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Abstract

Code of Project : A70/2557
Project Name : Seed humidity meter

Researcher Name : Mr.Tanakorn Suntornwat

This research aims to study and design the seed humidity meter for
the farmers who produce a type of seed; for examples, green bean and sorghum
seeds, especially paddy rice which is seen as the primary product in Thailand.
The price of the paddy rice will be changed depending on the volume of the
humidity found on the paddy rice. The farmers cannot afford the seed humidity
meter because it is expensive and has to be imported from abroad. Farmers do
not know how much the humidity content of the grain is when the paddy rice is
at the mill. It must be sold at prices determined by the mill which is seen as the
disadvantage of farmers. Therefore, this research has been conducted in order to
design and construct the seed humidity meter for reducing the cost of measuring
the agricultural products before sale. Technology and equipment that have been
used in designing the tool are available in domestic in order to keep price as low
as possible. Besides, it helps provide opportunities for farmers to access the tool
easily. The humidity and temperature detectors number SHT-11 are used in
creating the seed humidity meter and the value can be read on the sensors with
microcontrollers. The value measured can be shown with LCD display. Calibration
values have been certified by the Bureau of Weights and Measures, Department
of Internal Jvade, Ministry of Commerce, making the measurement accurate.

From studying three types of seed, it is found that the tool.can measure the
humidity of ‘the iseed effectively.-Paddy: rice, green beans and-sorshum seeds
have a maximum error of 5.35%, 4.12% and 2.81% respectively.

Key Words : Humidity,Seed,Microcontroller,Sensor

E-mail Address : tanakorn.s@rmutr.ac.th
Period of Project : October 2013 — September 2014
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Vss—[J12 R 29 []<—> RD6/PSP6
OSC1/CLKIN—>[113 28 [14—> RD5/PSP5
OSC2/CLKOUT ¢— [ 14 27[1<¢— RD4/PSP4
RCO/T10SO/T1CKI<—>[115 26 1€ RC7/RX/DT
RC1/T10SI/CCP2 <—>[116 25[J¢—> RC6/TX/CK
RC2/CCP1¢—>[]17 24[J¢—> RC5/SDO
RC3/SCK/SCL <—>[118 23 []<—> RC4/SDI/SDA
RDO/PSP0<—>[]19 22 [J¢—> RD3/PSP3
RD1/PSP1$—>[]20 21[1€—> RD2/PSP2

AWl 10 uansveslhilasreulnsataesmsyga PIC-16F887

31NN INVI04 PIC-16F877 U 16F874 aga1usaqlnain data sheet woiazu1aedl

[

wihuanaesiuly@wsneamdu wasa A, wese B, wesn C, wosn D, wasn E laeiiugiu

o [

wanesausavnasnamIsavisUndunALareinaluRdnea nuiu wesn A uay nedn

[

a o I3 o [~ 1Y e 44' o £ a ara 4
E Nau1sanuiduaisvdaeuias nbdaitduainidnsatnauiuidndsununeiadnd

g7

s

19 Miulpeg oy Ao dsninanuaIsdng

2.2.3 auautfvedulasreulusaiaes nsgna PIC-167887

'
[

aedalildam 35 Ay drdmdsaldnaniiienu 1465 2 oycle vhald
geanflanuidyg muiRag 20 MHz. sty Pipe-tine (i 2 %a) 19 o anile
U 2 eghewdeuiu wiaganudaldsunssdunuy Flash dvdin-8K Word (1 word=14
Tn) Jvu1andIsaaudd (RAM) 368 Lus—3 EEPROM w116 256 tuf mevaussiudulnes
%’Wléjﬁgﬂwmﬂ 14 U@y %4l Stack "Lﬁ’taﬁ’ﬂﬁqaqm 8 s¥nuU Hseul Pewer On Reset, Power Up
Timer, Oscillator Start4up timer- 58Uy Code Protection é{’iympmmﬁmﬁwawimmiﬁ
donldau Ae 8199¥ld XTALMS03395-RC Ala-audsnltsunsumeln +5vDC 16 1913
TUsunsuuy In-Circuit Serial Programming vt udiliass 2vDC §9 5.5VDC Current
Sink L@ g Current Source @ ¢ 725mA 5 Timer/Counter 3 &1 i1y a8
Capture/Compare/PWM 8n 2 9a & ATO-D Converter wuu 10 Js 371u7u 8 Yatindily
#1109 fiszuu USART d1msusiafiu nsdeaswuu RS232 wiadnda flszuunsiaseauld
[A84 (Brown-out reset) i1 1/0 wasavaviun 5 wasa uraznesailsiuiudaldvinfusiund,

24 1/0
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1w 33 Inleouuseandu
PORTA = RA 5 + RAO 91U 6 Un
PORTB = RB 7 + RBO 911U 8 Un
PORTC = RC 7 + RCO 97uqu 8 Un
PORTD = RD 7 + RDO 9117u 8 Un
PORTE = RE 2 + REO 911U 3 Un
2.2.4 g uniing
lulasaoulnsalaesazsiulsdosddymrauRnlitusddundsloda

s>}

(Clock Bus) ves@iigazusznaulumedygruuininieuendiuiu 4 luida fie Q1, Q2, Q3

=

wae Q4 AawanIluNINg 3 A9TUANUANTNYUSLUIANAMBNTLIAIAILWNAUAINUDVDY

Y

dyaauinInIeuenmsiaY 4 wiemnaginnsananusivedulasreulnsameinizna

PIC-16F887 @11150U5211aNaRaNiImMawINy 1/4 WinueinnudoaadaLamasnieuan

|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q]|Q2|Q3|Q4|

OSCl1 W
Ql 7 BN /%
| I |Intemal
Qzl_/_\ | /) i /\
Q3 — ¢ | Phase
o | " ] ok

o PC PC+2
0SC2/CLKO /T . ——

PC+4
WAL LT, .
(RC Mode) | Fetch INST (PC) |
Execute INST(PC-2) Fetch INST (PC+2)
| Execute INST (PC) | Fetch INST (PC+4)
I [Execute INST(PC+2

=] ) a
AN 11 Ay Iauuniing

2.2 5 lvin gty neuuanan

PIC16F877 enansaldeninuadaisufnafien e dauianisviiany
Igunda ¢ Wntiar lnenisianuefidn Fosct luddamas Confisuration Word Tun1svinanu
Jxfoudonlnuniiils, fisgezdun

11sn 1P (Low Power Crystal) Tdnunasanoanialssniintsloluinasnadsnu
ALE 32KHzZ - 200KF2

g LP(Crystal/Resonaton I a3 asieandeorsfinisloiumesndsaus
AYNE 200KHZ - GMHz

Inun HS (High Speed Crystal/Resonator) l4funsanaanseigsniintslaiy

WBSWAIUANANUD AMHZ - 20MHzZ
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Tnua RC a@ansafnuaaianudlaainainnudumiusasfiiiuuszqine

AeuaNNAUYY OSC1/CLKIN

2.2.6 Useunnvotesadalanes aulanslunisian 1

LP (Low Power Crystal) a3anaandsanusi

XT (Crystal/Resonator) A3anea %30 L3laiunes

HS (High Speed Crystal/Resonator) A3anaa 150 15laiumosnuLsIge

RC (External Resistor/Capacitor) 3995 RC Angusn

H4 (HS + PLL: High Speed Crystal/Resonator with PLL enabled) A& 4
PLL Aeazviinsnaudnyaauniniiiidiun she 4 1wu 0SC mnud 10 MHz Wesiunszuau
mMsiazylRldnuBviiy 40 MHz

2.2.7 99aTalamoInUUAIanaa
poadaLampsuuUaTaneaitiflululnsreulnsaimoinazga PIC-16F877 day

BRNLIWUU XT 92A09b029955 ML ULABS HUUMISIAN TS aASanDanawn7v1 OSCL way OSC2

Q [}

WievilAAndy g auring nasdenldfnulsey d1usueassloiumesuuusiin 9y

ATaRaALAs Nl Fananslunnsan 1

= v a A ) g o
M19199 1 AduuU TR zaRAuaEanty

Osc Type | Crystal Freg. Cap. Range C1 Cap. Range C2

e 32kHz 33pk 33pk
200kHz 15pF 15pF

XT 200kHz 47-68pk 47-68pk
1IMHz 15pF 15pF
4MHz 15pk 15pF

HS 4MHZz 15pF 15pF
8MHz 15-33pF 15-33pF

Iluy KT Mupeatatalnosasanealuuninsgu §1e19deinsasanealuy
ansUfR AT (AT Strip-cut) ileuaniagsn1steweslnsil (Overdrive)

Fnsibeusegunsal R hulalasoulnsalaesnsza PIC-16F887 dwsy
A1 Rext Atfoanin 2.2 Alaleviu inlvdygruseadalameiilionnazlinsiniongais
dmfuan Rext AfiANgean (1Wu 1 wnglevin) oeadamesaziaulimedyaasuniy

LAY

ANNTULATANIZWINDUAEUBN AeluATazlddn Rext TndiAregludiag 5 Alaleviu A
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100 Alaloviy fawdinevadaawesazyiuldlaglifesdedniuussgnieuen (Cext=0 pF)

! ] = i ~ ) o = N v v
windslar1dLAuYsEanuINndl 20 pF ieandyausuniukasiidyyiuiaiuad gl
fidufvuszansaduivlszgnisueniardesiiuly azirliauiesadaamasings
wWasuulasegenseiiuiu esainnsidauwdasidaiuuszanieuen 1wy Ausuasiul

a v & A o o v
‘UiL’JE‘LJGI’JLﬂ‘U‘UiSi}‘Vii@G]’JU’WENG]’JLﬂUUi%ﬂ

Cle 0SC1|
%
S
=XTAL
0SC2
= RSQ)" %o s
s~ PICT6F87X

Muil 12 BnsWensiegunsad RC v lulasmeulvsaiaesnszna PIC-16F887

2.3 uLees
gunsal Sensor ldlunisdinnnudulunuiilaun aunsal Sensor Luas SHT-11 lng
anansadarinnuduuazaumgiituiudeiu iinsdeasteyaiululasreulvsamesiy

sULuU 12C Tngldudeanstoyadnuin 2.0

+V
(2.4V~5V)

[e}
=
330 47k L
DATA [ 1| 3- W 8]+5v s ¥ 8
1
(2] sHTit | - | 7] gunsoindiaed | »{DATA
(lulaspauinsaiand) 3| SHT11
crock[3] 5] > CLK

o 8 T

Wil 13 aunsad Sensor ALY

2.4 910830

walulafdaflines LCD gau191n Liquid CrystalDisplay Fuifuseuannaiuy
(Digital )T,mamwﬁﬂiwngs"ﬁmﬁmmﬂLLaﬂﬁgﬂUdaEJaammnﬂ%ﬁi@ﬂlﬁ/\lé’wuwé’qmaaaaﬂﬁw
(Black Light) kudunsoaue (Polarized filtar) uda Ui pSasaianiise ety 3
Wwadhe uawdLne uaEidouauadnty naedufinea (Pixel) fiainsanlaintusenim
WUV LCD (Liquid Crystal Display) fin1s¥inarufidudeuniiuuu CRT ilesainlaseadi
ﬂ’W‘EJIuR]BLﬁuqﬂﬂiﬂjaﬁﬂ%iaﬁﬂéﬁﬂﬂuﬂ Tuaenn LCD aedindna3asaman (mude) dudle
is19euszualiiind g wannsadamaniifesiinnistasivemdn udnisdnsaiazann
fosfituegfulsrannmasnszualiihiidedlutues
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2.4.1 wmaluladuefiwesuuy LCD dyamunaleUsenishe
vadnngdindauasimiinusenmsieuilifesedeiiudbidnnsou
Prelifudnvesnenminundunituedimesuuy COT ¢ 3 whuasdegUsnsfiuuy 51
madumtuasdunds Tunsfuisdeunsaliadufivevdmivandnileliussndaiud
NSy

funnswanamahuiunanmaluladnugiulunisesniuy vilieeuednes

a

WU LCD annsanansraldfuituiiilonioudiouiuuuu COT vuna 17 Ay fiu
wanamainiafianazegi 15 Gand1y it W milaudea Sseanbongs waeidndiud
gnailesanueiivestinnuuuunuais teauonmenuazisanmsussdndusune
doguaman Usgndandeanulniignenislindsaulniafidiniiae coT fa 60
wWosidud

Auansalunssesfuduns (nput) ldvatequuuniouduiiesie
weflmesuuu LCD anunsadudyaisminunasdyaaidneadudld wu Wnsiaindeinios
WuRifkarueIuaRnsavitamdeualnuateuasteyals Ievilviveneiiinesuuy LCD
Julgraesessulnsimisazeeselwoslunanionty sl dudedeneimesnarsq
AU

2.4.2 UHLANURII0N MUY LCD

00 MMNWUY LCD Bvanunsantseeniily 2 Uszinnie wuu Passive Matrix
38 DSTN wazluy Active Matrix v138 TFT 38010 LCD Useian Passive Matrix dl4fuunu
uén Srvonmiuviastalfdumiauning wteuansaves Insdnindeudisui
7 fedukuY Active Matrix 9z aasnanlunasiansnadiininiagAdsinunsniin woy
Passive Matrix efialdflunsudnsnainesnisama g iy sitaan mdmiviades
ADNTIADS w’%aaamw‘lwmwmﬂmﬁﬁméﬁu’qmmmmsqa6] Wusiu
Usziny Passive Matrix v3aiite 3onanasemhaal DSTN 9910 LCD wuudazdinisi
ns1udamestiannvaslunisiiiunisdu e limsuansmariiladningenm LCD Tugu
win ureghilsiauaeamiszian DSTN TAgslrAmA RN sLARIALLATN s1gns
AuAuM I Pl uuslayaveRan s ldE ety Wi ldheamuuuiicuinuvieg
ameuns 9anmaghiaansonansaliiuiuaangisivesnn ludaq Tudsliidundenldsu
Iep)

UszLm Active Matrix viiaffiiaiiananos1anidiaiuyt TFT ms1za9n1w LCD
wuuigthmaudawesuiy Thinfilmanldauaurstansaluuiazgnuuasnin el
UsgAnsnmlunisaunuindauuy Passive Matrix i iiteldefife n1seanwuuidudou
NTUNTI2EL919880ALUY 2807W LCD LUY Active Matrix TWiansuafinuaziden
1,024x768x3 W31ziAaznUsznaumefinIuAuLLdnas 3 @ffe desldnsudamesie 3
dlu 1 90 BnvaniseenuuiidedldaussinssYadusgann mszdiinsndanedde
desdaieasdenalignuurenmuandiiiouniolifidugamiialusiud
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uni 3

A5N15NANARY/52 U8V

FuneunsE iy sonLUUIRIesIRALTUERflY aunsautiiunaunis
sdunuesnifuduneusasiolui
3.1 wndeyanagiiaizideya
3.2 9ENLUULAZES19995 IR
3.3 Weukagiaunlusunsumuauaulnayse
3.4 penuuuLarassinassdmiuldinies
3.5 Uszneuduuiielindenldinu

3.1 s9usaudayauaziinsevidaya

MlguarsuTtaya tiiesinradusdaiiv ddluseauatuilisiua
domiisafuniseenuuuiBnsadaetosinrnutiuwdadis Tnonnslélulasneulnsaiaes
AwANNTTIL Tae3ud191n Sensor thanyUszsnana uaziansandildannnsinniu
veuananauuy LD élalasnoulnsaiaesnssa PIC 1o 167886 ilodsnismuny

3.2 2ONWUULATEEI9995INANUTY

3.2.1 N1589ALUUINITAIU Sensor

+V
(2.4V~5V)
(o]

£
e

Wy
ARAA
v

R
47 8
DATA
SHT11
CLK

il

AMAA

A
\ IS il’v-‘

AN 142935 Sensor INANUTRLAYe N



3.2.2 AN9DNLUUNITAIULEAING
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KA
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—*[0
R e
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|: Enzble
J Register Select
T

ﬂ’]‘W‘ﬁ 15 93UEMING LCD 16x2

3.2.3 19999IVUAYBUATIIIANLTUI LAY

16

20Nz
u yoo LD Chamctor 18X
3 SHTLL 3 £ )

s ULRIN C2CLEOUT — s
4 ] VPP ROOTIOSENL ORI e wEe = o .
3 . RAll RELTIOSUCER ftie ES5Es.BEEEEEAEEE
2 3 Ral ROUCCF | e
1 4 RAZ RCUSCKSCE = LLlle

SHT ©n LLE] ma.-sec:am = e | e
|_ RAATICKY aEC..ﬂIJfJ —
a RANINT Reuoar 41
|~ 4 Ri! Rt |2

a3 Frop M-

R =

ESTTTTE

o SR A R
R
i
i
s
a2
0@
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.||}
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3.2.4 99NRUUANEIATRLNY AT RANTUlULLAR Y

ANA 17 ang9asiamesarinanuaululdaiy

3.2.5 UsgnauiNasmubuy

)
=] Y = ) u = ﬁ-dly 3 @ A
2NN 18 fpsesinAuduluuaadiv

3.3 \Wguaznaulusunsunuauauinasse
3.3.1 Waysenisvinanuvedlusensy
41NN1589NLUUNAS F1U5aREUlNavIsAN ISV uLed Software lasail

Set Port

——

Read Sensor
LAPNHANTIR

]

AN 19 Iassnn15vinauYestuskngy
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#include <16F883.H>

#include "lcdl.c"

#include "sht75.c"

#fuses HS, NOWDT, PROTECT, NOLVP , NOMCLR
#use delay(clock = 20M)

#use fast_io(a)

#use fast_io(b)

#use fast_io(c)

#define mode_sw PIN_A0

float restemp,truehumid;

main()

{
set_tris_a(0xFF);
set_tris_b(0x00);
set_tris_c(0x00);

led_init();
sht_init();
delay ms(100);

while(1)
{
sht_rd(restemp,truehumid);
lcd_gotoxy(2,1);
printf(led_putc, "Temp : %3.1f %cC *; restemp, 223);
lcd_gotoxy(2,2);
printf(lcd_putc,”RH.., : %3.1f %% ", truehumid);
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MEASURE

= > O
NN 20 NTRBRALUUNABINTUUY

7

PROBE

MNN 21 A1508NLUUNEBIAIUVIN(T8)

MNT 22 PMITEBALUUNFBIAIUTIS(V))

POWER

ON % OFF
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una 4
NANISNAADY

4.1 nsnaasalalduaies
ndanUszneuaiasianLTumEnfivuay L“UEluI‘lJiLLﬂiﬁJﬂ’JUﬂNmiVI’N’mLUuﬁ
Soudesud levnismaassdawedes ImEJT,‘UsLmimvmumaumsmmumu
4.1.1 Sonedeiudn LA3e9sATIRE ULSIRULUAAES I

AR TITULUALABS

4.1.2 w'ié’déﬁhuumsa_a maummumﬁmmmmmu dofldnau
Measure msawwmmimmmm%uuavu,amwa mm
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4.2 miwﬂam"i’whmm%umﬁﬂﬁwﬁmha61
Hunsveasuinierinruiulusdafivfiesnwuuiaraddunildldndogn
Eniasneg el
4.2.1 Sarudumdadden

aand 31 msTeenuaulumdndiiaen
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4.2.3 Tannudusand1iing

A9 33 N1sIaAuTUluLanT1Ing

Tunsaeuiisumsiaasdilumdafivvesiesiiassduil livhmsaeuiisuiu
\393ALMIFIU Grain Moisture Meter B8 GWON §u GMK-303 Sak1unsnsiadeuLay
ounwlilidmiunmatacanudulundafinfiontsiers andrindsmsta nsunisdn
nelu nsensemdivd

N9 34 nMsinauvuluAensnlgas uiiey

4.3 nan1svaaets InAITBuiBuAUIRSBIRINASEIV
HupsasiiansaanisnnasslaeSeuiigudiidaliainnsesiniiideldeanuuy

waradaty fueSastatauissyiu laevnisneaesindaainiudafiusiedns 3 via

wEndrdden | windaden ot didad s imintuseausing Wnan1saaesiensng
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ASsdl A9ntasiaunsgiu | AeneTesiaiiadng AURANAN
1 20.2% 20.5% +1.48%
2 18.5% 18.2% -1.62%
3 16.3% 16.0% -1.84%
4 14.1% 14.4% +2.12%
5 12.1% 12.6% +4.13%
6 11.4% 11.6% +1.75%
7 10.7% 10.3% -3.73%
8 8.7% 8.8% +1.14%
9 7.1% 7.2% +1.40%
10 5.6% 5.1% -5.35%

m139ft 3 Mavnaasinderudulusdadade,

aSsdl AaniAsainanasgil | Aanieiasdniiadng AUHANAA
1 19.6% 19.8% +1.02
2 17.8% 17.7% -0.56
3 16.2% 16.5% +1.85
4 15.3% 15.1% -1.30
5 14.3% 14.6% +2.09
6 13:5% 13.1% -2.96
7 12.2% 12.5% +2.45
8 11.4% 11.8% +3.50
9 10.8% 10.4% -3.70
10 9.7% 9.3% -4.12




A15197 4 nsneaesinAAuTuluLdadIng

26

ASsdl A9ntasiaunsgiu | Aenesesiaiiadng AURANANA
1 20.0% 19.7% -1.5
2 18.2% 18.1% -0.54
3 17.2% 17.5% +1.74
4 16.3% 16.7% +2.45
5 15.8% 16.0% +1.26
6 14.2% 14.6% +2.81
7 13.3% 13.1% -1.50
8 12.5% 12.3% -1.6
9 11.4% 11.7% +2.63
10 10.7% 10.9% +1.86
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Datasheet SHT1x
Humidity and Temperature Sensor IC

= Fully calibrated

= Digit
= Low
= EXCce
= SMC
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

g 1502 2.0 :01 1.501  sensor opening . 2.5 0.1
8 > - >
o
Y = 8 8
4 NC CNe” < ]
\ | °y 7\
g 1 (¢ J_[ICNC L
wl S E" 7: 4 ;
sl 2| ASZ Wi — >
':r ~ \ 3 - <§(
NN P 1 1 NC e Ny N
B L w SN A
= 4y NC _J
2 Y
Yy -V 1} ¥/
3.30.1 | 2.6 MAX_|
4.93 +0.05 0.8 201 |

Figure 1: Drawing of SHT1x sensor packaging, dimensions in
mm (1mm = 0.03%inch). Sensor label gives “11” for SHT11 as
an example. Contacts are assigned as follows: 1:GND, 2:DATA,
3:SCK, 4:VDD.
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(SHT10, SHT11, SHT15)

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.

SHT1x is 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, A/D
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.

Evaluation 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

Version 5 — December 2011 112



Datasheet SHT1x
Sensor Performance
Relative Humidity
Parameter ’Condition min ’ typ | max | Units
Resolution 04 | 0.05 | 0.05 | %RH
| 8 | 12 12 bit
Accuracy 2 typical +4.5 %RH
SHT10 maximal see Figure 2
Accuracy? |typical £3.0 | %RH
SHT11 maximal see Figure 2
AccuracyZ typical +2.0 ‘ %RH
SHT15 maximal see Figure 2
Repeatability +0.1 %RH
Hysteresis _ e %RH
Non-linearity linearized <<1 %RH
Response time 3 |1 (63%) 8 s
Operating Range | 0 | 100 | %RH
Long term drift4 |normal <05 %RH/yr
+10

8
5 +06 —\ / |
S SHT10
% 14 )
S* \ SHT11 //

£2 - .

SHT15

+ 0 T T T T }

0 10 20 30 40 50 60 70 80 90 100
Relative Humidity (%RH)

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

Electrical and General Items

Parameter Condition | min- | tyb max | Units

Source Voltage 24 _E_73.3 e8| VR
sleep e BN T

Power . i

Consumption 5 1€@sUMNg N Do~ NERE
average 90 pW

Communication |digital 2-wire interface, see ngmu_ni_caltic_)n_ )

Storage 10 - 50°C (0 - 125°C peak), 20 - 60%RH

1 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 tested at Outgoing Quality Control at 25°C (77°F) and 3.3V.
Values exclude hysteresis and are applicable to non-condensing environments
only.

3 Time for reaching 63% of a step function, valid at 25°C and 1 m/s airflow.
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Temperature
Parameter Condition min | typ | max | Units
Resolution * 0.04 | 0.01 | 001 | °C
12 14 | 14 bit
Accuracy 2 typical +0.5 °C
SHT10 maximal see Figure 3
Accuracy 2 typical ‘ 0.4 °C
SHT11 maximal see Figure 3
Accuracy 2 typical ‘ 0.3 °C
SHT15 maximal see Figure 3
Repeatability 0.1 °C
Operating Range 40 11238 °C
-40 2549 | °F
Response Time ¢ |1 (63%) 5 30 s
_L_ong 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
B [ \Tepe&Reel | 2000 | 1-100524-04
s _Tape 8Reel | 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.

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

6 Response time depends on heat capacity of and thermal resistance to
sensor substrate.
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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” to accelerate eliminating the offset. Prolonged
exposure to extreme conditions may accelerate ageing.

~1
S 00 \\
> 80 3 \
° \
g 60 &% Normal \
T ; Range \
g 2 >
2
O T T T T T T

40 200 O 20 40 60 80 100 120
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 IR/Convection reflow ovens.

A

Tp > |=tp

T //:R
Ts (max) / / \

/

Temperature

|
>

«——preheating—> <—critical zone—»

Time

Figure 5: Soldering profile according to JEDEC standard. Tp <=
260°C and tp < 40sec for Pb-free assembly. T.'<.220°C and L <
150sec. Ramp-up/down speeds shall be < 5°C/sec.

For soldering in Vapor Phase Reflow (VPR) ovens the
peak conditions are limited to Tp < 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 = 662°F
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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.

L 2.47
197 !
}4—» b ]1.07 e

@0.60

N

2711271127

147
| km — 138 e

© ©

Figure 6: Rear side electrodes of sensor, view from top side.
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Figure 72 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
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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.

1.4  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 for12h 9,

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 slitinto the PCB around the
sensor (see Figure 8).

\
A

s L.?
g -
=

LN\

Figure 8: Top view of example of mounted SHT1x 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
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Furthermore, there are self-heating effects in case the
measurement frequency is too high. Please refer to
Section 3.3 for detailed information.

16 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 P54 protection (for higher protection — i.e. IP67 -
SF1 must be sealed to the PCB with epoxy). Please
compare Figure 9.

s membrane o-ing
e L housing S
(W shTix ;
JITTIITTIT
$ [ IQ)| ¢
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 materialsare: 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, underfill),
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
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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 NG
GND |Ground 1
DATA |Serial Data, bidirectional 2
SCK |Serial Clock, input only 3

4 | VDD Source Voltage K

NC| NC |Must be left unconnected

Table 1: SHT1x pin assignment, NC remain floating.

21 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 [2C 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
— (@] y
= E =] -
E C’t\)/lntr?ller SCK
E (Master) DD
= ‘ 100nF i
T (Save)
24-55V GND

Figure 10: Typical application circuit, including pull up resistor
Re and decoupling of VDD and GND by a capacitor.
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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 tri-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 Tho
before the rising and after the falling edge of SCK,
respectively — see Figure 11. For reading data from the
sensor, DATA is 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 low. 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 /O circuits of
microcontrollers. See Table 2 for detailed I/O characteristic
of the sensor.

2.4 = 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 055 1 | mA
Supply current average'! 2 28 MA
: sleep N 03 | 15 | pA
Low level output 1 A2 0 250 | mv
voltage
High level output o o
voltage __Rp_ <_2i k(?_ 90% .100/0 VDD
Lowlevelinput ™\ eative going | 0% 20% | VDD
dfage_/ ) T\ _
High level input ¥ . 0 0
voltage Positive going | 80% 100% | VDD
IInpijt_ currenton-pads | 1 MA
lOut ut current on 4_| mA
s Tristated (off) 10| 20 | pA

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

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

1 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.

Tsck

—————————————— "N 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
read time is triggered by falling edge of anterior toggle.

Parameter Conditions | min tymeax Units
VDD>45V| 0 | 01| 5 [MHz
Fsck |SCK Frequency i i —L
VDD<45V | 0 | 01| 1 |MHz
Tsckx [SCK hillow time 100 ns
Tr/Te |SCK rise/fall time 11200 | .* | ns

|
OL= 5pF | 35 10 | 20 s

Tro |DATA fall time %

OL =100pF | 30| 40 | 200-{ ns
Tro |DATA rise time i WL T il
Tv  |DATA valid time 200 | 250+{-***7| “ns
Tsu |DATA setup time 100 | 150-}, ¥*s|=ns
Tvo |DATAholdtme | 10 ] 45 | == Tns

*

Tr.max + Tr_max= (Fsck)" — Tsckn — Tsekt
* Tro is determined by the Rp*Cuus time-constant at DATA line

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

T Thomax < Tv —max (Tro, Tro)

Table 3: SHT1x I/O 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 1V/ms. After power-up the sensor needs 11ms to
get to Sleep State. No commands must be sent before
that time.
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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 SCKis 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.

Command Code

Reserved 0000x
'Measure Te;perature 00011

Measure Relative Humidity 00101

Read Status Register 00111

Write Status Register 00110

Reserved = 0101x-1110x
| Soft reset, resets the interface, clears the 11110

status register to default values. Wait minimum

11 ms before next command

Table 4: SHT1x list of commands
3.3 Measurementof RHand T

After issuing a measurement command (‘00000101 for
relative  humidity, ‘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
internaloscillator and-can be lower by up to 30%. To
signal the completion-of @ measurement, the SHT1x pulls
data line low and ‘enters ldle Mode. The controller must
wait for this DataReady 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 5t SCK is MSB for a 12bit value, for a 8bit result the
first byte is not used).
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Version 5 — December 2011 6/12




Datasheet SHT1x

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.

DATA

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.
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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.

[ TTTT]

210(0|0{0[0|1]|1]0 Status Register é

ACK
Bit 7

Figure 14: Status Register Write

Status Register S

AC
Bit7
Q
=
D
%
z
3
ACK

£210(0{0[0]0[1]11

ACK
Bit 7

Figure 15: Status Register Read

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

[TT] - [TTT]
Wait for X
£10]01(0 Con|an|d DATAreadyOO | |M|SB| | Q
[T TT] [TTTTT]
EnaaIma s I

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

Transmission Start Address = ‘000’ Command = ‘00101’ Measurement
A2 A1 A0 || C4 C2* _C1W [CO [ACK (80ms for 12bit)
SCK
] S lls DATA lne low aft
patA \_ /\ =% Wi O fferimonde \
Idle Bits MSb 12bit Humidity Data LSh | e A e nemisson
13 ACK 7 0 ACK
SCK
wr A\ "R NT e | « ahik G
DATA S 2L PESTD\ )
MSb CRC-8 Checksum LSb Sleep (wait for next Transmission Start
7 6 5 4 3 2 1 0 ACK measurement)

DATA [ 7 |[e][s)fal[sN2f 1 No]

Figure 17: Example RH measurement sequence for value “0000'0100“0011°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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(SOrH) with the following formula with coefficients given in
Table 6:

RHlinear = C1 +CZ |:$ORH +C3 |:SORHZ (%RH)
SOrH ‘ C1 ) ‘ C3
12 bit -2.0468 0.0367 | -1.5955E-6
8 bit -2.0468 0.5872 -4,0845E-4

Datasheet SHT1x
Bit |Type |Description Default
7 reserved 0
End of Battery (low voltage No default value,
6 R 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 notuse | 0 |
2 |RIW |Heater 0 |off
1 |R/W |no reload from OTP | 0 _reload
"1’ = 8bit RH / 12bit Temp.
resolution 12bit RH
0 IRW |y = 12bit RH / 14bit Temp. | © |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 useful in 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 fime by
about 10ms.

4 Conversion of Signal Output

41 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 9 - 18°F

Table 6: Humidity conversion coefficients

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

100%
80%
60% -
40% -
20% -

0% - w \ \ \ \

0 500 1000 1500 2000 2500
SOgy sensor readout (12bit)

Relative Humidity

3000 3500

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.

RH, = (T.c —25)t, +1, (30, ) +RH

true linear

SOrH t } ‘ to
12 bit 001 <= 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.
Use the“following formula to convert digital readout (SOr)
to temperature value, with coefficients given in Table 8:

T =d, +d, (30,

13 If 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 water immersion or condensation.
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VDD | d(°C) | di(°F) | [sOr | d2(°C) | da(°F)
5V | -401 | -402 | |14bit | 001 | 0.018
4 | 398 | -396 | [12bit | 004 | 0072
35V | 397 | 395
V| -396 | -393
25V | -394 | -389

Table 8: Temperature conversion coefficients.

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 SHT1x allows
superb dew point measurements.

For dew point (Tq) 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
" t00% ) T +T
T,RHT)=T O A
RH m [T
m—In -
100% ) T, +T
Temperature Range Tn(°C) m
Above water, 0-50°C 24312 17.62
Aboveice, -40-0°C | 27262 | 2246

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

Please note that “In(...)" denotes the natural fogarithm. 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 intoaccount“that
response times in assemblies may be longer, -hence
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

SENSIRION
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temperature grade 2 test conditions listed in Table 104
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 Results?®
HTSL 125°C, 1000 hours Within
_ specifications
TC -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
Tamp = 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 — see “A5Z” on Figure 1. The lot
numbers  allow - full traceability through production,
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 reels are displayed in Figures 19 and 20,
they both give traceability information.

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

15 According to accuracy and long term drift specification given on Page 2.
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are individually labeled with barcode and human readable
labels.

Datasheet SHT1x
e ™
Lot No.: XX0- NN- YRRRTTTTT
Quantity: RRRR
RoHS: Conpl i ant
Lot No.
A WO

Figure 19: First label on reel: XX = Sensor Type (11 for SHT11),
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

THE SEMNS0OR COMPAMNY

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

- —

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.

6.3  Shipping Package

SHT1x are shipped in 12mm tape at 100pcs, 400pcs and
2000pcs - for details see Figure 21 and Table 11. Reels

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

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).

200£0.05 —» < 21.50 MIN

—> <100

0.30 + 0.05—>V<— 1
( AV

€0F0¢l

| 12,00

<— GO0 F05'G

RO3IMAX |
b Y

»

(0]

]

O o0l 0
7

)
-9 1

2.80 —>‘ L— - R05 TYP
8.20

<
3
=
=
(— [«—0L'0FGLL

i
>
i

B

Figure 21: Tape configuration and unit orientation within tape,
dimensions in mm (1mm = 0.039inch). 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

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 42 2,7 Amended foot note 2, communication diagram updated (Figure 17).

May 2010 43 1-1 Various errors corrected and additional information given (ask for change protocol).
December 2011 5 1,8,9  |Reference to V3 sensors eliminated.
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Datasheet SHT1x

Important Notices

Warning, Personal Injury

Do not use this product as safety or emergency stop devices or in
any other application where failure of the product could result in
personal injury. 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 and/or
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;

SENSIRION

THE SENSOR COMPANY

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

o 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 customer's 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 product.

Copyright® 2011, SENSIRION.
CMOSens® is a trademark of Sensirion

All rights reserved

Headquarters and Subsidiaries

SENSIRION AG
Laubisruetistr. 50
CH-8712 Staefa ZH

Sensirion Inc., USA

phone: - +1 805 409 4900
info_ us@sensirion.com

Switzerland WWw.sensirion.com
phone: +41 44 306 40 00
fax: +41 44 306 40 30
info@sensirion.com
WWW.SEnsirion.com

info@sensirion.co.jp
WWW.SEensirion.co.jp

Sensirion AG (Germany)
phone: +4144 927 11 66
info@sensirion.com
WWW.Sensirion.com

Sensirion Japan'Co--Ltd.
phone: +81 3 3444 4940

Sensirion Korea Co. Ltd.
phone: +823134500313
info@sensirion.co.kr
WWW-SEnsirion.co.kr

Sensirion China Co. Ltd.
phone: +86 755 8252 1501
info@sensirion.com.cn
Www.sensirion.com.cn

To find your local representative, please visit www.sensirion.com/contact
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1. Features

1. 5x8 dots with cursor

2. 16characters *2lines display
3. 4-bit or 8-bit MPU interfaces
4. Built-in controller (ST7066 or equivalent)
5. Display Mode & Backlight Variations

6. ROHS Compliant

OTN
LCD type OFSTN MFSTN Negative

OSTN Yellow Green OSTN Gray OSTN Blue Negative
View direction M6 O’clock 012 O’clock
Rear Polarizer OReflective OTransflective MTransmissive

MLED OEL Olnternal Power M3.3V Input
Backlight Type

OCCFL MExternal Power 5.0V Input

Backlight Color MWhite O Blue O Amber OYellow-Green
Temperature Range | MNormal OWide OSuper Wide
DC to DC circuit OBuild-in MNot Build-in
Touch screen Owith MWithout

Font type

MEnglish-Japanese

OEnglish-Europen

OEnglish-Russian

Cother

2. MECHANICAL SPECIFICATIONS

Module size

80.0mm(L)*36.0mm(W)* Max13.5(H)mm

Viewing area

64.5mm(L)*16.4mm(W)

Character size

3.00mm(L)*5.23mm(W)

Character pitch

3.51mm(L)*5.75mm(W)

Weight

Approx.
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3. Outline dimensi
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4. Absolute maximum ratings

Item Symbol Standard Unit
Power voltage Vop-Vss 0 - 7.0 Vv
Input voltage VN VSS - VDD
Operating temperature range Vop 0 - +50 .
C
Storage temperature range Vst -10 - +60
5. Block diagram
VDD
VSS
VO COM LCD PANEL
- LCD
R/W
a CONTROLLER -
- AND -
DRIVER
LED -
+ | I |
LED— LED BKL
6. Interface pin description
Pin no. Symbol Externgl Function
connection
1 Vss Signal ground for LCM
2 Voo Power supply Power supply for logic for LCM
3 Vo Contrast adjust
4 RS MPU Register select signal
5 R/W MPU Read/write select signal
6 E MPU Operation (data read/write) enable signal
Fourlow order bi-directional three-state data bus lines.
7~10 DB0~DB3 MPU Used for data transfer between the MPU and the LCM.
These four are not used during 4-bit operation.
_ _ Four high order bi-directional three-state data bus lines.
11~14 | DB4~-DB7 e Used for data transfer between the MPU
15 LED+ LED BKL power . | Power supply for BKL
16 LED- supply Power supply for BKL




7. Contrast adjust

VDD

VLCD

LCM v

VSS

1

w — | LCM w

VDD

[m]
O
a
>
VR J
VSS

Voo-Vo: LCD Driving voltage VR: 10k~20k

8. Optical characteristics

01
12:00

T

9:00

6:00
STN type display module (Ta=25°C, VDD=3.3V)
Item Symbol | Condition | Min. Typ. Max. Unit
01 20
_— 02 i 40
Viewing angle 1 C=3 35 deg
D2 35
Contrast ratio Cr - 10 - -
Response time (rise) T - - 200 250 ms
Response time (fall) Tr - - 300 350
9. Electrical characteristics
DC characteristics
Parameter Symbol Conditions Min. Typ. | Max. Unit
Supply voltage for LCD | \/pp-Vo Ta =25°C - 3.0 - V
Input voltage Vb 3.1 3.3 3.5
Supply current oo Ta=25'C, Voo=3.3V - $.5 25 mA
Input leakage current like ; - 1.0 uA
“H” level input voltage ViH 29 - Vob
“L” level input voltage Vi Twice initial value orless 0 - 0.6
“H” level output voltage | \/on LOH=-0.25mA 2.4 - - Vv
“L” level output voltage | VoL LOH=1.6mA 2 - 0.4
Backlight supply voltage | Ve - 3.0
Backlight supply current | I gp Vieo=3.3 V R=250Q 16 mA
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10.Timing Characteristics

Write cycle (Ta=25°C, VDD=3.3V)

Parameter Symbol Test pin Min. Typ. Max. Unit
Enable cycle time tc 500 - -
Enable pulse width tw E 300 - -
Enable rise/fall time tr t - - 25
RS; R/W setup time tsu1 RS: R/W 100 - - ns
FS; R/W address hold o RS: R/W 10 ) )
ime
Read data output delay tsu2 60 - R
Read data hold time th2 DBO~DBA 10 - -
Write mode timing diagram

RS VIH1
’ VIL1
th1
VIL1
tw th1
VIH1 tf
E x:[{; ViL1 ViL1
tr tsu2 th2
DBO=DB7/ \\I/IE VALID DATA \C:l
te
Read cycle (Ta=25°C, VDD=3.3V)

Parameter Symbol Testpin | Min. Typ. Max. Unit
Enable cycle time tc 500 - -
Enable pulse width tw E 300 - -
Enable rise/fall time tr, tr - - 25
RS; R/W setup time tsu RS: R/W 100 - - ns
RS; R/W address hold t RS: RIW 10 " )
time
Read data output delay td 60 - 90
Read data hold time tan QB RET 20 - -
Read mode timing diagram

RS VIH1
VI

tsu th

|
/ VIL1

R/WJVIL1

tw th

tf
VIH1 VIH1
E vn.: VL1 VIL1
I
td tdh

DBO-DB7/

VIH1
VIL1

VIH1
VALID DATA
/ A\VIL1

tc
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11. FUNCTION DESCRIPTION
11.1 System Interface

This chip has all two kinds of interface type with MPU : 4-bit bus and 8-bit bus. 4-bit bus and 8-bit bus is
selected by DL bit in the instruction register.

11.2 Busy Flag (BF)

When BF = “High”, it indicates that the internal operation is being processed. So during this time the next
instruction cannot be accepted. BF can be read, when RS = Low and R/W = High (Read Instruction Operation),
through DB7 port. Before executing the next instruction, be sure that BF is not high.

11.3 Address Counter (AC)

Address Counter (AC) stores DDRAM/CGRAM address, transferred from IR. After writing into (reading from)
DDRAM/CGRAM, AC is automatically increased (decreased) by 1. When RS = “Low” and R/W = “High”, AC
can be read through DB0O — DB6 ports.

11.4 Display Data RAM (DDRAM)
DDRAM stores display data of maximum 80 x 8 bits (80 characters). DDRAM address is set in the address
counter (AC) as a hexadecimal number.

Display position 112|345 |6 [718]9][10] 1M1/12/13|14|15]16
DDRAM address | 00 |01 /02 |03 |04 |05/06 | 07|08 |09 | OA| OB| 0C| OD| OE| OF
DDRAM address | 40 | 41 |42 |43 |44 |45 |46 | 47 |48 |49 | 4A| 4B| 4C| 4D| 4E| 4F

11.5 CGROM (Character Generator ROM)

CGROM has a 5 x 8 dots 204 characters pattern and a 5 x 10 dots 32 characters pattern. CGROM has
204 character patterns of 5 x 8 dots.
11.6 CGRAM (Character Generator RAM)

CGRAM has upto 5 _ 8 dot, 8 characters. By writing font data to CGRAM, user defined characters can be
used.

Character Code CGRAM Character Patterns
(DDRAM Data) Address (CGRAM Data)

[b8 [b7|bE[bE [b4[b2]b2 [b1]bD| b5 [bad [63 b2 [b1 b0 | b7 [b6 [b5 [bad [ b3 [b2 b1 ] b0
0{0{d D400 1111
olofo Dol oloft]ofo
olofo 010 pfof[tio|o
glalo oLt oloft1|o]o

01010100 -eTal YIS S E e e L tedo oo
o-fo|o 1101 gatof[e]o|o
0.0y 0 oA gfloftfo|o
0flelo =1 |1 @g|lo|lofo]o
oo 1 EEBE] T [1]1]0
0,044 D[ 0)|A ' o001
oo EEEE M {oflofol1
ool 011 1|1]1]1]0

010101000 - e A pae et Ll Belo oo
olol1 1] 014 t{oJof1]o
olof1 1]1]0 1jojofo1
oot 1] 1] 1 ololo|0]|oO

Relationship between CGRAM Addresses, Character Codes (DDRAM) and Character patterns (CGRAM Data)

Notes:

1. Character code bits 0 to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 t}/pes).

2. CGRAM address bits 0 to 2 designate the character pattern line position. The 8 " line is the cursor position
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and its display is formed by a logical OR with the cursor. Maintain the 8" line data, corresponding to the cursor
display position, at 0 as the cursor display. If the 8" line data is 1, 1 bit will light up the 8" line regardless of the
cursor presence.

3. Character pattern row positions correspond to CGRAM data bits 0 to 4 (bit 4 being at the left).

4. As shown Table, CGRAM character patterns are selected when character code bits 4 to 7 are all 0. However,
since character code bit 3 has no effect, the R display example above can be selected by either character code
OO0H or 08H.

5. 1 for CGRAM data corresponds to display selection and 0 to non-selection.

“-*: Indicates no effect.

11.7 Cursor/Blink Control Circuit
It controls cursor/blink ON/OFF at cursor position.

11.8 Outline
To overcome the speed difference between the internal clock of ST7066 and the MPU clock, ST7066
performs internal operations by storing control in formations to IR or DR. The internal operation is determined
according to the signal from MPU, composed of read/write and data bus (Refer to Table7).
Instructions can be divided largely into four groups:

1) ST7066 function set instructions (set display methods, set data length, etc.)

2) Address set instructions to internal RAM

3) Data transfer instructions with internal RAM

4) Others
The address of the internal RAM is automatically increased or decreased by 1.

Note: during internal operation, busy flag (DB7) is read “High”.
Busy flag check must be preceded by the next instruction.
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11.9 Instruction Table

Instruction code Execution
Instruction . DB ) .| DB Description time (fosc=
RS | RM | DB’ | DB 5 DB« | DB: | DB: 1 DB 270 KHZ
Clear Write “20H” to DDRA and set
. 0 0 0 0 0 0 0 0 1 | DDRAM address to “00H” from 1.53ms
Display AC
Set DDRAM address to “00H”
Return From AC and return cursor to
H 0 0 0 0 0 0 0 1 - | Its original position if shifted. 1.53ms
ome The contents of DDRAM are
not changed.
Entry mode Assign cursor moving direction
Setl’y 0 0 0 0 0 0 1 1 VD | SH | Ang blinking of entire display 39us
; Set display (D), cursor (C), and
CD)Ile_)Iay OtNI/ 0 0 0 0 0 1 D | C | B | Blinking of cursor (B) on/off
contro Control bit.
c Set cursor moving and display
ursor or Shift control bit, and the
Display shift 0 010710 1| SIC| RiLy - " | Direction, without changing of 39us
DDRAM data.
Set interface data length (DL:
. 8-
FutnCt'on 0 0| 0|1 |DL| N F | - | - |Bitdbit), numbers of display 39us
se Line (N: =2-line/1-line) and,
Display font type (F: 5x11/5x8)
Set Set CGRAM address in
CGRAM 0 0 1 |AC5|AC4 [AC3|AC2|AC1|ACO| address 39us
Address Counter.
Set Set DDRAM address in
DDRAM 0 1 |AC6|AC5|AC4|AC3|AC2|AC1|ACO| address 39us
Address Counter.
Whether during internal
Read busy Operation or not can be known
Flag and 0 BF |AC6|AC5|AC4|AC3 |AC2 |AC1|ACO| By reading BF. The contents of Ous
Address Address counter can also be
read.
Write data Write data into internal RAM
to 1 D7 | D6 | D5 | D4 | D3.{ D2 (D1 | DO | (BORAM/CGRAM). 43us
Address
Read data Read data from internal RAM
From RAM 1 D7 | D6 | D5 | D4 | D3 | D2 | D1 |-DO (DDRAM/CGRAM). 43us
NOTE:

When an MPU program with checking the busy flag (DB7) is made, it must be necessary 1/2fosc is
necessary for executing the next instruction by the falling edge of the “E” signal after the busy flag (DB7) goes

to “Low”.

11.3Contents

1) Clear display
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 0 0 1

Clear all the display data by writing “20H” (space code) to all DDRAM address, and set DDRAM address

to “O0H” into AC (address counter).

Return cursor to the original status, namely, bring the cursor to the left edge on the fist line of the display.
Make the entry mode increment (I/D="High”).

2) Return home
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 0 1 -

Return home is cursor return home instruction.
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Set DDRAM address to “00H” into the address counter.
Return cursor to its original site and return display to its original status, if shifted.
Contents of DDRAM does not change.

3) Entry mode set
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 1 I/D SH

Set the moving direction of cursor and display.

I/ID: increment / decrement of DDRAM address (cursor or blink)
When I/D=*high”, cursor/blink moves to right and DDRAM address is increased by 1.
When I/D=“Low”, cursor/blink moves to left and DDRAM address is increased by 1.
*CGRAM operates the same way as DDRAM, when reading from or writing to CGRAM.

SH: shift of entire display
When DDRAM read (CGRAM read/write) operation or SH="Low”, shifting of entire display is not performed. If
SH =“High” and DDRAM write operation, shift of entire display is performed according to I/D value. (I/D="high”.
shift left, I/D="Low”. Shift right).

4) Display ON/OFF control
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 1 D C B
Control display/cursor/blink ON/OFF 1 bit register.

D: Display ON/OFF control bit
When D="High”, entire display is turned on.
When D="Low”, display is turned off, but display data remains in DDRAM.

C: cursor ON/OFF control bit
When D="High”, cursor is turned on.
When D="Low”, cursor is disappeared in current display, but I/D register preserves its data.

B: Cursor blink ON/OFF control bit
When B=“High”, cursor blink is on, which performs alternately between all the “High” data and display
characters at the cursor position.
When B="Low”, blink is off.

5) Cursor or display shift
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 1 S/IC R/L - -
Shifting of right/left cursor position or display without writing or reading of display data.
This instruction is used to correct or search display data.
During 2-line mode display, cursor moves to the 2nd line after the 40th digit of the-1st line.
Note that display shift is performed simultaneously inall the lines.
When display data is shifted repeatedly, each line is shifted individually.
When display shift is performed, the contents of the address counter are not changed.

Shift patterns according to S/C and R/L bits

S/C R/L Operation
0 0 Shift cursor to the left, AC is decreased by 1
0 1 Shift cursor to the right, AC is increased by 1
1 0 Shift all the display to the left, cursor moves according to the display
1 1 Shift all the display to the right, cursor moves according to the display

6) Function set
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 1 DL N F - -
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DL: Interface data length control bit
When DL="High”, it means 8-bit bus mode with MPU.
When DL="Low”, it means 4-bit bus mode with MPU. Hence, DL is a signal to select 8-bit or 4-bit bus mode.
When 4-but bus mode, it needs to transfer 4-bit data twice.

N: Display line number control bit
When N=“Low”, 1-line display mode is set.
When N="High”, 2-line display mode is set.

F: Display line number control bit
When F=“Low”, 5x8 dots format display mode is set.
When F="High”, 5x11 dots format display mode.

7) Set CGRAM address
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 1 AC5 AC4 AC3 AC2 AC1 ACO

Set CGRAM address to AC.
The instruction makes CGRAM data available from MPU.

8) Set DDRAM address
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 AC6 AC5H AC4 AC3 AC2 AC1 ACO

Set DDRAM address to AC.

This instruction makes DDRAM data available form MPU.

When 1-line display mode (N=LOW), DDRAM address is form “00H” to “4FH”".In 2-line display mode (N=High),
DDRAM address in the 1st line form “O0H” to “27H”, and DDRAM address in the 2nd line is from “40H” to
“67H".

9) Read busy flag & address
RS R/W DBY DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 BF AC6 AC5 AC4 AC3 AC2 AC1 ACO

This instruction shows whether SPLC780D is in internal operation or not.
If the resultant BF is “High”, internal operation is in progress and should wait BF is to be LOW, which by then
the nest instruction can be performed. In this instruction you can also read the value of the address counter.

10) Write data to RAM
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
1 0 D7 D6 D5 D4 D3 D2 D1 DO

Write binary 8-bit data to DDRAM/CGRAM.

The selection of RAM from DDRAM, and CGRAM, is-set by the previous address set instruction (DDRAM
address set, CGRAM address set).

RAM set instruction can also determine the AC direction to RAM.

After write operation. The address is automatically increased/decreased by 1, according to the entry mode.

11) Read data from RAM
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
1 1 D7 D6 D5 D4 D3 D2 D1 DO

Read binary 8-bit data from DDRAM/CGRAM.

The selection of RAM is set by the previous address set instruction. If the address set instruction of RAM
is not performed before this instruction, the data that has been read first is invalid, as the direction of AC is not
yet determined. If RAM data is read several times without RAM address instructions set before, read operation,
the correct RAM data can be obtained from the second. But the first data would be incorrect, as there is no
time margin to transfer RAM data.

In case of DDRAM read operation, cursor shift instruction plays the same role as DDRAM address set
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instruction, it also transfers RAM data to output data register.

After read operation, address counter is automatically increased/decreased by 1 according to the entry
mode.

After CGRAM read operation, display shift may not be executed correctly.

NOTE: In case of RAM write operation, AC is increased/decreased by 1 as in read operation.

At this time, AC indicates next address position, but only the previous data can be read by the read
instruction.
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13. QUALITY SPECIFICATIONS

13.1 Standard of the product appearance test
Manner of appearance test: The inspection should be performed in using 20W x 2 fluorescent lamps.

Distance between LCM and fluorescent lamps should be 100 cm or more. Distance between LCM and

inspector eyes should be 30 cm or more.

Viewing direction for inspection is 45° from vertical against LCM.
Fluorescent I il

Lamps A

lem  LeD | |

100em i,

Definition of zone:

A Zone

B Zone

A Zone: Active display area (minimum viewing area).
B Zone: Non-active display area (outside viewing area).
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13.2 Specification of quality assurance
AQL inspection standard

Sampling method: MIL-STD-105E, Level Il, single sampling

Defect classification (Note: * is not including)

Classify ltem Note | AQL
Major Display state Short or open circuit 1 0.65
LC leakage
Flickering
No display
Wrong viewing direction
Contrast defect (dim, ghost) 2
Back-light 1,8
Non-display Flat cable or pin reverse 10
Wrong or missing component 11
Minor Display Background color deviation 2 1.0
state Black spot and dust 3
Line defect, Scratch 4
Rainbow 5
Chip 6
Pin hole 7
Protruded 12
Polarizer Bubble and foreign material 3
Soldering Poor connection 9
Wire Poor connection 10
TAB Position; Bonding strength 13
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Note on defect classification

No. ltem Criterion
1 Short or open circuit Not allow
LC leakage
Flickering
No display
Wrong viewing direction
Wrong Back-light
2 | Contrast defect Refer to approval sample
Background color
deviation
3 | Point defect, TY Point Acceptable Qty.
Black spot, dust Size
(including Polarizer) $<0.10 Disregard
0.10<¢p<<0.20 3
0.20<$<<0.25 2
¢ = (X+Y)/2 0.25<$=<0.30 1
$>0.30 L. 0
e 1T
4 | Line defect, <
¢ i Line Acceptable Qty.
Scratch M 14 W
L —=_ /0015=>W Disregard
3.0=L | 0.03=W )
20=L | 0.05=W
1.0=L 0.1>W 1
- 0.05<W Applied as point defect
Unit: mm
5 | Rainbow Not'more than.two color changes across the viewing area.
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Criterion

No Item
6 | Chip
Acceptable criterion
R " X Y Z
emark: = 05 =
X: Length =2 omm | SU2
direction
Y: Short
direction
Z: Thickness
direction o
Gl Acceptable criterion
t: ass
thickness X Y Z
<2 0.5mm <t
W: Terminal
Width
Acceptable criterion
X Y Z
<3 <2 <t
shall not reach to ITO
Acceptable criterion
X Y Z
Disregard <0.2 <t
Y Acceptable criterion
X \'4 Z
> <5h <2 <3
Z
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No. ltem Criterion
7 | Segment (1) Pin hole
pattern ] ¢ < 0.10mm is acceptable.
W = Segment width
¢ = (X+Y)/2 X
X Point Si A bl
l 3 oint Size cce.pta e Qty
Y v O<1/4W Disregard
7T Y 1/4W< 9<1/2W 1
L d>1/2W 0
W Unit: mm
8 | Back-light (1) The color of backlight should correspond its
specification.
(2) Not allow flickering
9 | Soldering (1) Not allow heavy dirty and solder ball on PCB.
(The size of dirty refer to point and dust defect)
(2) Over 50% of lead should be solderedon Land.
Lead
M
50% lead
10 | Wire (1) Copper wire should not be rusted
(2) Not allow crack on copper wire connection.
(3) Not allow reversing the position of the flat cable.
(4) Not allow exposed copper wire inside the flat cable.
11* | PCB

(1) Not allow screw rust or damage.

(2) Not allow missing or wrong putting of.component.
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No Item Criterion
12 Protruded
W: Terminal Width \ \ Acceptable criteria:
W; ,E v Y<0.4
SNARN
N N
X
13 TAB iy
1. Position
W
> 1< W1
l < ITO | Wi<1/3W
nl7 T HI<1/3H
Hl1 .= TAB
2 TAB bonding strength test
TAB
P (=F/TAB bonding width) =650gf/cm ,(speed rate: 1 mm/min)
Spcs per SOA (shipment)
14 Total no. of acceptable

Defect

A. Zone

Maximum 2 minor non-conformities per one unit.

Defect distance: each point to be separated-over 10mm
B. Zone

Itis acceptable when' it is no trouble for quality and assembly

in‘customer’s end product.
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13.3 Reliability of LCM

Reliability test condition:

Item Condition Time (hrs) Assessment
High temp. Storage 80°C 48
High temp. Operating 70°C 48
No ab liti
Low temp. Storage -30°C 48 © abnormaties
in functions
Low temp. Operating -20°C 48 and appearance
Humidity 40°C/ 90%RH 48
Temp. Cycle 0°C <= 25°C— J01C 10cycles

(30 min <« 5 min — 30min)

Recovery time should be 24 hours minimum. Moreover, functions, performance and appearance shall be free
from remarkable deterioration within 50,000 hours under ordinary operating and storage conditions room

temperature (20+8°C), normal humidity (below 65% RH), and in the area not exposed to direct sun light.

13.4 Precaution for using LCD/LCM
LCD/LCM is assembled and adjusted with a high degree of precision. Do not attempt to make

any alteration or modification. The followings should be noted.

General Precautions:

1. LCD panel is made of glass. Avoid excessive mechanical shock or applying strong
pressure onto the surface of display area.

2. The polarizer used on the display surface is easily scratched and damaged. Extreme care
should be taken when handling. To clean dust or dirt off the display surface, wipe gently
with cotton, or other soft material soaked with isoproply alcohol, ethyl alcohol or
trichlorotriflorothane, do not use water, ketone or aromatics and never scrub hard.

3. Do not tamper in any way with the tabs on the metal frame.

4. Do not make any modification on.the PCB without consulting AMOTEC

5. When mounting a-LCM, make sure that the PCB is not under any stress such as bending
or twisting. Elastomer contacts are very delicate and missing pixels could result from
slight dislocation of ‘any of the elements.

6. Avoid pressing on the metal bezel, otherwise the elastomer.connector could be deformed

and lose contact, resulting in:missing pixels and alsg €ause rainbow on the display.

7. Be careful not to touch or swallow liquid crystal that might leak from a damaged cell. Any liquid crystal
adheres to skin or clothes, wash it off immediately with soap and water.

Static Electricity Precautions:
1. CMOS LSI is used for the module circuit; therefore operators should be grounded whenever
he/she comes into contact with the module.
2. Do not touch any of the conductive parts such as the LSI pads; the copper leads on the PCB and
the interface terminals with any parts of the human body.
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Do not touch the connection terminals of the display with bare hand; it will cause disconnection or
defective insulation of terminals.

The modules should be kept in anti-static bags or other containers resistant to static for storage.
Only properly grounded soldering irons should be used.

If an electric screwdriver is used, it should be grounded and shielded to prevent sparks.

The normal static prevention measures should be observed for work clothes and working
benches.

Since dry air is inductive to static, a relative humidity of 50-60% is recommended.

No ok

®

Soldering Precautions:

Soldering should be performed only on the I/O terminals.

Use soldering irons with proper grounding and no leakage.

Soldering temperature: 280°C+10°C

Soldering time: 3 to 4 second.

Use eutectic solder with resin flux filling.

If flux is used, the LCD surface should be protected to avoid spattering flux.
Flux residue should be removed.

NoOORWN =

Operation Precautions:

1. The viewing angle can be adjusted by varying the LCD driving voltage Vo.

2. Since applied DC voltage causes electro-chemical reactions, which deteriorate the display, the applied
pulse waveform should be a symmetric waveform such that no DC component remains. Be sure to use
the specified operating voltage.

3. Driving voltage should be kept within specified range; excess voltage will shorten display life.

4. Response time increases with decrease in temperature.

5. Display color may be affected at temperatures above its operational range.

6.Keep the temperature within the specified range usage and storage. Excessive temperature and humidity
could cause polarization degradation, polarizer peel-off or generate bubbles.

7. For long-term storage over 40 - C is required, the relative humidity should be kept below 60%,and avoid

direct sunlight.

Limited Warranty

AMOTEC LCDs and modules are not consumer products, but may be incorporated by AMOTEC s
customers into consumer products or components thereof, - AMOTEC does not warrant that its LCDs and
components are fit for any such particular purpose.

1.

The liability of AMOTEC - is limited to repair or replacement on the terms set forth below.
AMOTEC will not be responsible for any subsequent or consequential events or injury or damage to
any personnel or user including third party personnel and/or user. Unless otherwise agreed in writing
between AMOTEC and the customer, AMOTEC will only replace or repair any of its LCD which is
found defective electrically or visually when inspected in accordance with-AMOTEC general LCD
inspection standard . (Copies available on request)

No warranty can be granted if any of the precautions state in handlingliquid crystal display above
has been disregarded. Broken glass, scratches on polarizer mechanical damages as well as defects that
are caused accelerated environment tests are excluded from warranty.

In returning the LCD/LCM, they must be properly packaged; there.should be detailed description of
the failures or defect.
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