15
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SCK G \J' \‘_
DATA \ /

U 2.4 uaA3 Timing Diagram Tugaamsdadoya

Parameter Conditions | min | typ | max | Units
VDD->45V| 0 (01| 5 [MHz
VOD<45V| 0 |01 | 1 [MHz
Tsckx |SCK hillow time 100 ns
TelTr (SCK riseffall time Q200" |\gd

OL= 5pF | 357~102f 207| ns
OL = 100pF | 30 | 40 | 200 | ns

Fscx |SCK Frequency

Tro |DATA fall time

Tro  |[DATA rise time INJY LIS\ g
Ty |DATA valid time 20 T N\ ns
Tsu  |DATA setup time N0e TGO s
Tro  [DATA hold time W [ 10°L%| .ns

79 2.3 uaasguauifuedaa s SCK 1as DATA

Tre
<—T:p
- 80%
- N 20%

U 2.5 naawnuTuiAYe9 Timing Diagram Yo 4dya1as DATA Hay SCK
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Datasheet SHT1x (SHT10, SHT11, SHT15)

Humidity and Temperature Sensor

= Fully calibrated
= Digital output
® | ow power cor

vrallant [Pt atal
n EX(<,8'}{§531 i0ong erm

Product Summary

SHT1x (including SHT10, SHT11 and SHT15) is
Sensirion’s family of surface mountable relative humidity
and temperature sensors. The sensors integrate sensor
elements plus signal processing on a tiny foot print and
provide a fully calibrated digital output. A unique
capacitive sensor element is used for measuring relative
humidity while temperature is measured by a band-gap
sensor. The applied CMOSens® technology guarantees
excellent reliability and long term stability. Both sensors
are seamlessly coupled to a 14bit analog to digital
converter and a serial interface circuit. This results in
superior signal quality, a fast response time and
insensitivity to external disturbances (EMC).

Dimensions
% 1.5:022.0=011.5:01  sensor opening 2.5 +01
8 ¢ L -|-t—> ¢ L
o
Y - 5
1 NC) : NC ‘o &
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Figure 1: Drawing of SHT1x sensor packaging, dimensions in
mm (1Tmm = 0.039inch). Sensor label gives “11" for SHT11 as
an example. Contacts are assigned as follows: 1:GND, 2.DATA,
3:SCK, 4:vDD.

Each SHT1x is individually calibrated in a precision
humidity chamber. The calibration coefficients are
programmed into an OTP memory on the chip. These
coefficients are used to internally calibrate the signals
from the sensors. The 2-wire serial interface and internal
voltage regulation allows for easy and fast system
integration. The tiny size and low power consumption
makes SHT1x the ultimate choice for even the most
demanding applications.

SHT1xis supplied in a surface-mountable LCC (Leadless
Chip Carrier) which is approved for standard reflow
soldering processes. The same sensor is also available
with pins (SHT7x) or on flex print (SHTA1).

Sensor Chip

SHT1x V4 - for which this datasheet applies - features a
version 4 Silicon sensor chip. Besides the humidity and
temperature sensors the chip contains an amplifier, AD
converter, OTP memory and a digital interface. V4 sensors
can be identified by the alpha-numeric traceability code on
the sensor cap - see example “A5Z" code on Figure 1.

Material Contents

While the sensor is made of a CMOS chip the sensor
housing consists of an LCP cap with epoxy glob top on an
FR4 substrate. The device is fully RoHS and WEEE
compliant, thus it is free of Pb, Cd, Hg, Cr(6+), PBB and
PBDE.

Evaiuation Kits

For sensor trial measurements, for qualification of the
sensor or even experimental application (data logging) of
the sensor there is an evaluation kit EK-H4 available
including SHT71 (same sensor chip as SHT1x) and 4
sensor channels, hard and software to interface with a
computer.  For other evaluation kits please ' check
www.sensirion.com/humidity.

WWW.sensirion.com
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Datasheet SHT1x

Sensor Performance

Relative Humidity

Parameter Condition min | typ | max | Units
Resolution ! 0.4 | 005 | 0.05 | %RH
8 12 12 bit |
Accuracy 2 typical 5 %RH j{
SHT10 maximal see Figure 2
Accuracy ? typical ‘ +3.0 L %RH
SHT11 maximal see Figure 2
Accuracy ? typical | +.0 i %RH
SHT15 maximal see Figure 2
Repeatability +0.1 %RH
Hysteresis + %RH
Non-linearity linearized <«<1 %RH
Response time 3 |t (63%) 8 ]
Operating Range 0 100 | %RH
Long term drift 4 [nomal <05 %RH/yr
+10
+8 1 ,
= b \\, ///
£ ~_ SHT10 )
< \ SHT11 /
=2 SHT15
+0 . T T T T T T .

0 10 20 30 W40 HON60 AO=807F0 40
Relative Humidity (%RH)

Figure 2: Maximal RH-tolerance at 25°C per sensor type.

Electrical and General ltems

Parameter Conditon | min | typ | max | Units
Source Voltage 245123355 Vv

sleep 2 5 uW
Power : 3 W
Consumption § Measung

average 90 W
Communication |digital 2-wire interface, see Communication
Storage 10 -50°C (0 - 125°C peak), 20 - 60%RH

! The default measurement resolution of is 14bit for temperature and 12bit for
humidity. It can be reduced to 12/8bit by command to status register.

2 Accuracies are tesled al Outgoing Quality Control-at- 25°C (77°F) and 3.3V.
Values exclude hysteresis and are applicable o non-condensing environments
only

3 Time for reaching 63% of a step function, valid al 25°C and 1 m/s airflow.

Temperature
Parameter Condition min | typ | max | Units
Resoliition i 0.04 | 0.01 | 001 °C
| 12 14 14 | bit
Accuracy 2 Itypical +0.5 3G
SHT10 maximal see Figure 3
Accuracy 2 typical ’ +0.4 ’ °C
SHT11 maximal see Figure 3
Accuracy ? typical 1 +0.3 ’ °C
SHT15 maximal see Figure 3
Repeatability +0.1 °C
Operating Range =t WAL 7
-40 254.9| °F
Response Time 6 |1 (63%) 5 30 s
Long term drift <0.04 °Clyr

-40 -20 0 20 40 60 80 100
Temperature (°C)

Figure 3: Maximal T-tolerance per sensor type.

Packaging Information

Sensor Type Packaging | Quantity | Order Number
SHT10 Tape & Reel 2000 1-100218-04
Tape & Reel 100 1-100051-04
SHT11 Tape & Reel 400 1-100098-04
Tape & Reel 2000 1-100524-04
SHT15 Tape & Reel 100 1-100085-04
Tape & Reel 400 1-100093-04 |

This datasheet is subject to change and may be
amended without prior notice.

4 Value may be higher in environments with high contents of volatile organic
compounds. See Section 1.3 of Users Guide.

7 Values for VDD=3.3V at 25°C, average value at one 12bil measurement
per second.

5 Response time depends on heat capacity of ‘and thermal resistance to
sensor substrate.

WWW.sensirion.com
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Users Guide SHT1x

1 Application Information

1.1  Operating Conditions

Sensor works stable within recommended normal range -
see Figure 4. Long term exposures to conditions outside
normal range, especially at humidity >80%RH, may
temporarily offset the RH signal (+3 %RH after 60h). After
return to normal range it will slowly return towards
calibration state by itself. See Section 1.4 “Reconditioning
Procedure” tc accelerate eliminating the offset. Prolonged
exposure to extreme conditions may accelerate ageing.

< 100 <
< 80 >
£ g \
kel \
g 60 5 Normal \
T Range N
g ] \
g 2 N
Q
&0 ‘ & SRS L\,

40 20 0 #F 40 600 Y003 408

Temperature (°C)

Figure 4: Operating Conditions

1.2 Soldering instructions

For soldering SHT1x standard reflow soldering ovens may
be used. The sensor is qualified to withstand soldering
profile according to IPC/JEDEC J-STD-020D with peak
temperatures at 260°C during up to 40sec including Pb-
free assembly in [R/Convection reflow ovens.

A
Tp > fete
s Tu 4 th
E Ts(max) / /
(-9
§
] /
<—critical zone —! -

<+——preheating—! 2
: g Time

Figure 5: Soldering profile according to JEDEC standard. Te <=

260°C and tr < 40sec for Pb-free assembly. Tp < 220°C and t, <
150sec. Ramp-up/down speeds shall be < 5°C/sec.

For soldering in Vapor Phase Reflow (VPR) ovens the
peak conditions are limited to Te < 233°C during tp <
60sec and ramp-up/down speeds shall be limited to
10°C/sec. For manual soldering contact time must be
limited to 5 seconds at up to 350°C.

7 233°C = 451°F, 260°C = 500°F, 350°C = 652°F

IMPORTANT: After soldering the devices should be stored
at >75%RH for at least 12h to allow the polymer to re-
hydrate. Otherwise the sensor may read an offset that
slowly disappears if exposed to ambient conditions.
Alternatively the re-hydration process may be performed at
ambient conditions (>40%RH) during more than 5 days.

In no case, neither after manual nor reflow soldering, a
board wash shall be applied. Therefore it is strongly
recommended to use ‘no-clean” solder paste. In case of
application with exposure of the sensor to corrosive gases
or condensed water (i.e. environments with high relative
humidity) - the soldering pads shall be sealed (e.g.
conformal coating) to prevent loose contacts or short cuts.

For the design of the SHT1x footprint it is recommended to
use dimensions according to Figure 7. Sensor pads are
coated with 35um Cu, 5um Niand 0.1um Au.

% 247

P o7

s : 20.60
imeas
= e g
N oweoe
Figure 6: Rear side electrodes of sensor, view from top side.
AR N 5 SEmma r
ol 1 = [}
i < v
£ 2
AT = %mg .
e s v
L §: V7 §¢
Y77 v
C el Z !
Sp il e ey
180 348 | 18
B 7.08

Figure 7: Recommended footprint for SHT1x. Values in mm.

1.3 Storage Conditions and Handling Instructions

It is of great importance to understand that a humidity
sensor is not a normal electronic component and needs to
be handled with care. Chemical vapors at high
concentration in combination with long exposure times
may offset the sensor reading.

For these reasons it is recommended to store the sensors
in_original packaging including the sealed ESD bag at

WWW sensirion.com
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following conditions: Temperature shall be in the range of
10°C - 50°C (0 - 125°C for limited time) and humidity at
20 - 60%RH (sensors that are not stored in ESD bags).
For sensors that have been removed from the original
packaging we recommend to store them in ESD bags
made of metal-in PE-HD®,

In manufacturing and transport the sensors shall be
prevented of high concentration of chemical solvents and
long exposure times. Out-gassing of glues, adhesive tapes
and stickers or out-gassing packaging material such as
bubble foils, foams, etc. shall be avoided. Manufacturing
area shall be well ventilated.

For more detailed information please consult the
document "Handling Instructions” or contact Sensirion.

14 Reconditioning Procedure

As stated above extreme conditions or exposure to solvent
vapors may offset the sensor. The following reconditioning
procedure may bring the sensor back to calibration state:

Baking: 100 - 105°C at < 5%RH for 10h
Re-Hydration: 20 - 30°C at ~ 75%RH for 12h ¢,

1.5 Temperature Effects

Relative humidity reading strongly depends  on
temperature. Therefore, it is essential to keep humidity
sensors at the same temperature as the air of which the
relative humidity is to be measured. In case of testing or
qualification the reference sensor and test sensor must
show equal temperature to allow for comparing humidity
readings.

If the SHT1x shares a PCB with electronic components
that produce heat it should be mounted in a way that
prevents heat transfer or keeps it as low as possible.
Measures to reduce heat transfer can be ventilation,
reduction of copper layers between the SHT1x and the
rest of the PCB or milling a slit into the PCB around the
sensor (see Figure 8).

Figure 8: Top view of example of mounted SHT 1x with slits
milled into PCB to minimize heat transfer.

8 For example, 3M antistatic bag, product “1910" with zipper .
9 75%RH can conveniently be generated with saturated NaCl solution.
100 - 105°C correspond to 212 = 221°F, 20 = 30°C correspond to 68 = 86°F

Furthermore, there are self-heating effects in case the
measurement frequency is too high. Please refer to
Section 3.3 for detailed information.

1.6 Light

The SHT1x is not light sensitive. Prolonged direct
exposure to sunshine or strong UV radiation may age the
housing.

1.7 Membranes

SHT1x does not contain a membrane at the sensor
opening. However, a membrane may be added to prevent
dirt and droplets from entering the housing and to protect
the sensor. It will also reduce peak concentrations of
chemical vapors. For optimal response times the air
volume behind the membrane must be kept minimal.
Sensirion recommends and supplies the SF1 filter cap for
optimal IP54 protection (for higher protection - i.e. IP67 -
SF1 must be sealed to the PCB with epoxy). Please
compare Figure 9.

o membrane — o-fing

: 5
& i =, housing S
e O
1
1
!

XD 2FB =

&{ Melted plastic pin

Figure 9: Side view of SF1 filter cap mounted between PCB and
housing wall. Volume below membrane is kept minimal.

1.8 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: Any metals, LCP, POM
(Delrin), PTFE (Teflon), PE, PEEK, PP, PB, PPS, PSU,
PVDF, PVF.

For sealing and gluing (use sparingly): Use high filled
epoxy for electronic packaging (e.g. glob top, underfil),
and Silicone. Out-gassing of these materials may also
contaminate the SHT1x (see Section 1.3). Therefore try to
add the sensor as a last manufacturing step to the
assembly, store the assembly well ventilated after
manufacturing or bake at >50°C for 24h to outgas
contaminants before packing.

1.9 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

WWW.sensirion.com
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resolved by routing VDD and/or GND between the two
data signals and/or using shielded cables. Furthermore,
slowing down SCK frequency will possibly improve signal
integrity. Power supply pins (VDD, GND) must be
decoupled with a 100nF capacitor if wires are used.
Capacitor should be placed as close to the sensor as
possible. Please see the Application Note “ESD, Latch-up
and EMC” for more information.

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

Latch-up immunity is provided at a force current of
+100mA with Tam = 80°C according to JEDEC78A. See
Application Note “ESD, Latch-up and EMC’ for more
information.

2 Interface Specifications

Pin | Name Comment
GND |Ground

DATA |Serial Data, bidirectional
SCK' |Serial Clock, input only
4 | VDD |Source Voltage

NC VNC Must be left unconnected

Table 1: SHT1x pin assignment, NC remain floating.

2.1 Power Pins (VDD, GND)

The supply voltage of SHT1x must be in the range of 2.4 -
5.5V, recommended supply voltage is 3.3V. Power supply
pins Supply Voltage (VDD) and Ground (GND) must be
decoupled with a 100 nF capacitor - see Figure 10.

The serial interface of the SHT1x is optimized for sensor
readout and effective power consumption. The sensor
cannot be addressed by 12C protocol; however, the sensor
can be connected to an 12C bus without interference with
other devices connected to the bus. The controller must
switch between the protocols.

VDD GND

SHT1x
Micro- e DATA
Controller SCK |
(Master) VDD 2
100nF i
— T oS
24-55V GND

Figure 10: Typical application circuit, including pull up resistor
R and decoupling of VDD and GND by a capacitor.

2.2 Serial clock input (SCK)

SCK is used to synchronize the communication between
microcontroller and SHT1x. Since the interface consists of
fully static logic there is no minimum SCK frequency.

2.3  Serial data (DATA)

The DATA fri-state pin is used to transfer data in and out
of the sensor. For sending a command to the sensor,
DATA is valid on the rising edge of the serial clock (SCK)
and must remain stable while SCK is high. After the falling
edge of SCK the DATA value may be changed. For safe
communication DATA valid shall be extended Tsy and Two
before the rising and after the falling edge of SCK,
respectively — see Figure 11. For reading data from the
sensor, DATA s valid Ty after SCK has gone low and
remains valid until the next falling edge of SCK.

To avoid signal contention the microcontroller must only
drive DATA fow. An external pull-up resistor (e.g. 10kQ) is
required to pull the signal high - it should be noted that
pull-up resistors may be included in I/O circuits of
microcontrollers. See Table 2 for detailed I/0 characteristic
of the sensor.

24  Electrical Characteristics

The electrical characteristics such as power consumption,
low and high level input and output voltages depend on
the supply voltage. Table 2 gives electrical characteristics
of SHT1x with the assumption of 5V supply voltage if not
stated otherwise,

Parameter Conditions min | typ | max |Units

Power supply DC10 24 | 33 | 55| V
measuring 0557 1 | mA

Supply current average!! 2128 HA
sleep 03 | 1.5 | pA

Low level output \ g WA 0 250 | mv

voltage

8N IVEl Ul R <5k | 90% 100%| VDD

voltage

B velinput Negative going| 0% 20% | VDD

voltage

dolevelinget. ot eitive going:| 80% 100%| VDD

voltage

Input current on pads 1 | uA

Output current 2 4ime
Tri-stated (off) 10 | 20 | pA

Table 2: SHT1x DC characteristics. Re stands for pull up
resistor, while lod is low level output current.

10 Recommended voltage supply for highest accuracy is 3.3V, due to sensor
calibration.

' Minimum value with one measurement of 8bit resolution without OTP reload
per second. Typical value with one measurement of 12bit resolution per
second.
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Absolute maximum ratings for VDD versus GND are +7V
and -0.3V. Exposure to absolute maximum rating
conditions for extended periods may affect the sensor
reliability (e.g. hot carrier degradation, oxide breakdown).
For proper communication with the sensor it is essential to
make sure that signal design is strictly within the limits
given in Table 3 and Figure 11.

<—Tro
-- 80%
- Naw 20%

Figure 11: Timing Diagram, abbreviations are explained in
Table 3. Bold DATA line is controlled by the sensor, plain DATA
line is controlled by the micro-controller. Note that DATA valid

3.2 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 — see Figure 12.

Figure 12: "Transmission Start" sequence

The subsequent command consists of three address bits
(only ‘000" is supported) and five command bits. The
SHT1x 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.

read time is triggered by falling edge of anterior toggle. Command Code
Reserved 0000x
Parameter Conditions | min | typ | max | Units Measure Temperature 00011
VDD>4.5V| 0 | 01| 5 [MHz Measure Relative Humidity 00101
Fsck |SCK Frequency :
VDD <45V| 0 | 04| 1 [MHz Read Status Register 00111
Tsckx |SCK hiflow time 100 ns Write Status Register 00110
Tr/Tr | SCK riselfall f 11200 = ['ns oy 0101x-1110x
i bl tolly Soft reset, resets the interface, clears the 11110
: OL="5pF | 3511020 | ns status register to default values. Wait minimum
Tro |DATA fall time M ms before next command

OL = 100pF | 30 | 40 | 200 | ns

Tro |DATA rise time e Y g
Tv  |DATA valid time 200 [ 250 | *** | ns
Tsu |DATA setup time 100 | 150 | *** | ns
Tho |DATA hold time 10«19 | ™** Tmpg

TR_max + T _max = (Fsck)" = Tsck — Tscke
R Tro is determined by the Re*Cews time-constant at DATA line

it Tv_max and Tsu_max depend on external pull-up resistor (Re) and total bus
line capacitance (Cbus) at DATA line

™ Tuo_max < Tv = max (Tro, Tro)

Table 3: SHT1x I/0 signal characteristics, OL stands for Output
Load, entities are displayed in Figure 11.

3 Communication with Sensor

3.1 Start up Sensor

As a first step the sensor is powered up to chosen supply
voltage VDD. The slew rate during power up shall not fall
below 1Vims. After power-up the sensor needs 11ms to
get to Sleep State. No commands must be sent before
that time.

Table 4: SHT1x list of commands

3.3 Measurement of RHand T

After issuing a measurement command (‘00000101" for
relativehumidity, ‘00000011" for temperature) the
controller has to wait for the measurement to complete.
This takes a maximum of 20/80/320 ms for a 8/12/14bit
measurement. The time varies with the speed of the
internal oscillator and can be lower by up to 30%. To
signal the completion of a measurement, the SHT1x pulls
data line low 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 at its convenience.

Two bytes of measurement data and one byte of CRC
checksum (optional) will then be transmitted. The micro
controller 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, for a 8bit result the
first byte is not used).
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Communication terminates after the acknowledge bit of
the CRC data. If CRC-8 checksum is not used the
controller may terminate the communication after the
measurement data LSB by keeping ACK high. The device
automatically returns to Sleep Mode after measurement
and communication are completed.

Important: To keep self heating below 0.1°C, SHT1x
should not be active for more than 10% of the time - e.g.
maximum one measurement per second at 12bit accuracy
shall be made.

3.4 Connection reset sequence

If communication with the device is lost the following signal
sequence will reset the serial interface: While leaving
DATA high, toggle SCK nine or more times - see Figure
13. 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,

Figure 13: Connection Reset Sequence

3.5 CRC Checksum calculation

The whole digital transmission is secured by an 8bit
checksum. It ensures that any wrong data can be detected
and eliminated. As described above this is an additional
feature of which may be used or abandoned. Please
consult Application Note “CRC Checksum” for information
on how to calculate the CRC.

3.6 Status Register

Some of the advanced functions of the SHT1x such as
selecting measurement resolution, end-of-battery notice,
use of OTP reload or using the heater may be activated by
sending a command to the status register. The following
section gives a brief overview of these features.

After the command Status Register Read or Status
Register Write — see Table 4 - the content of 8 bits of the
status register may be read out or written. For the
communication compare Figure 14 and Figure 15 - the
assignation of the bits is displayed in Table 5.

EREER

@lolofofofol1[1]o Status Register |

ACK
Bit 7

Figure 14: Status Register Write

FEEEE]

2(olofojofo|1]1|1 Status Register

ACK
Bit 7
AC
Bit 7
= o8
8
x
17}
=
ACK

N

Figure 15: Status Register Read

Examples of full communication cycle are displayed in
Figure 16 and Figure 17.

JESEs N ANTTTT
£10[0/0| Command 0{0 MSB S
lIlDATAready []II|<
HLISEI;HI‘“ IIChIIkIIl =

2y dnith. e Rl Eodl § AEE S

Figure 16: Overview of Measurement Sequence. TS = Trans-
mission Start, MSB = Most Significant Byte, LSB = Last
Significant Byte, LSb = Last Significant Bit.

Address ='000
Al A0

Transmission Start

DATA \ / \

Command ='00101'

A2

C2 C1 CO |ACK (80ms for 12bit)

Measurement '

Sensor pulls DATA lins low after
completion of measurement
ssma

MSb
el a9 8

19 raldinand 12

/ Idle Bits

DATA [\ [\

12bit Humidity Data LSb
ACK 7 0

Skip ACK to end lransmission
(ifno CRC is used)
ACK

6 5 4

MSb CRC-8 Checksum LSb
7 6 9 4 3 2 1 0

Sleep (wait for next Transmission Start
measurement)

DATA / \ / \ /

Figure 17: Example RH measurement sequence for valug “0000'01000011'0001" = 1073 = 35.50%RH (without - temperature
compensation). DATA valid times are given and referenced in boxes on DATA line. Bold DATA lines are controlled by sensor while plain

lines are controlled by the micro-controller.
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i8it [Type |Description Default
74 reserved 0
End of Battery (low voltage No default value,
6 IR detection) X bit is only updated
‘0" for VDD > 2.47 after a
‘1"for VDD < 2.47 measurement
5 reserved 0
4 reserved 0
3 For Testing only, do not use | 0
2 |RW [Heater 0 |off
1 |RW |no reload from OTP 0 |reload
"1"= 8bit RH/ 12bit Temp.
resolution 12bit RH
LY ‘0" = 12bit RH / 14bit Temp. 0 14bit Temp.
resolution

Table 5: Status Register Bits

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

End of Battery function detects and notifies VDD voltages
below 2.47V. Accuracy is +0.05V.

Heater: An on chip heating element can be addressed by
writing a command into status register. The heater may
increase the temperature of the sensor by 5 — 10°C12
beyond ambient temperature. The heater draws roughly
8mA @ 5V supply voltage.

For example the heater can be helpful for functionality
analysis: Humidity and temperature readings before and
after applying the heater are compared. Temperature shall
increase while relative humidity decreases at the same
time. Dew point shall remain the same.

Please note: The temperature reading will display the
temperature of the heated sensor element and not
ambient temperature. Furthermore, the sensor is not
qualified for continuous application of the heater.

OTP reload: With this operation the calibration data is
uploaded to the register before each measurement. This
may be deactivated for reducing measurement time by
about 10ms.

4 Conversion of Signal Output

4.1 Relative Humidity

For compensating non-linearity of the humidity sensor -
see Figure 18 — and for obtaining the full accuracy of the
sensor it is recommended to convert the humidity readout

12 Corresponds to 8 - 18°F

(SOrn) with the following formula with coefficients given in
Table 6:

RH e =€, +€, *S0, +¢,-50,, (%RH)

SOrK C1 c2 C3

12 bit -2.0468 0.0367 -1.5955E-6 |
| 8bit -2.0468 | 0.5872 -4.0845E-4 |

Table 6: V4 humidity conversion coefficients

The values given in Table 6 are optimized coefficients for
V4 sensors. The parameter set for V3 sensors, which has
been proposed in earlier datasheets, still applies and is
provided by Sensirion upon request.

Values higher than 99% RH indicate fully saturated air and
must be processed and displayed as 100%RH3. Please
note that the humidity sensor has no significant voltage
dependency.

100% e

80% | e

60% N

40% - 2

20% =

0% +=— T T . : —
0 500 1000 1500 2000 2500 3000 3500
SOgy sensor readout (12bit)

Relative Humidity

Figure 18: Conversion from SOrw to relative humidity

4.2 Temperature compensation of Humidity Signal
For temperatures significantly different from 25°C (~77°F)
the humidity signal requires temperature compensation.
The temperature correction  corresponds roughly to
0.12%RH/°C @ 50%RH. Coefficients for the temperature
compensation are given in Table 7.

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

linear

<10fF e o
12 bit 0.01 0.00008
8 bit 0.01 0.00128

Table 7: Temperature compensation coefficients™

4.3 Temperature

The band-gap PTAT (Proportional To Absolute
Temperature) temperature sensor is very linear by design.

13 1f wetted excessively (strong condensation of water on sensor surface),
sensor output signal can drop below 100%RH (even below 0%RH in some
cases), but the sensor will recover completely when water droplets
evaporate. The sensor is not damaged by waterimmersion or condensation.

4 Coefficients apply both to V3 as well as to V4 sensors.
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Use the following formula to convert digital readout (SOr)
to temperature value, with coefficients given in Table 8:

T=d, +d, SO,

VDD | di(°C) | di(°F) | |SOr | do°C) | d:(°F) |
5V | 4041 | 402 | [14bit | 001 | 0018
v | 398 | -396 | [120it | 004 | 0072
35V | 307 | 295
e BT
25v | -394 | 389

Table 8: Temperature conversion coefficients!s.

44 Dew Point

SHT1x is not measuring dew point directly, however dew
point can be derived from humidity and temperature
readings. Since humidity and temperature are both
measured on the same monolithic chip, the SHT 1x allows
superb dew point measurements.

For dew point (Tg) calculations there are various formulas
to be applied, most of them quite complicated. For the
temperature range of -40 - 50°C the following
approximation provides good accuracy with parameters
given in Table 9:

RH m:T
M 100% ) T +7
T,(RH,T)=T - 37" ¢

( RHJ m-T
m—In -
100%,) T,+T

¥0 (°C)=F ) i

Temperature Range
Above water, 0-50°C 243.12 17.62
Aboveice, 40-0°C 272.62 22.46

Table 9: Parameters for dew point (Tq) calculation.

Please note that ‘In(...)" denotes the naturallogarithm. For
RH and T the linearized and compensated values for
relative humidity and temperature shall be applied.

For more information on dew point calculation see
Application Note “Introduction to Humidity".

5 Environmental Stability

If sensors are qualified for assemblies or devices, please
make sure that they experience same conditions as the
reference sensor. It should be taken into account that
response times in assemblies may be longer, hence

15 Temperature coefficients have slightly been adjusted compared to datasheet
SHTxx version 3,01. Coefficients apply to V3 as well as V4 sensors.

enough dwell time for the measurement shall be granted.
For detailed information please consult Application Note
“Qualification Guide”.

The SHT1x sensor series were tested according to AEC-
Q100 Rev. G qualification test method. Sensor
specifications are tested to prevail under the AEC-Q100
temperature grade 2 test conditions listed in Table 107,
Sensor performance under other test conditions cannot be
guaranteed and is not part of the sensor specifications.
Especially, no guarantee can be given for sensor
performance in the field or for customer's specific
application.

Please contact Sensirion for detailed information.

Environment [Standard eresullms'7 f
HTSL 125°C, 1000 hours Within T
specifications |
1% -50°C - 125°C, 1000 cycles  |Within |
Acc. JESD22-A104-C specifications
UHST 130°C / 85%RH / =2.3bar, Within
96h |specifications
THU 85°C / 85%RH, 1000h |Within

specifications |

ESD immunity |MIL STD 883E, method 3015 |Qualified |
(Human Body Model at +2kV) ‘

Latch-up force current of £100mA with |Qualified

Tamb = 80°C, acc. JEDEC 17

Table 10: Qualification tests: HTSL = High Temperature Storage
Lifetime, TC = Temperature Cycles, UHST = Unbiased Highly
accelerated Stress Test, THB = Temperature Humidity Unbiased

6 Packaging

6.1  Packaging type

SHT1x are supplied in a surface mountable LCC
(Leadless Chip Carrier) type package. The sensor housing
consists of a Liquid Crystal Polymer (LCP) cap with epoxy
glob top on a standard 0.8mm FR4 substrate. The device
is fully RoHS and WEEE compliant - it is free of Pb, Cd.
Hg, Cr(6+), PBB and PBDE.

Device size is 7.47 x 4.93 x 2.5 mm (0.29 x 0.19 x 0.1
inch), see Figure 1, weight is 100 mg.

6.2  Traceability Information

All SHT1x are marked with an alphanumeric, three digit
code on the chip cap (for reference: V3 sensors were
labeled with numeric codes) - see “A5Z" on Figure 1. The
lot numbers allow full traceability through production,

16 Sensor operation temperature range is -40 to 105°C according to AEC-Q100
temperature grade 2.

7 According to accuracy and long term drift specification given on Page 2.
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calibration and testing. No information can be derived from
the code directly; respective data is stored at Sensirion
and is provided upon request.

Labels on the reeis are displayed in Figures 19 and 20,
they both give traceability information.

6.3  Shipping Package

SHT1x are shipped in 12mm tape at 100pcs, 400pcs and
2000pcs - for details see Figure 21 and Table 11. Reels
are individually labeled with barcode and human readable
labels.

rggznsity ﬁg;{NN-YRRRTTTTT i
U ————"~

Figure 19: First label on reel: XX = Sensor Type (11 for SHT1 1),
NN = Chip Version (04 for V4), Y = last digit of year, RRR =
number of sensors on reel divided by 10 (200 for 2000 units),
TTTTT = Traceability Code.

(SENSIRION X
THE SENSOR COMPANY
Device Type: 1-100PPP-NN
Description: Humidity & Temperature Sensor
SHTxx
Part Order No.  1-100PPP-NN or Customer Number
Date of Delivery: DD.MM.YYYY
Order Code: 46CCCC/0 J
s

Figure 20: Second label on reel: For Device Type and Part
Order Number please refer to Table 12, Delivery Date (also
Date Code) is date of packaging of sensors (DD = day, MM =
month, YYYY = year), CCCC = Sensirion order number.

Sensor Type Packaging Quantity i Order Number
SHT10 Tape & Reel 2000 | 1-100218-04
Tape & Reel 100 1-100051-04
SHT11 | Tape & Reel 400 | 1-100098-04
Tape &Reel | 2000 | 1-100524-04 |
SHT15 Tape & Reel 100 1-100085-04

Tape &Reel | 400 | 1-100093-04

Table 11: Packaging types per sensor type.

Dimensions of packaging tape are given in Figure 21. All
tapes have a minimum of 480mm empty leader tape (first
pockets of the tape) and a minimum of 300mm empty
trailer tape (last pockets of the tape).

2.00+£0.05 —» = 21.50 MIN

F /i1

—> <100
0.30 + 0.05—<— E 34'12.00"5 21.50 MIN

Pl (éoio'oogq@éoog 20,

~4— G600 05°G

—»
<-——{ £0F 0T}

— |e— 010

o) 2]

o

3\

2.80 _>' s o A RO.5 TYP

Figure 21: Tape configuration and unit orientation within tape,
dimensions in mm (fmm = 0.03%inch). The leader tape is at the
right side of the figure while the trailer tape is to the left
(direction of unreeling).
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Revision History
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Date [Version Page(s) |Changes

July 2008 4.0 1-11 New release, rework of datasheet

September 2008 4.1 3,4 Adjustment of normal operating range and recommendation for antistatic bag

April 2009 4.2 2,7 Amended foot note 2, communication diagram updated (Figure 17).

May 2010 4.3 1-11 Various errors corrected and additional information given (ask for change protocol).

Important Notices

Warning, Personal Injury

Do not use this product as safety or emergericy stop devices or in
any other application where failure of the product could result in
personal injury. Do not use this product for applications other
than its intended and authorized use. Before installing, handling,
using or servicing this product, please consult the data sheet and
application notes. Failure to comply with these instructions could
result in death or serious injury.

If the Buyer shall purchase or use SENSIRION products for any
unintended or unauthorized application, Buyer shall defend, indemnify
and hold harmless SENSIRION and its officers, employees,
subsidiaries, affiliates and distributors against all claims, costs,
damages and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated
with such unintended or unauthorized use, even if SENSIRION shall be
allegedly negligent with respect to the design or the manufacture of the
product.

ESD Precautions

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

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

Warranty

SENSIRION warrants solely to the original purchaser of this product for
a period of 12 months (one year) from the date of delivery that this
product shall be of the quality, material and workmanship defined in
SENSIRION's published specifications of the product. Within such
period, if proven to be defective, SENSIRION shall repair andlor
replace this product, in SENSIRION's discretion, free of charge to the
Buyer, provided that;

e notice in writing describing the defects shall be given to

SENSIRION within fourteen (14) days after their appearance;

e such defects shall be found, to SENSIRION's reasonable
satisfaction, to have arisen from SENSIRION's faulty design,
material, or workmanship;

e the defective product shall be returned to SENSIRION's factory at
the Buyer's expense; and

e the warranty period for any repaired or replaced product shall be
limited to the unexpired portion of the original period.

This warranty does not apply to any equipment which has not been
installed and used within the specifications recommended by
SENSIRION for the intended and proper use of the equipment.
EXCEPT FOR THE WARRANTIES EXPRESSLY SET FORTH
HEREIN, SENSIRION MAKES NO WARRANTIES, EITHER EXPRESS
OR IMPLIED, WITH RESPECT TO THE PRODUCT. ANY AND ALL
WARRANTIES, INCLUDING WITHOUT LIMITATION, WARRANTIES
OF 'MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE, ARE EXPRESSLY EXCLUDED AND DECLINED.
SENSIRION is only liable for defects of this product arising under the
conditions of operation provided for in the data sheet and proper use of
the goods. SENSIRION explicitly disclaims all warranties, express or
implied, for any period during which the goods are operated or stored
not in accordance with the technical specifications.
SENSIRION does not assume any liability arising out of any application
or use of any product or circuit and specifically disclaims any and all
liability, - including . without limitation consequential or incidental
damages. All operating parameters, including without limitation
recommended parameters, must be validated for each customer's
applications by - customers  technical experts. Recommended
parameters can and do vary in different applications.

SENSIRION reserves the right, without further notice, (i) to change the

product specifications and/or the information in this document and (i) to

improve reliability, functions and design of this produc:.

Copyright® 2009, SENSIRION.
CMOSens®is a trademark of Sensirion

All rights reserved
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CLC400

May 2001

Fast Settling, Wideband Low Gain Monolithic Op Amp

General Description

The CLC400 is a high speed, fast setting operational ampli-
fier designed for low gain applications. Constructed using a
unique, proprietary design and an advanced complementary
bipolar process, the CLC400 offers performance far beyond
that normally offered by ordinary monolithic op amps. In
addition, unlike many other high speed op amps the CLC400
offers both high performance and stability without the need
for compensation circuitry — even at a gain of +1.

The fast 12ns settling to 0.05% and its ability to drive capaci-
tive loads makes the CLC400 an ideal flash A/D driver. The
wide bandwidth of 200MHz and the very linear phase ensure
unsurpassed signal fidelity. Systems employing digital to
analog converters also benefit from the use of the CLC400
— especially if linearity and drive levels are important to
system performance.

The CLCA400 provides a simple, high performance solution
for video distribution and line driving applications. The 50mA
output current and guaranteed specifications for 100Q loads
provide ample drive capability and assured performance.
The CLC400 is based on National’s proprietary op amp
topology that uses current feedback instead of the usual
voltage feedback. This unique design has many advantages
over conventional designs (such as setiling time that is
relatively independent of gain), yet it is used in basically the
same way (see the gain equations in Figure 1and Figure 2).
However, an understanding of the topology will aid in achiev-
ing the best performance. The following discussion will pro-
ceed for the non-inverting gain configuration with the invert-
ing mode analysis being very similar.

Enhanced Solutions (Military/Aerospace)

SMD Number: 5962-89970

Space level versions also available.

For more information, visit http://www.national.com/mil

Features

u -3dB bandwidth of 200MHz

® 0.05% settling in 12ns

Low power, 150mW

Low distortion, -60dBc at 20MHz
Stable without compensation
Overload and short circuit protected
£1 to *8 closed loop gain range

Applications

® Flash, precision A/D conversion
® Video distribution

® Line drivers

® D/A current-to-voltage conversion
Photodiode, CCD preamps

IF processors

High speed communications

Pulse Response

0.4V/div
>

2ns/div

01274309

Connection Diagram

Offset Adjust [I ® @ Not Connected

Vinv [2] 7] *Vee

Vnon-inv @ 6] Vout
Vee [a 5] Not Connected
01274319

Pinout
DIP & SOIC
© 2001 National Semiconductor Corporation DS012743 www.national.com
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CLC400

Ordering Information

Package Temperature Range Part Number Package Marking NSC Drawing
Industrial
8-pin plastic DIP -40°C to +85°C CLC400AJP CLC400AJP NO8E
8-pin plastic SOIC -40°C to +85°C CLCA400AJE CLC400AJE MOB8A

www.national.com




Absolute Maximum Ratings ot 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Operating Temperature Range
Storage Temperature Range

-40°C to +85°C
-65°C to +150°C

!

et i Thrich Lead Solder Duration (+300°C) 10 sec
Distributors for availability and specifications. ESD rating (human body model) 500V
Supply Voltage (Vcc) 7V
BTl L Operating Ratings
Output is short circuit protected to
ground, but maximum reliability will Thermal Resistance
be maintained it I5,r does not Package (8,¢) (8,a)
exceed... 60mA MDIP 70°C/wW 125°C/w
Common Mode Input Voltage Ve SOIC 65°C/W 145°C/wW
Differential Input Voltage 10V
Junction Temperature +150°C
Electrical Characteristics
Ay = %2, Ve = 25V, R = 100Q, Ry = 2509; Unless Specified
L Max/Min Ratings ;
Symbol Parameter Conditions Typ (Note 2) Units
Ambient Temperature CLC400AJ +25°C | -40°C I *25°C l +85°C
Frequency Domain Response
SSBW -3dB Bandwidth Vour <0.5Vee 200 150 150 120 MHz
LSBW Vour<5Vep, Ay = +5 50 35 35 35 MHz
Gain Flatness Vour< 0.5Vpp
GFPL Peaking <40MHz 0 0.4 0.3 0.4 dB
GFPH Peaking >40MHz 0 0.7 0.5 0.7 dB
GFR Rolloff <75MHz 0.6 1.0 1.0 13 dB
LPD Linear Phase Deviation to 756MHz 0.2 1.0 1.0 172 deg
Time Domain Response
TRS Rise and Fall Time 0.5V Step 1.6 24 2.4 2.4 ns
TRL 5V Step 6.5 10 10 10 ns
TSP Settling Time to £0.1% 2V Step 10 13 13 13 ns
TS Settling Time to £0.05% 2V Step 12 15 15 15 ns
0s Overshoot 0.5V Step 0 15 10 10 %
SR Slew Rate Ay = +2 700 430 430 430 Vlius
SR1 Ay = -2 1600 - - - Vips
Distortion And Noise Response
HD2 2nd Harmonic Distortion 2Vpp,20MHz -60 -40 -45 -45 dBc
HD3 3rd Harmonic Distortion 2Vpp,20MHz -60 560 -50 -50 dBc
Equivalent Input Noise
SNF Noise Floor >1MHz =157 -154 -154 =153 dBm
(1Hz)
INV Integrated Noise 1MHz to 200MHz 40 57 57 63 ny
Static, DC Performance
0 trput Ofsel Vollage (Note 3) 2 82 | 50 | 90 | mv
40" | Average Temperature Coefficient 20 +40 = +40 | pvrc
7% Current {Note 3) Non-Inverting 10 $36 | $20 | %20 pA
DIBN Average Temperature Coefficient 100 | +200 = +100 | nA/C
1BI Input Bias Current (Note 3) Inverting 10 +36 +20 30 pA
DIBI Average Temperature Coefficient 50 1200 - 1100 | nA/C
PSRR Power Supply Rejection Ratio 50 45 45 45 dB
CMRR Common Mode Rejection Ration 50 45 45 45 dB
ICC Supply Current (Note 3) No Load 15 23 23 23 mA
3 www.national.com
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CLC400

Electrical Characteristics (continued)
Ay = +2, Voo = 15V, R = 100Q, Ry = 250Q; Unless Specified

Symbol Parameter Conditions Typ Max/Min Ratings Units
(Note 2)

Miscellaneous Performance

RIN Non Inverting Input Resistance 200 >50 >100 | >100 kQ
CIN Capacitance 0.5 <2.0 <2.0 <2.0 pF
RO Output Impedance At DC 0.1 <0.2 <0.2 <0.2 Q
vO Output Voltage Range No Load 35 >3.0 >3.2 >3.2 Vv
CMIR Common Mode Input Range For Rated Performance 21 >1.2 >2.0 >2.0 \%
10 Output Current +60 >35 >50 >50 mA

Magnitude (1dB/div)

vagnitude 1db/div

Phase 459 /div

Typical Performance

Characteristics (1,=25¢c, A, =+2, Voo =
5V, R, = 100Q; Unless Specified).

Non-Inverting Frequency Response

10 4]

2490

IRV

Th, =51

Ry = 2490

122t !

1 100

Frequency (MHz)

78 0
=-180
(270
~-360
-450

01274,

Frequency Response for Various R S

Ay

+2

;§§\
‘;

]
N

[ Wi
:RL=H<

—

R

o
N

[—
_—

50

N
N
N

/]
il
/
/

R

1k

‘{"L =

100 ~

EEL

X

20 MHz/div

200 MHz

01274303

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The table of “Electrical Characteristics” specifies conditions of device operation.

Note 2: Max/min ratings are based on product characterization and simulation. Individual parameters are tested as noted. Outgoing quality levels are determined
from tested parameters.

Note 3: AJ-level: spec. is 100% tested at +25°C, sample at 85°C.
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Typical Performance Characteristics (1, = 25:c A, = +2, v, = #5v, R, = 100Q; Unless
Specified). (Continued)

Open-Loop Transimpedance Gain, Z(s) 2nd and 3rd Harmonic Distortion
120 ) 180 -30 R S T
-40
100 140
= \\ Gain i /
— 90 120 2 / /
~ N e o y,
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< 80 = 100 — = vz
oy T~ ‘ & .2 2nd LA U
= 70 NN 80 g i /
o \ \ a i -60 7
o n
= 60} Vo \ 60 = ’/
= 1 N Y / 3rd
S0 F 1000 N 40 -70 P
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Frequency (Hz) Frequency (Hz)
01274304 01274305
2-Tone, 3rd Order, Intermodulation Intercept Equivalent Input Noise
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CMRR and PSRR Pulse Response
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CLC400

Typical Performance Characteristics (1. = 25°C, A, = +2, Vo = 5V, R_ = 1000; Unless
Specified). (Continued)

Settling Time
+0.20 — ———
Ay = +2
+0.15 RL =100
_ +0.10 2V output step
&
= 640:05
2
& 0
o
{ =
= -0.95
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=0:15
-0.20
0 50
Time (5ns/div)
01274310
Settling Time vs. Load Capacitance
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Settling Error (%)
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Recommended RS vs. Load Capacitance
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Typical DC Errors vs. Temperature
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Application Division

FP=—— - - e e e e — - ————— - -
I +sv offset voltage adjustment circuit (optional- !
+5V ! except for cpaacitor, which improves fine :
6.8 uF | scale settling time). i
20kQ 1
| P - o o e
! 1
e | Ry
b d Ay = 1 + E
]
For optimum performance, Rf and Rg should be
low-inductance, low-capacitance resistors.
(Pin designations are for DIP versions.)
6.8 uf
-5V
01274316
FIGURE 1. Recommended Non-Inverting Gain Circuit
R N L ST s N U] g S
I 45y offset voltage adjustment circuit (optional-
+5V i except for cpaacitor, which improves fine
6.8 uf I scale settling time).
20kf)
] o e L i T e e e e
I 1
) ERAPL =
0.01 uf &Y Av:_f
RQ

Vout

For optimum performance, R; and Rg should be
low-inductance, low-capacitance resistors.

(Pin designations are for DIP versions.)

6.8 uF

01274317

FIGURE 2. Recommended Inverting Gain Circuit

Understanding the Loop Gain

Referring lo the equivalent circuit of Figure 3, any current
flowing in the inverting input is amplified to a voltage at the
output through the transimpedance gain shown on the plots.
This 7(s) is analogous to the open-loop gain of a voltage

eedback amplifier

-

1
I
I
!
!
4
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CLC400

Application Division (continved)

AN'
Re

For optimum performance, Rf and Rg should be

G—AAA
<“—VVy

low=-inductance, low-capacitance resistors.
01274318

FIGURE 3. Current Feedback Topology

Developing the non-inverting frequency response for the
topology of Figure 3 yields:

Equation 1
V_0:1 + Bl 1
Vi 1-1 Ll

where LG is the loop gain defined by,
Equation 2

Z(s) 1
S 1+Z 7R IRy

LG §-

Equation 1 has a form identical to that for a voltage feedback
amplifier with the differences occurring in the LG expression,
Equation 2. For an idealized treatment, set Z;=0 which re-
sults in a very simple LG = Z(s)/R, (Derivation of the transfer
function for the case where Z;=0 is given in Application Note
AN300-1). Using the Z(s) (open-loop transimpedance gain)
plot shown on the previous page and dividing by the recom-
mended R, = 2501, yields a large loop gain at DC. As a
resull, Equation 1 shows that the closed-loop gain at DC is
very close to (1+R¢/R).

At higher frequencies, the roll-off of Z(s) determines the
closed-loop frequency response which, ideally, is dependent
only on R. The specifications reported on the previous
pages are therefore valid only for the specified R =
250Q. Increasing R from 250 will decrease the loop gain and
band width, while decreasing it will increase the loop gain
possibly leading to inadequate phase margin and closed-
loop peaking. Conversely, fixing R, will hold the frequency
response constant while the closed-loop gain can be ad-
justed using R,

The CLC400 departs from this idealized analysis to the
extent that the inverting input impedance is finite. With the
low quiescent power of the CLC400, Z = 50Q leading to a
drop in loop gain and bandwidth at high gain settlings, as
given by Equation 2. The second term is Equation accounts
for the division in feedback current that occurs between Z;

and R{R, at the inverting node of the CLC400. This de-
crease in bandwidth can be circumvented as described in
“Increasing Bandwidth at High Gains.”

DC Accuracy and Noise

Since the two inputs for the CLC400 are quite dissimilar, the
noise and offset error performance differs somewhat from
that of a standard differential input amplifier. Specifically, the
inverting input current noise is much larger than the
non-inverting current noise. Also the two input bias currents
are physically unrelated rendering bias current cancellation
through matching of the inverting and non-inverting pin re-
sistors ineffective.
In Equation 3, the output offset is the algebraic sum of the
equivalent input voltage and current sources that influence
DC operation. Output noise is determined similarly except
that a root-sum-of-squares replaces the algebraic sum. Rgis
the non-inverting pin resistance.

Equation 3

Output Offset V,, = £IBN x Rg (1+ Ri/R,)

VIO (1+ R¢/Ry) IBI x R,
An important observation is that for fixed R, offsets as
referred to the input improve as the gain is increased (divide
all terms by 1+R¢/Rg). A similar result is obtained for noise
where noise figure improves as a gain increases
Selecting Between the CLC400 or CLC401
The CLCA400 is intended for gains of 1 to +8 while the
CLC401 is designed for gains of £7 to +50. Optimum per-
formance is achieved with a feedback resistor of 2500 with
the CLC400 and 1.5Q with the CLC401- this distinction may
be important in transimpedance applications such as D/A
buffering. Although the CLC400 can be used at higher gains,
the CLC401 will provide a wider bandwidth because loop
gain losses due to finite Z; are lower with the larger CLC401
feedback resistor as explained above. On the other hand,
the lower recommended feedback resistance of the CLC400
minimizes the output errors due to inverting input noise and
bias currents.
Increasing Bandwidth At High Gains

Bandwidth may be increased at high closed-loop gains by
adjusting R; and Ry to make up for the losses in loop gain
that occur at these high gain settlings due to current division
at the inverting input. An approximate relationship may be
obtained by holding the LG expression constant as the gain
is changed from the design point used in the specifications
(that'is, Ry = 250Q and R, = 250Q). For the CLC400 this
gives,

Equation 4

Rf = 350 - SOAV and R = 350 - S0Ay,

AV-1

g

where Ay is the non-inverting gain. Note that with Ay =+2we
get the specified R, = 250Q, while at higher gains, a lower
value gives stable performance with improved bandwidth.
Capacitive Feedback

Capacitive feedback should not be used with the CLC400
because of the potential for loop instability. See Application
Note OA-7 for active filter realizations with the CLC400.
Offset Adjustment Pin

Pin 1 can be connected to a potentiometer as shown inFig-
ure 1and used to adjust the input offset of the CLC400. Full
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range adjustment of £5V on pin 1 will yield a £10mV input
offset adjustment range. Pin 1 should always be bypassed to
ground with a ceramic capacitor located close to the pack-
age for best settling performance.

Printed Circuit Layout

As wilh any high frequency device, a good PCB layout will
enhance performance. Ground plane construction and good
power supply bypassing close to the package are critical to
achieving full performance. In the non-inverting configura-
tion, the amplifier is sensitive to stray capacitance to ground
at the inverting input. Hence, the inverting node connections
should be small with minimal coupling to the ground plane.
Shunt capacitance across the feedback resistor should not
be used to compensate for this effect.

Parasitic or load capacitance directly on the output wili intro-
duce additional phase shift in the loop degrading the loop

phase margin and leading to frequency response peaking. A
small series resistor before the capacitance effectively de-
couples this effect. The graphs on the preceding page illus-
trate the required resistor value and resulting performance
vs. capacitance.

Precision buffed resistors (PRP8351 series from Precision
Resistive Products) with low parasitic reactances were used
to develop the data sheet specifications. Precision carbon
composition resistors will also yield excellent results. Stan-
dard spirally-trimmed RN55D metal film resistors will work
with a slight decrease in bandwidth due to their reactive
nature at high frequencies.

Evaluation PC boards (part no. 730013 for through-hole and
730027 for SOIC) for the CLC400 are available.

www.national.com
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CLC400

Physical Dimensions inches (millimeters)

unless otherwise noted
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Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN

COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION.

1. Life support devices or systems are devices or 2.
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a

APPROVAL OF THE PRESIDENT AND GENERAL
As used herein:

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

significant injury to the user.
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Email: support@nsc.com Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507
Deutsch Tel: +49 (0) 69 9508 6208 Fax: 65-2504466
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FAIRCHILD

SEMICONDUCTOR®
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LM317

3-Terminal Positive Adjustable Regulator

Features

Output Current In Excess of 1.5A

Output Adjustable Between 1.2V and 37V

Internal Thermal Overload Protection

Internal Short Circuit Current Limiting

* Output Transistor Safe Operating Area Compensation
+ TO-220 Package

Internal Block Diagram

Description

This monolithic integrated circuit is an adjustable 3-terminal
positive voltage regulator designed to supply more than 1.5A
of load current with an output voltage adjustable over a
1.2V to 37V. It employs internal current limiting, thermal
shut-down and safe area compensation.

TO-220 o]

s

1

1. Adj 2. Output 3. Input

ER,

Input

Voitage
Reference

Protection
Circutry

Rlimit

2]
Output

Rev. 1.0.4
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LM317

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input-Output Voltage Differential Vi-Vo 40 Y
Lead Temperature TLEAD 230 °C
Power Dissipation Pb Internally limited w
Operating Junction Temperature Range Tj 0~+125 °C
Storage Temperature Range TSTG -65 ~ +125 °C
Temperature Coefficient of Output Voltage AVO/AT +0.02 %/°C

Note 1: Absolute Maximum Ratings: are those values beyond which the safety of the device cannot be guaranteed. The device
should not be operated at these limits. The parametric values defined in the Electrical Characteristics tables are not guaranteed
at the absolute maximum ratings. The "Recommended Operating Conditions" table will define the conditions for actual device
operation.

Electrical Characteristics
(VI-Vo = 8V, 10 = 0.5A, 0°C < Ty < +125°C, IMAX = 1.5A, PDMAX = 20W, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
LA~ G25°G
- 001 | 0.04 | %/V
Line Regulation (Note2) Rline | 3V < Vi- Vo <40V :
3V < V- Vo <40V - 002 | 0.07 | %/V
TA = +25°C, 10mA <10 < IMAX
Vo< 5V - 18 25 |mV%/No
: Vo 2 5V 0.4 0.5
Load Regulation (Note2) Rload
10mA < 10 < IMAX
Vo < 5V - 40 70 |mV%/VO
Vo 2 5V 0.8 125
Adjustable Pin Current IADJ - - 46 100 pA
5 s 3V < V|- V0O £40V
Adjustable Pin Current Change AlADY NolfA®I0 </ Bxkes Pk | 2.0 5 pA
3V < VIN - VO <40V
Reference Voltage VREF | 10mA <10 < IMAX .20 91.25 | 1.30 Y
PD < PmAX
Temperature Stability STt - - 0.7 - %/NO
anmum Load Current to Maintain lLviny | Vi - Vo = 40V i 35 12 B
Regulation
Vi-Vo <15V, Pp < PMAX 15802212 -
Maximum Output Current Io(MAX) | VI - VO <40V, Pp < PMAX - 0.3 - A
TA=25°C
RMS Noise, % of VouT eN TA= +25°C, 10Hz < f < 10kHz - 10.003| 0.01 | %/Vo
Vo =10V, f = 120Hz
Ripple Rejection RR without CADY 66 60 - dB
CADJ = 10uF (Note3) 75
- 1 TA = +25°C for end point =
Long-Term Stability, Ty = THIGH ST e e - 0.3 1 Z
Thermal Resistance Junction to Case| ReJC - = 5 - °C/W

Note 2: Load and line regulation are specified at constant junction temperature. Change in Vp due to heating effects must be
taken into account separately. Pulse testing with low duty is used. (PMAX = 20W)
Note 3: Capy, when used, is connected between the adjustment pin and ground.




LM317

Typical Performance Characteristics

02

o

V. =15V
Vo =10V
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Figure 1. Load Regulation Figure 2. Adjustment Current
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Figure 3. Dropout Voltage Figure 4. Reference Voltage




LM317

Typical Application

v LM317 q O Output
Input Vad] -l-
ci ¢ S Co

\ a4

0.1y lagj 1uF

Vo= 1.25V (1+ R2/ R1)+lagjR2

Figure 5. Programmable Regulator

+ Ciisrequired when regulator is located an appreciable distance from power supply filter.
Co is not needed for stability, however, it does improve transient response.
Since IADJ is controlled to less than 100pA, the error associated with this term is negligible in most applications.




LM317

Mechanical Dimensions

Package
Dimensions in millimeters

TO-220 [ SINGLE GAUGE ]

09
‘Z’g.soA
FEECIEES)
@] B I 4.83 ,
3.56
i 8.89
S (el 6.86
! 3.43 - I
r \ 254
6.86 —
kj } 7 5.84
i l =il |1 A13.40
TaeT 1219
14,22 T’
N9.40
8.38
MIFRE f \5 f BNEHE
A, & 5%
6.35 MAX % 5
{ I
14.73
12,70
\{ B
1.78 0.51% ) { | ¢
09— [T | a4 A0.33
=l | 292
203
NOTES: UNLESS OTHERWISE SPECIFIED
A) REFERENCE JEDEC, TO-220, ISSUE K,
VARIATION AB, DATED APRIL, 2002.

B) ALL DIMENSIONS ARE IN MILLIMETERS.
C) DIMENSIONING AND TOLERANCING PER
ANSIY14.5 - 1973
5° 52 D) LOCATION OF THE PIN HOLE MAY VARY
32 3 (LOWER LEFT CORNER, LOWER CENTER
AND CENTER OF THE PACKAGE)
DOES NOT COMPLY JEDEC STANDARD VALUE.
u:#m L m#n F) "A1" DIMENSIONS REPRESENT LIKE BELOW:
SINGLE GAUGE = 0.51 - 0.61
DUAL GAUGE  =1.14 - 1.40
G) DRAWING FILE NAME: TO220B03REV6




LM317

Ordering Information

Product Number Package Operating Temperature
LM317T TO-220 0°C to +125°C
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN:; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to

perform when properly used in accordance with

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the

user.

www fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.
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