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Special Project Title Automatic Water Controller

Name Mr. Nithi Anukulsampan

Miss, Waranya Thiraputtipong

Department Applied Physics
Program Applied Physics-Science and Industry Instrumentation
Academic Year 2005
Special Project Advisor Assoc.Prof. Wichit Sirichote
ABSTRACT

A device used for supplying water has been designed and built. The device is based on
AVR MEGALS6, 8-bit microcontroller. The firmware was developed with ¢ language. The
operation has three modes i.¢., soil moisture detection mode, timer mode and temperature mode.
The first mode controls the amount of water depending on soil moisture. The second mode uses
preset time interval. The third mode uses air temperature sensing. The applications include home

gardening, farm, and heat ventilation system.



aanssuds=nna

< -:lN o | b 3 4 A o 1 -~
Insenumaniidnivgare 1 1ad0@ insninms TUVTYU FIUHAD LATAINY

o - ) aa
PR IANINYAAara LI udIdssveveunTEnuiiluasege ) w. Aldae

TAMAZUITAT

MY A7 1%

0. 3958 GuRqy
0.43%@ NuAAaN
O

1911 QOS LAB

iHouq ftoannay

¥

s

vd g vo m o Y < Vo
Araindutiamosg i lenalumsdnwas Idiidalanasam
wd P vy ¥ a Yo 1 o
HTI010M0A 1A IR AIMs Timdsau lunis v
»

(] = =] o o ' =1

Wluedradnaasasulnssauiiawsodndsgass i 148708
a o o - a dw

saznevatuayuglnsal iy Inseai idmusafa Tnseaud
¥
18

W o ¥ A A ° ¥

Hiunzahinig lasesdienassmennuazain Tumsly

¥

Hoaliianis

e ¥ o < dy [ ¥ o o
Anaos 1A AnITnuwazznme lunsh i lddude
qa ) 14dwéd

= ¥ o o & § A o
nneuldfiSsnundmsumsinnsecdiouardnsainuazain
Tumslifeqdjians

= Yo o T o
Hrnalindelauazoulanndguuniavaaen

» ] ]
qafeil auzdiaminssnuysvsugayananngniuilianudiomie A 14

»
=

nAfaNT LA

VONITTUVDUNITSAU

1B waz Wy



CRRTILT

UnfiagenIu Ine

UNARIBNTHIDINGY

Aaanssulszne

M3vny
5 0YM519
a1 tiagy

unh 1 Uni

1.1 anuidlumvesInsanuiiery

1.2 Saqilszaad

1.3 vouwalunisdnun

1.4 szeza lumsauuueu

1.5 Hanimanez 145y

unii 2 NguRUasHAnNS

2.1 AU

2.1.1 Mmsfuadau
2.1.2 nihdadu

213 0

2.1.4 Tnssadhavesdu

2.1.5 guHiiveAY

»
2.2 luau

22.1 ¥iiavoni iy

222 s ludy

223 msmﬂ?mmmm‘fuiuﬁu
2.2.4 Field Capacity

22.5 QAALARINNIT

226 AL TR
2.2.7 manasuRvonihlu@y

¥
2.2.8 mupmir 3 ldanals

] Lo

(P )

[ IR e T~ e

12
13
15
17
18
18
19
20
21
21
22
24

24



a0 (AD)

2.3 mshhiuiades
2.3.1 nsidenldns Tihinudedeo
2.4 AuazasTiivesiy
2.4.1 ANHUSATIININITIVVOISIN
2.4.2 n1sqm':1mﬂa°u‘lu%’:usi1qq
2.4.3 osrlsznoufinadems s oy
244 AT lumsih
2.5 mstmuamshiiudfs
2.5.1 Aafumstmuans Wi
252 Aufumstimuans b
2.53 iNﬁ’ﬂs:neuﬁqﬁ'umsﬁmuam:1171{1
1A 3 Fensduiiuaiee
3.1 panliznouveanies
3.1.1 fim'uaﬁﬁ’iﬁmmgu‘luﬁu
3.1.2 Y0 TARYIUNAM
3.1.3 dhuveasumyei agamgil
3.14 "3‘imsnnnmﬁuuT)Jsuﬂmmuqumssmi1
3.2 WHUAAINIMaeea Tdsunsu
UM 4 HANISNARSA
4.1 wamsvAaBsIaMmALIL Ay
4.2 HONINANBIIAAIQUNDL
4.3 wamsnaaed Ivaa lisunsy
wni 5 aqdiasderauonus
5.1 agwanisnanes
5.2 IEMIINISRANN

1IDNA1T 9D

25
25
27
27
29
30
30
30
31
33
38

&

42
42

45

49

51

54



@150 (A0)

MARUIN
ATARUIN N 29TITIUVDITZLILY
aaruan v Tlsunsuniuguizuy
AN 31l lasaan
MARUIN 3 VORWIZYBI MEGA16
AARLIN B FBYANYNSYDY DS1307

\r- | 5
MANUIN R ﬂllﬂﬂ']‘jﬂl‘ﬂﬂ'lu



VWM

MM L1 yaasszozrm lunisiiau
M9 2.1 LEAINITHNIVDAUIS
M1 2.2 uamsauidvesaunalaou lannaan

[ » ¥
M3199 2.3 uaasnusunmih WIS lddmsvausiiaaieg

L4

i 2 d ﬂ' bl ﬂ" 4
AT 24 ureannudnvesyndledy InduiuaziFinanihiisdesnisaanangg
m3mizdgn
» >
AT 2.5 LEHFAIFNINGA (Critical Period) THANUADINITIIUBIRY
¥ ' Ed [
A13°99 2.6 dnuazuasanuidndudavesfun tanuFuninni 11918 use s
A9
= ' 1 e dow W A a S d o
A133h 4.1 Manuandnaniald o aauduludunng s nlesisud

M319N 4.2 50UMBVAT Thermistor AU YUNT YD PT100

g

23

28
33

37
46
49



GRRTTTITR

1 »
3UM L1 uaasszuumssailuls

71 1.2 Spin a Knob for Simple Timed Sprinkler Control

b

b.

51N 1.3 Easy-to-Program Water Timer Schedules Multiple Watering Sessions

h.

;i.‘ll'ﬂ 1.4 Tumn Your Hose Faucet Into an Automatic Sprinkling System
71l
1

- o <y
1 2.1 uanssamliznovuospy

1.5 Control Sprinkler Systcm Via X10 Commands or Over Internet

=1

r ¥
1.6 uaraadmilszneng sandugums hibuuuda Tula

=t
=5

&al

L

o
31N 2.2 nmaamagiaveuraamhs

0.

3

51U 2.3 uaastlviomionsnanoay

I z .
510 2.4 noaITUAY

i

$17 2.5 yaaseynInveIAl
31N 2.6 uaasdaduminIz e e YMIAAY
o ¥ ’
U 2.7 Tassadsdununaeg
< v A & da - o
JUN 2.8 uamsrumdsvesnnuFuAvea Tlsndu lusudieg
o ar  ar o ' =t d’ HaAa o, 1 4
U 2.9 ugraspnuduiussEn hsussRsnmFun AN Tl 1714
5 o [] A 4 o qr Af
309 3.1 wmudamsiaudie 1 fwuere s ian sy
2 3.2 unudsmsmauiie 15dyaauinm
¥ 3.3 Puaaesesiamaungilueims

d o o
3U7 3.4 wuudamsviauaes llsunsy

o o o o v P ow da sl & o
119 4.1 nsmnasmsanuduiusseninmnumasnanunlos itudn iy

1UT 4.2 nsugaennud@muisenigunniiPTI00fUMADCYBIMEGA 16

=9

P @ o d ’ ] ar .
gﬂn 43 ﬂi']ﬂllﬁﬂ\'lﬂ'.]‘lllﬁuwu'ﬁﬂ"liﬂ']uQﬂlﬁﬂlﬁ:ﬁ’ﬂ'ﬂﬂ PT100 N1 Thermistor

k-]
»

31N 4.4 UeIAINS compile Source Code MITLUHUA BN C

710 4.5 nermans nanTalsunsuf compile ndI03LU CHIP

1M 4.6 uamamsas naoUAINgNdBIves Tsunsuh Tnaraauu CHIP udy

P o A ¥
71U 4.7 ugraanisvitanuie naa Tilsunsuaauu CHIP udn
:: ' ns’r o o b
119 4.8 uarmsmauFULAzaUHDIA TR 1A

k-]

3UM 4.9 uamanuIm

10
12
13
15
16
29
34
40
42
42
45
47
50
50
51
51
52
52
53
53



-
UnNn 1
YN
1.1 amnthsnveddnssnuniay

¥ >
ar e Vv ar ’ w  os
1uﬂﬁ]?ﬂuuﬂ'§3mﬂﬁ]ﬂitﬁ']ﬂENﬂ"I'iﬂ'I‘iWW‘I.J'I”V'INGSIJ']U HTSLHHﬂ'jLﬂHUUNQJ’Iﬂ FAIUUNT

AIRUITULAIREN INEAs e lin nudmRapiluetaun

FUA 11 uaasseuumssadiiuls
- y - e ° a4 =
smituaasdiszyunssmi luguninugy lesuyud anlunishilnsenuilisis
-1 :; o c’ £ ar o o ar o _ a c'n! -
manfvzimInuguszyyth S luiliniumessuiruazl finkesdalssAuitunuie
o b4 a 9 =y & o 1]
W 1¥lunisswsanuazalnuaniiumsaadunulumlszneufisnis Fedaeda

a = o’; 1
datlszavngii 1Aun ,

gﬂﬁ].Z Spin a Knob for Simple Timed g‘lfﬁl._? Easy-ta-Program Water Timer

Sprinkler Control Schedufes Multiple Watering Sessions



gﬂ #11.4 Turn Your Hose Faucet Into an gﬂ 1.5 Control Sprinkler System Via X10)

Automatic Sprinkling System Commands or Over Internet

|
o =t o @

» + ] >
vinnmludsdusaihuniesmauqunssahativasitanis Tiaufineiu daium

>

a o o 5 W ¥ A ¥ o o ares @
RAVAUADIVHIAYVOINITAIINATBIAIVYUMIT IMIvner Tudanainisoi

73 ¥ ¥ 8w a =q ¥ ¥ A ¥
szgnd g lanampnan  dmfunszvaumsndng Alsadruniosarvgus iiuny
o Sl s dy
on luiatia 9Tl

Timer

Temperature Sensor . . ~

-

Soil Moistare Probe

Solenoid Value

- Walter. plpe 1|
-
.

Water pipe: .. .| 3 lg

.q; r :‘i Yy n’ ar [-er=y
sUNL6 uamadgutsenomaiosnruguns biunvea huia



J

ar

» ' > » .
131l 1.6 w3eanrugumsTimhuuusaludai sverdodwlsdrdgiiimldns
15} = : 1 | ar = dy = A :
mugums iMsmanhemaumngas fe midalTummuiduludu vie msdualuns
9 : =) e = - L os
dla-lamsii nio msaSungunglvesemalundazJu
o Y o o ] 4 4 o
nannistiszenusmi lsegnaldan ldnainrato v ahandouied waon
P yay S ¥ ww Y a A 4 ° e
azanasanAsImasat A ldneluihunseruinemanyas Tasmsiauvesssunil
o ~ s o - ¥ o
musoszansodwnm lunnia-dananhuazawaadanismauguais 1iitves
bl ] * .
au Buwwda huians Viwesmh ludSuainomauizvesdu biluanwgiomalundas

o ar =

- y: ¥ J ] 9 ar o d’ "
#30 My IHWAIzUUA 1w hszuumsSagungiluoimali1$fursutvedas die
¥

ar Qs » =2 oA o ¥ o ' :p -~ 3 b4
AATTAUNIINIDUIUNIMYUNNUN »31'353‘]J1Jﬂ$ﬂ1ﬂ15‘iﬂﬂ‘lﬂlWPﬂﬂﬁx‘U"lUﬂ’Jnﬁ E)‘Llﬂ'ltli‘u

rsuld

ar <
1.2 Jagilszaan

¥
1. awsoesnuuugaiaanuiuludumazgadegungitueimesiisiold
o < 4 L4 . - o :
2. Annmsinuyes Tsdussd NauazSprinkler inanlszgnalalumsimi
3. INTN0ONHIULNTS MCU o lg lumilssunnmad 199
1 ¥
4. gwnsoadansesmugumsitla-Tmimuudaluli@ls laserded nlsang 14

i 4
Wy gamgd, anvsumeludumzne

1.3 YDA UM SANH

¥ ¥
dnsvvouve lunisanuves lnssoihseunsoutatud g 18dsil

1.3.1 3uNgei)
» » »
- AnvnlSaesnuduludumeosi s muadsua unmsseatduly
=1 & = o o
- #NYININIUYee Isdussa )
=5 ’ : ] ] ¥ .
- ANWITZUUNE IR U 015 19 Sprinkler
1.3.2 @3UUBINIPONIUIIDI
) ¥ 1
- Mmseonuuugaian iy lufuuesyaiaguungiiluemaedishomeideys
r-l’ : Y W o e
funlszuramnlumssaihdullnvuda lnda
. 4 4 \
- M mseenuunnes McU el lunmsiszuranasumie Tinugumsinu

= o o ° W i ] =) o *
yo4 lrnussanamazi I s lud muaasmommnisimesag g



1.3.3 @IHUBININAABLIZUDUDLN

» k
Woeanu e laudusesihiyaannuiutudunazyatasaungi tuemaedie

R} u
¥

q

» »
[l a =Y o o . = ar F=1 o
Nuuazyan1iNIuvesloduesanninazSprinkler lAadnuanfidoanissaiuas
4 = o’ o w =) ' o 4 ¥ 4 ar A
nadouINsuiumssathassniaoan1snie lu uaziimsnodeyaanquinmsiame
[ o' J ]
Wugdeyatunisiamigunia Mavuse
’ . Iy o ar g » 9
1.3.4 8204 Packaging (lumssenuuunazadeyanaadas finms audonts 19

aziinanlsenda azatnaonslden 1dun neenuuuhswisedoudeiienIuny

1 n='| =y 9
WIS BINDUANADS 1



Srorwrwrcz.___rcﬂnnnhv@n: L'TUBLELY

ALksbresravulnLeUnaLet L 9
a4

e

e L

MEURELELRURILKIL 'S

(Surdexoeq)

TLUNBHERNEMBURLLELULY b
o Vo 8

nmcEercczcw_ku.,Shﬁnc:;;nw;mc\@s_ 't

MEUNTE[L] RARIZVITNDONELLBLNANTURER T

MBH{HERLLBE 3
A

BLULG

:wm@xawamcp;;:c@onc:rmcm ‘1

‘Mu

g

Ry

Wy

SLUMMILBELULE 20T R
]

6¥ST L

85T 1

;rw.;m___;unrc:_-rc LiZRAE ¥'1




ﬂ' T prL¥)
1.5 warimn 9z 1451

» >

@ ry A ¥ e o sy wrar o
TumsiTassomiiiiumsesnununiesniuguas ihunude Tuf@daiuglnsl

¥ v ¥ ¥ F 4
uasawsedaIm luntssatihuas Tun1s Wil 1wee Sprinkler examnsonuqumsi viues

¥ g a o 2 v ¥
seuy Teedumunzaw Tavgnsaltaunsodads ldhoazainaems 14



2

=).

N
A A 3
NYBYMNY IV
2.1 A (Soils)

1 ¥
AU (Soils) Ao FansisumanunaguiaTanaguis indeIRavoINIINlS AR TW
nIoRWwBIANIazIsuas Suns uiagraungandnu Taoiiduilszneudsil
= A wr . Y vy N @ 3
- oHuUM3BIAg (Mineral matter) JAUATIMUDIMIAIN nwlurudsisinnsowmiy
.: =] g Y =1 = d = =
Fuanduios lavmani Randuaziund
- BuM3Iing (Organic matter) TAundufinannmsniillougianSeanwdmesmn
w el w o A
Avmndamiuauiulioglszunnss
: ) ¥ L] 1 o = o .
- 3 Tuesazonedrswuegludosssnadiafu (Aggregate) N30DYNIAAY (Particle)
[ A v g =a - = o ' Ted o o ¥
- aima agluniesznhuliafunIoaymady Madulvgiinuildhdy Tdun
Ly o o
Tulgsueondsunazaisvou laoenloa
nasvesansdmlsznovvesfuiimmnzauuimsmizdgn Taovldesfing 45%

» v
BUNSuIAg 5% 111 25% UBTDINIA 25% Aa3Ui 2.1

dumia i ,
arinzam %o, -

o ” o
7Un 2.1 yamisdszneuvesAu



2.1.1 prsMBinau

o ‘ﬂi -~ A o - o rey A . e

au dszneniuvniuisie JediesmsznemilunsAumiion (Clay mineral) 94
a [ ~ 3 o o
wannnusdszaouiiuvunldenlan 18un madaihs aaesesd lud1 1Wudy a1s19h 2.1

¥ d = o ] ] =Y & o ¥ o (=Y =1 ] ] ¥
uaas IMuBImspiavesusozsta  sohbifausauniloumazilszeag  Foglugl

VOIS0

A1319 2.1 UTAIMISHN VB

usa

o o
oaamhi — . + 9w, Uszy (wdoy naadoy Tunman)
ailie)
o
A05A% > N3 W
1o o o P ] o
. NIAU nsw, maneenlye, Usza (Iwdvy wpadon
T —> . + . i
Miie Tusasoy uunthaun)
o o
unalyd > . > ilszq wanFou Tomiveua)

gt 22 namelddtudemsmisveasiadahiaaiiudiuisenovveaiugdy
Ui (Parent rock) terumnann thrssazmomiuewlaeenladluen i
anmithunsaseus  (nsemsuedin 1§1duuu‘fuﬁﬁnaQf_fnﬁmﬁmmzﬁ11J§ﬁ?mﬁ'uu§'
madaihsAegluiin Mi¥Ren 3R unT (Chemical weathering) unnaauiiluiiansiy
(@an1), usAumiiod (Clay mineral), Useylmdoy uamdon wozliuamFoy lugilves

or

:§ ! « L] a o 2y ¥
asazan Futhunssniidiydmivisas Tl



.

by phirin o

i

71 2.2 urmamspiaveanadmhy

v .
s ar =

< ar = = b w2 4 o ¥
AU lﬁuﬂ%ﬂﬂu‘)ﬂﬁﬂuiﬂﬁﬂﬂ]ﬁﬂ 'ﬂﬂ'ﬂﬁl‘u1ﬂ’liTllﬂU'JﬂlENﬂUﬂ\unﬂflﬂllﬂu1ﬂllﬂ
: - sy ar ' ‘;l = & r N o
UITOINIA U1 uaxﬁaﬂ%’m l'i'ﬁ]ﬁl?(lﬂﬂ:ﬂﬂuﬁﬁﬂlﬁﬂ11]']1“7’]14” ﬂﬂﬂlﬁﬂﬁﬁ')uﬂﬁzﬂﬂﬂﬁlﬂ\‘l
& Aaa » = o o 13 a ¥ [ ] ar a ' a 9 or
TG Y FINAY FIINTAD LTV NNYIVON 1‘1’lﬂl‘ﬂ‘uuﬂl“UQﬁzﬂﬂu')ﬁﬂﬂ11llﬂ[l'-l‘l1i]ﬂﬂ‘l]
A aaa d 3 ] - ] a S A o v
IUSIANVSITOND “l'iIﬂﬂ‘ﬁ” (Regolith) 19U HIAESNDUVUAIIIUNG UNATTINATIWITUVN
¥ =3 =) 1] @ ¥ L . T ] "9 - =1 [ r

AANNTUIRA uu’nrswzmu’nuﬂuﬂghumw WNANUINAUNTYH SOUIMHINIUTRTIY
=) T 24 » : 5 da o a o W oa Aaaa Af
Snuduiudisgiunlaenian nansziusudiinnudWymnimsvdaidTavunulan
o b= - o iag w [ o e et
ﬁ'l‘lﬂ‘.iﬂ'ﬁ’lﬂ:luTﬁﬂi]u!mzﬂ’l'i‘l]ﬂ'u‘i"]ﬂ'l.lﬁ?tl’lﬂ’lﬁﬂ'lﬁ%"]i‘l‘ﬁ’lﬂﬂ'lﬁ'l‘i"?lﬁ'lﬂiyﬁ'lﬂ‘iﬂﬁﬂu‘lnﬁ 1'14

=1 ¥ & Ao g o P2y o - = 4 [ oy A aaa -
panariuddiFimesii idusinaoiludy wnueldh fu 74diFie uazfunadey

Ha o 4 e o ' w o ~
uanﬁwamﬂmmznmﬂuazmmﬂ ﬂ\iﬂllﬁﬂ\ﬂuzﬂﬂ 2.3



10

133608

WAILATATINGE

R AbR RS

L-J

n.lﬁﬂniah'

o o dean = 4 o
51 2.3 naasilevenionsnanaau

oo P 1 ey a 1 2] '
auunnfaswilasegaanana  auautaaliznn/dounlosennsmb

»
-1 qAsy

) L) : =1 - o + =
gunpil uozilsuanih mmnf) uvasnquasiaunalszmafBouudasnnn wu ¥ia

! ¥ d o A W Ay oy = ﬂ ¥ 1 u’: 3 " o o
DL (‘El'l‘ilﬂi)ﬁtl‘]ﬂ’m'lﬁjuiEJU'r'IS'E]ﬂLI‘]J) AN TUUAYIAUIZIUUDYS LTHU ‘ll‘ngﬂ‘lJ‘i]i}‘i]U

»
nandfw 5 1J5zns dsil

¥ o 2~

Ed »
L L3 =3 = =y L] o Qr < > L]
1. Taganduiindu Ausziuesna lsiuduSagausuiiadu 1Aun #unu ( Parent rock

Py A o a o ..’.' = 5 ~a { o ar : : o
) BUNILIAGD HIAHUAUAL ‘H%‘ﬂ ‘]fuﬂuﬂxﬂﬂuﬁ!ﬂﬂ'ﬂ’lﬂﬂ'ﬁ“ﬁﬂ’l‘“ﬂﬂu'l Yy BT UNYI Ql'll'ﬂﬂ

T A = T 4 4 ar
HITWMPNIADDUNAIWN VN ANUNIATY

¥
) =3 =
2, il.ﬂ'l‘"t]ﬁﬂ'lﬂ]ﬂ mm%’au Py N9 AiUE 0u LOAA  LAZUIINITNUIT
= ‘ 4 ar o =3 a Qs = ? ) 1 = d
dunadeudusg sl ingAusmiagis 1aNKn taginoABNTZLIMUNSINAAYT 9RR52
L=
HIvM

= oy

a - w o 3 ~ o L] a - = = = ad o
3. a3 ““]ﬂlﬁgﬂﬂjw':ﬂuﬂﬂﬂ1ﬁﬂﬂ§11!ﬂuﬁﬁﬂUUﬂu (S’Juﬂ\ﬁ!auﬂ'ﬂl l!aﬁuuyﬂ)

<3 - 1) A r a oo o da ar ' = ] '
'1]'5 INYUUUIBSTIDTINIG wﬁﬁﬁﬂﬂﬂwﬁuﬂﬁﬁﬂﬂ'ﬁlﬂﬂﬂu ﬁﬂ’mmﬁﬂagrluﬂu VST IVUDUTDHTY



= ' A 9 Q@ ] ¥ w oA - o L 3
UVDITUURZTAIVA D UUWIRE) AN “lﬂﬂ'lll'ﬂu']ﬂﬂﬂu "lﬂﬂ?\"‘lﬂlﬂ3ﬁﬂ31’1ﬂ’|ﬂuﬁ?%¥ﬂﬂ?ﬂlﬂu

< A ar A o lea c’d»J yd'n o == 1 9 o g ] wr
BUNIUIAL) "lixi'ﬂﬂ‘l"iﬂuﬁﬂ‘li_lﬁmilu ﬂ'l‘a'ﬁl'ii‘l"lﬂu‘l.lfldll‘l{}lﬂ AUANADN T TIIAURAIVIFUHNL

¥ ¥
4. giszma anmplionwezsiinaaoauoon Isiu dusgiudumivesduny
ar 3 ] o (_; -y = dv 1 e = g d’ 4.‘_? .d..d' 9
dnumzgiilszmman AuiFanegiin muFunanauluyinuiunan asAunn1asy

o o 0 q ¥ ¥ o &
UHIDMAY IAIATINZT INALIHAUS T

[ 4 3 csl ¥ o di A ' el u’:
5. na1 devsauninuane19e9n e mmmnmanmmu"l‘]Jmswwmﬁuawu

. »
AU

v a A e
N1 2.2 uammmmmumﬂaﬂu'lﬂmunm

« gunpii . dijisnesan » TUAVBIRUNS
. P . . S+ MINITIWLDILHIADYNA
o Usmnannuiu L» HUBIAL -
5 Al
wgpengvoaluduy . Tasaadiivnsdn o MIATHIUAY

- lSinuBunseiagly
au
L+ ANUDANANYYTRIVO
AN

ooy

s 3AUNIDAY

+ AWMLY



12

2.1.2 KIAnAN

fhiving voamsiuiiafu il lAAuAlnomniEuenseiuagnn Aulugi

4 @ w ) o 4 S s a '
dszmamiiier]  wdinvazmwizvenies  5)50nARARILIAIYIFUANS on T

¥ s o . . ¥ o a = o Ao ey S
“HIAAAW" (Soil Horizon) WAAANVONDIANBMEMIIEINAIN wazilsziAgiioimaves
v ¥ »

= e I r @ o A T o' = ¥ e
pihbzmefifadumneunhiniiniull  sabvhmudldauedils exlsifluaungliau

» [l .
Wl luilagiiu aaessuuunishaiiage lums 4@y

- A Ty

UL

- S
UL VI FE
P i
AUFLDTI ATHULTHI
N

©Wutiug

WL Lin

] »
§UN 2.4 umasunu

1] 14 w ¥
nimasulsenoud Ay uondwiugun Sond “YuAn” (Soil horizon) FHALYN

£

» >
=1 o ) <4 ° [N ] ar
FUONITINAURLI 2-3 Taamas H30nuInd 1 was N8 5 1EsoTmunFuALIRBSFUIN
= s oA ' Y : @ o arcy A e ¥
a uozlnsardaveseynindufinansiady venvinsiudannseldquauinoug fuanda
» » »
fusgminAuduinazausuanldsndn  AuunduisninmsWimmouazgnyzdnlee

» » » w
AsEnatil Aunsdmiannaznowivaufurawwull imlgainodimuadevestuau

»
TaglFanymemanunn fal



13

- > » )
- %ule (O Horizon) WhiFuFuvugainidaduilosnmbsznovdwdunieing
. = o :s'r ar o & a = =) :fl ] r
(Organic) W30 8257 Fuiluanizanndad Seildnsanudunsa autulodmIngseny

¥ r | r ¥ «
lumuith dluruimsnuas ez LifiduTelundhdaau tlesnngnlowsaulunus

¥

» ¥ 1 4
» %@ (A Horizon) {HUAUFUUY (Top soil) iTudmdiihduriug Autuodu vy
[ 3 ] =) o Qe -:;r d 3 Py a Yo A W Aj!v ::;
UsznavAlsruusuardunSoiagidesaaeauyssiudiogale nliauiiddy  TuRud
» )
nyasnssuAuTMeIzgn lowsy  dislinsdovamsvessinisuazinsazaudunsoing

TaodndTnssadavesduazilunuudounay uadiauiinseasatuudy Tassadevesaul

& ,
TULB?ZL{'UILUUHNH

:; = . ::: = l . :; = 9 9 o
» YU (B Horizon) :ﬂufﬁuﬂuma (subsoil) Luﬂﬂuunﬂﬂiaﬁﬁmﬂmmunaumauu

* »
ﬁ?ﬂuﬂﬁﬂﬁﬂ tﬂﬂﬂ1ﬂﬂ1§‘5$51ﬁ“'§ﬁ1ﬁ]ﬂ’lﬂ‘] UBDIT1TOSDI0A NN mﬁaummusﬁ’um a3y

¥
A o

» o » 1
azaulusnd luwegiomasu aulusuiiduingeziifihaaluies desvnmsazay

LY = o
drveunonesn lua

+ ¥u¥ (C Horizon) AATINMIHAIVOIHUNUTAAY (Parent rock) Bifimsanazneu
vosderaAusInmsvede uaz lilimsazavvesdunioiag

-

o ¥ »
. Y1813 (R Horizon) 1Wusuv0in0auiinfay 130 AN (Bedrock)

T

2.1.3 nieAu (Soil Texture)

4 - o & L= (Y3 Y1 oo ] e
iWipAY nuwha esrlsznouFinunmuesiy mezdunalain Auludozaaii
» ¥ H
anyuzuana 19ty 11B991NANYSZNEUIUNINTBIBYNIARZNBUNAIL T VUIA BYNIAN NG
NafeayN1ANG 1Y (Sand) BYMIAVIIATESALINAD aymanseuils (S uaseymani

4 e = = o a
YUIRANAYAAD OYMAAMTILD (Clay) A3U# 2.5

{ﬂtiﬂﬁ}ﬂl“1ﬁlﬁu\lﬁﬂ WmAR)

o

naw2-0.02mm, w5t 0.02 - 0.002mm, Suuaiton <0.002mm

71N 2.5 HaAIDMINYeIAY



b3 »
Aulinaioyila WU Aunie Ausiu Aumtiol TusRUVUIABYNIAYDIAENO AN
> 1

muiludn orfimu Aunsolinlonny Wesnntszneudis eymavialug Wy Wansw

& A [ 2 = ] W : = 1 1 =3 =y F=1 = g P 4'
yallnaluy  Sadiveainldihduriivoossinsa  Aumiivalidleazideauin  Hinan

¥ o ] 124 : 1 [ W : - 1 v o 1 PN

dsznoumweymavwiaaninn 3¢ lulivhsesinimbsudmn  dwausuiidunaniy
\ ] v ot ~ 1 ¥
aymaviathunmasu nswouth Wudming Jailammmnzaunlumsdgnfadning

A : = 1 ] o = =] [ d’ iy
U3 mﬂuwnmu'lﬁ"luﬁ'mzﬁwumu'lﬂmms NUNUAIIUTU 1ﬂﬂ

wr Ao L) =) £ or ' = q’
uﬂﬂgmmmmﬂuaamﬂu 12 BUA iﬂﬂﬂ'lﬁﬂﬂ‘H'IHﬂﬂ”auﬂ'lﬁﬂﬁ:i]'lﬂﬁ‘léﬂ'lﬂ“llﬁﬁﬂuﬂ'lﬂgﬂﬂ

2.6 1%

« aunawsu Usznoudin eymansio 80%, eymansioutls 10%, eynindu

Wile7 10%

+ aus Usznaudan oynanse 40%, oymansiouil 40%, eymadwmiinn

20%

. Aumiien Ysznoudio aymansio 20%, aymansionth 20%, symadumiiod

60%

o - ] Y 9 =5 sy = ] Uly "
nsSmunduro i nd latwamniavedulszanaeg T anvansaly

o 2 4 ’ o ¥ & N 3 o
ATINAAUUT HBEHTINIUNAHIIINUANNIDU “]Nfﬂﬂﬂﬁﬂ‘uflﬂl%ﬂﬁziﬂ‘ﬁuiuﬂ’lﬂmyﬂﬁﬂ'i51]

o 8
HazIdINITU lﬂuﬁu



itk

160} 3t LY “h 0 Sy Ely] in 4 o

_‘— e e . a- [ 7_.,.1,.,-1..: h e e ———
AVNTID (240)

JUR 2.6 uaaedad INIINTZ WA IYEIOUNINAY

2.1.4 1a593198% (Soil Structure)

Tassadedn  wweds  ginmesniauaznissssdaveseymafuavesdudly
d a Y e o d o » o oA r ar : 4 » & 1
luﬂﬁuiu'ﬂu‘lﬂﬂﬂu lllﬂﬂullﬂﬂz‘ﬂuﬂuﬂ')'llll!ﬂﬂﬁ1ﬂﬂuﬂ‘391uﬂlﬂ1ﬂllﬂ$§ﬂ'j'N "Hﬂllllﬂﬂﬂﬂ!.ﬂu

-}
7 ¥UARND

[} o o oA =]
1. vuufeunay (Granular) fizUsadionsinay daaulivinadndszuim 1 - 10

> L d L
tiatwes Fwulududn A Tsinivueguin edulinnuwgwnn Sassmniuazend

A

4 e ¥ ] g & -
2. yyufBMnAEY (Blocky) Ujisnadiondes Waaulvuimlseninm 1-5 tyufigs

3 W
dnmuludusu B Imsnszawvoeminiriiunans 11 uaz omadusu1a



16

] » =y o 3 o : s
3. WUUUHY (Platy) ﬂauﬂmmummﬂuumﬂu uaz%’aumﬁauﬂmﬂuﬁnmmmﬂ

] : = ’ @ =) 3 P 2 o : i
TINHY uTltﬁ:ﬂ1ﬂ1ﬂ‘FNH1u1ﬁmﬂ umi'luﬂuw A 'ﬂQﬂ‘]J‘]JE]ﬁ"ll'?ﬂﬂTi‘IJﬂLlﬂ‘lJEN!ﬂ?ﬁNi]ﬂ'jﬂﬂ

NINHAG

4. UYVUNIHNHBADN (Prismatic) NouAuuAazdoulRIMI LIRS0 My
¥ ar d‘ 3 < A 9 3 o1 g a ] [ Y- | r
s amasuaansay denauianyazon v daupuvesdmoumaingdgilsis

a4 @ e o ur o n’: z;,
HDH IWAAaUNIUTE 1 - 10 I¥URIIIAT Nﬂwuﬁluﬂu‘ﬁu B muazmmﬂﬁuqﬁ’ﬂmﬂma

ar = o oar 14 = o 1 o = (]
5. NVVUNATINY (Columnar) imsiudndundsdunuuunsiumaon uaaum
L= g4 A A = o =
yotlmumislidnpaznayuy Unagudaende Waaulivuia 1 - 10 wusmes Swuluay

» 1 4
1 B nazina lunwandands thuazenmasusiu ldios uaslimsazauves @y

= . =Y Ay = - CVI-N ar 9 ]
6. nm‘uﬁ'au‘n*u { Massive) ﬁ‘]uﬁumaazmuauamﬁﬂnm‘f]uﬂﬂu°lmg yumlseuIn

= Py ' o ad 4 o y:’ -4 ] W
30 LFURAUAT ﬁu'lmmﬂmri(]um'i'l Wﬂﬂwu1ttaza1ﬂ1ﬁ°ﬂuﬂ1u'1ﬂtnﬂ

. 14 ar & or o ar =
7. !l‘U‘UE’IHﬂ]ﬂIﬁU'] (Single Grained) 'luumsﬁﬂmmﬂnuﬁ‘]uﬂau Uy luann v

4 2 5 P
FIHNASOIN I HUNIY 1ﬂ A

‘ .‘ - v
HUVNOUNEN HYDROHIHRUN

PNV AN REH TN 3T I3 ML TRt

a
HUUD UM IAALN

s 2.7 Tnsaas wAnuang



. w ’s’l’ .
Ef'luﬂﬂﬂﬁljﬂﬂﬂ'ld HWIzaoUINAIAIANIZVY

2.1.5 Qmﬂgﬁﬁlmau (Soil Temperature)

=Y =S

aungliauiumnidmistessduanuienvesiu aungilvesanazmuin g
r ¥
] AN ¥ o 5 o g 1 o w = o
Wiosnniuay Idsumdsnuanudeunnaueinduazizaosn Buamdninalanifiaddy
yauR 1tud)
ANVEAYVLIBUNIAY
o3y ar d’ o o r A ¥ C!‘ E; o =¥
gumgiauihiildoidvgeinmilsiunsniuaunssiunsme Nifoadp It M IaT ey
= =3 ’ = o o’ 4 L - | J
woTavesisunzanuinssuEng vessdunitau iesngumpiiauing lnvasenofis
d‘; L] = L : 2 =y oy d. P=] ¥ g
NIUBYUNAY ANTUBNTHOVEWRUNUAUT MU AUz linadoRIHauTEMIA 0 fio
o 9 3 A I o e @ 2 a a Ly ¥
L MdsinuazdunmesaanTalda Taomwieminasiivemsia dmiumadoy
a'o W ' - § ¥ o — L] 3 o
Taofinld udivngamgiiimnzauremswsydavlavesirizegszndg 15 - 40 °C uaz
o A as °
gavguvimunzauigalinnlszanm 30°C
0 Q¥ o a4 A o - wo A d A oo '
2. mldwdansndgn 1 luduwiusenldif i Taswaavesdsuavilnezsraves

ad = 1w
guugINmMuzauinanaaiull

° L] = e = ] b =) 1 M o oo = L] - ..’,'
3. Mldyaunidauilsznoufiensineien 148 dewaIdbunidiaghnauegluamiv
o o -3 o ' ) oy = i

aawdl 145 Taowar ludwosweswungiingdunssauannsatszneufanssuiiy
d 1 t ' e P i 3 a
Uszlomi Aoy 920055MIN 0-40°C wazgunglinmnzaungaiinnlssunm 25-30°C
' e L1 ¥ o ¥ o = b 4 - =
usthgungii linzmudrovh Midasuudonoldun Taoawzsindyluau

= ° 3 @ = o ) ﬂ 11 Hlyy 13’w :
vzlnai Idnsiinuvessiniangayz Snnsedln ld lagn midsasmsaainezsg
- = : ] = .:ﬁ’ 1 n’ I | 1 A' =] &
IMIIHYaAnd 1Suaihuazussnemshneziu lindedosduivuasawdug danas ¥
- = o @ - = 5 b
veunanszny hldmsnsyAn Tavesdunsdn  MidAunsionsimaesydv laduos 14
' o= o= o = o 3 .
Framweamsiig@n Iavn Tunsaingangiigunng ensehldsinisan 14 venuini
¥ ¥ v
udagamgin lumuganddinansenudemssziaves lsaRsianeasauazmedon e
a o & TR S ¥ ' ¥ 4 o
iR lnvosns luadiidin nudmiuae Tsmiovas M13sznveIASANSNITTULSS
4 a e 4 - = W
wntunas ludndaiiuunasazaulsansnaosiady
thdunilnansznunegamaian
o . - w o A a a = o W
. WANIUTWAA (Solar Radiation) NANNsENUALHINUAY mindunneziildau

»
VI ligurnigann

<4 - F=] . [} 9 = o
2. dv3IAU (Soil color) ﬁlznﬂ'ﬂﬂE]ﬂ’l‘.iﬁﬂﬂﬁuuﬁzﬂ’lﬁuﬂ‘iﬁﬂﬂﬁ'llﬁE]u‘llﬂﬂﬂu AuUNug

1) r
admIeddnzaanduuazukssianuiouldannauniidna

62300



18

» » o
3. U TUAY (Soil moisture) 9= UHARBNTIS DUTUHS DLHUAIVDINUAY
4. JagnilnaquAusy (Mulching materials) Jagnaauausissisnaauazaziou
~a 3o ar r:ly ¥ @ o b ] < o 3 o P
HEIDMAd 1A 1Ty uennniuditanimudion lan1eiudan Aniugumnl Tuanenilag

=

1 » »
vosruhiiiagunnauesiiiumilaisuediuriiavesiannanuauiiu

1.4 . =] [=) ¥ :;g o m ] o o .:;
5. WA (Vegetation) Awynssuriindeg Mudnaguitdusgezvmimnoungy
v ¥
guvgiidn  lastawaninmundinunnuiouvewasoiadfiznsenuiuinulddeoas
»
a g o = o os ] o = Sy '
uoz  flosfumsazioundvresnnuiounindidn  duly  Sevaoi Ifgumpiau

nJasulasuinin

2.2 vivhuiin (Soil Water)
W oA o w o =Y - cfeq = :a o 4 90 ] -y -
hdvhidvglumsnsganlavesnsnte YSnanhlu@ugezdesegludsuun
a -~ o y: < = 9 ) o A
wormuz lumnuSedeoiulyl  uwazmslithlulSnaivemingvzdsmsuyiievesaui
> » »
gnimiu mizdusaazialnuauians ihmuana iy uenvinildsdemsiudnyay
4 o s q = 4 4 awd o doqows a 5 .
nsnasuNnveni lumu ez I g lulsnaim daulinnuiunemanzfums

] ¥
mzlganyavABIns

=y : g
2.2.1 wilawenihluan
I} ar g = o 3 = 1 ] _a ] J & W ar :
asBuadvsaniadui Idifareshailivnauazains e Yuieau 85
: [+ A - 9 ] [ ] [ cs’ a oo g = 9 = = ]
inezadouid llegluseanamar HAZIMEARNUIIARAUAIIUTIDAMTLITEN IS
» ] »
Tuanavenil (Adhesive Force) umzusstamiluaszvinaluanavenianfiu (Cohesive
A ~ ’ s - : v o v ' i o ;
Force) #9370150071 U599A%Y (Capillary Force) fniudnlagimuynyodize audnumeil
=y - : : a ] [ ] : ﬂ = aa f ¥ ¥
Fondn Aud (Saturated) HazineglusesnnivazilulSnargaganfunmen1ila &
» [ ] ) » »
raa o a o J =3 =1 1 o ’ o
Tifinsamousnnnsziniie: Inansnsinuderas e itamiisiszninthaniume

L ] ¥ » »
iaeAuioonhipannusiiigaves laninnssinim naludnuueiGonn \GGPE

1
=

v ] »
) 1 = ] = = I o
(Gravitational Water W30 Free Water) Inolusosiaitesnaluaussvamiorsznnainoy

&

] 1 ] w g4 = Y 3 ] 1 e o A a 'Vlww : : =
aTanaNITH e NAulaAuIsiogAa N lugssnaRdnnaan wedululdsinn vifey
) » »
Tugeainvnalngvzsyuweenlavldine 2 - 3 fu Tuduilimszinmiladihnassesgn
voood o s A = y 4 3 ¢ i da
szuwesn luvuaneuisnususs wasRvuazsziomd nounuil - dausihluresnenll
4 & ) 9 - 1 A - 19 @ o’ P ]
yinaanda bignszinvesnaloussisgalan smeziinnndsunegalousgady wimegly

L] ' oo o avd 3 : o . 4 r=) : Y 4 v : =
FDIIINUULIAUANILTUNTT 1Y (Capillary Water) “N*iwl}ﬂ’l‘jlﬂﬁﬂuﬂ‘]ﬂlnﬂ TINNUWTIS



19

= o ¥ A 3 v A ar \ = : =
unWhunirmalanld  Tasemndoui hilgyefifiusegadnnfigamuenisgaduininia
- < ¥ o I g e 4 4 Ja 0o v A4
au unznnimagae 1 Fvhbisrmiuluduasnsuiseanis dahluduss lundous
= 1 o o4 = o ' o
BN NI IZTWSINYAIN L TOU IWBAAUZYINIUNTZNIRY Iannsoiin 1115 1A

o et 4 o y 4  dyww - a o

ihiiamesouwandu oz liannsomdeunlddousidagaves Tannsusegadu
¥ > |
31 1556071 14U (Hygroscopic Water)

:‘ a = W ar = :’ o 3 ns

iRy IR uMsTalsymunigafe 1Bz (Free Water) 1ag1itd (Capillary

> ¥
Water) U0 (Hygroscopic Water) Wartd 1 o) 19 1@t e hissetinnudhdgminin

3q a
2.2.2 anuyuluau
& = o & 34 v ; ' & f
anwdu v leiwmiehnswegnieraulviuegluas amsmieiagang
I r [} aw = :J d. ) 140 GF =
Aty anudnluoima winets  levhduegluenmaweulziusgiuma  use
-1 ¥ Wwda o Ha @ P R
AnuFUvDIAY InAvtATeg udu T 459
¥ A afaa .;w|:1 a_ o [ - T-) oy 03 tw o A
Tumuvesdadl®in arwFuivihimwdidgae¥ianndialuTomiudwuadainse

o
»

- S 4 M M W fEa @ o 9 - ‘ﬂ' A g o e
ArFuMTudeRyn Tadainliodtzadududon anvduazitiuannlizneuindidnesia
P o L aaa sy 9 [] ) ; A doas o o
TaoioghuwadvesdallzianIinnmisuianaany anuiuluddiFistinasuii

o ot =] . 3 ) @ :
AMSVVIUMSINAIUDAFY (Metabolism) Sufludmiuwnunmsvols msmmiviezms
o o .; A o Yan A 1 or
dunsiziuds anusuiinah igiatinnuistlinsedunszimg
A; - = £=Y : u’ d‘nl. L] = 0’: t!' » oy ] c‘ ¥
amuduludu  wedalSunanhues lehliegluduisnjueymedusguazfiey
FTHINFDITIIVBIOYMAAY (Soil pore)
-; - = L) 11.3 ) = 0’: 3 4; g < ﬂ
anusuvsIAuziing InvassnoRsnvusguuamiy Aalmsizanuduludusniu
’ .’ (= r a:i-g » = 3 01 y‘hliﬁ dv = )
unanhurauRuvesArivuey luduinszmnsogauash 11 lanazanuiuluiveei
;Y] [ .::: Ads d'l ] b J
Ha laomasoudodallainous) Tulanuazdsanmiaoe
o 9 4' = d'd \J
I RRVe IR NUTUINAUNINEABN I SINYAS
»
1. 9AIAUMITTINOUIVEIAY
»
o < ¥
2. zmugumsszmnbvnduisuosaunugunginioTuiuns

AILAUNISUNINIZIIUUDSNITHTITINVOIAY

= n' ¥
anpuds i ludue

> oW

.; o o " - | -
. ﬂ']111‘]11111!ﬂ‘ui]'l!.‘ﬂUﬂE]ﬂ']ﬁﬂﬂﬂ"uﬂﬁ!.llﬁﬂ'ﬂ‘lﬂuﬂu

Lh

a’ = o o A bl o r o
6. ansutuausziludvhazamaemsmilulsz TenineRy

7. $whisunidiagluauninilesisa



20

H =y ' ¥ ¥ -y ] o = -y =y =y
8. AnuFuvasRuzt I e mnadeuvesiumzREM s A Tavsagaumi o ludu

2.2.3 mswilBumanurulunu
» ¥
MsnISnunNuFLIDIAUDIINTEI TAHa B T NIN AT AN I9B B
1. NIATI
= d’l - F) g =] Y ] a A ar = :'ly
nswnlsuuanuruaylaarzii 1 lesmainud g aunszaun AN N DINS
3 o ar 1 A o o - : L) Ed Py v o
nansylunszilennudmededsldileiiagda  Tambmunauszdesludeenit 100 sy
¥ a 5 . 4 a - -
a1ﬂuuumuuwmazﬂuuﬁﬁunﬂwauQmHQU 105 — 110 saresatEod Wunalszui 24
3 '] . ¥
F1 TIN5 DTUN AN INIDINY LANTINFIHEIDINNISOUDANSTS
d o : Lo »
1.1 nlefiEunlauimiin (Percentage by weight)
o o o d? : o =Y ar P = :f ar ; -y a' -
nlasiuannudu Tavtiminvssawtudnaviuaastainminuesn Nusureaullofn

o o o : Y -y - o 9 =Y i 1Y ]
Lﬂmﬂaswuﬁmmmﬁuﬂmaoﬂumaﬂmmaﬂuwmmmmmm‘m"lﬁmnﬁums {12

Py, = (M, /Mg)100

w

3 ¢ d o F— o -
e P, fonledirua lamhmtinvesihludu (%)

» o
L]

M, Ao dninvestiluau (nsu)

5

»
o o B

s Ao tminvesAuiindsaiin (3)

»

M

1.2 nfodiFunlamBings (Percentage by volume)
» ¥ L4 L
lﬂﬂgléuﬁﬂ'ﬂﬂ%uIﬂﬂﬂ?lﬂﬁﬁ‘llﬂﬁﬁu “HﬂJ'lUﬁQ 1_]'51]']’Flﬁ‘llﬂﬁﬂ']uﬂlij‘llﬂ'ﬂi]%U“Uﬂﬂﬂu!ﬁﬂﬂﬂ

¥
= o = e o
lﬂulﬂﬂ{l‘iuﬁiﬂﬂﬂi VR TNIHURUVDIAUTIUNT ﬂmuamm"lﬂil'm TUNS ﬁﬂ

P, = (V,/V,)100

v

uie P, = (P,D)/D,

4 ¢ d o : = =
s P, fe weiiruaveniluau lanlsmas (%)
4 = : o o -y
v, fe 1wmesvesihluau @ouianasudings)
»
=y a o o =
v, Ao USasvesauianua (@nunaneuagg)
’ - a o o
D, 9 AMUMLILUMSINYEIAU (N / gMNANIEUAINAS)
»
» a s o =
D, A8 ALY (NTU/ QRINANIAILAS)



[x®]

2. madou
e [ 9 dy aacd w LY d‘ -~
133 laemedouiihuitnsialavordonIesile
LY =] A = ¥ =] 4’ ' a : ~
21 wudausanaanuruvesdu laoliusmennusueglunzangadininussy
¥ Ag' =1 =Y dwd 1 A o =5 Aﬁv <
aglunsznhizwiy  (Porous cup) SBaliorlialitund  nTpatAussRnIuIIVBIAY
{ Tensiometer)
U W & ¥ L]
22 wwwingaiAmsInihvesiognu (Porous media) Fsnudueglunig

[

augaduduysomsou  geiduiled  guauiane Wdwmdaduniuanudiumu

-_ 5

» ¥ b 1
AaiudedesilinTesdodannudumulszneudin glnseivauaswiy Fonin inFesda
»
AUFUAW AN (Electrical Resistance Instruments) @au@a3aaniu 5oni deuniy
é : : 1
AN (Resistance Block) Fa1)sznauaie 12 1dvh 2 Sadwmisdudinpnlaisees luseu
o
n3e lhweinma
2.3 WUUIAMINTZNIBVIHINIOU (Neutron Scattering) N snuIUAMWTIT daoon
¥ ) o - o a4 A ¥ o P '
Tudraziounduin theseufidieen iensznudnnu lalasisuesasuveniisegiu
.; = 0 Y d o o » w dw o =4 ﬂ
slvesnnusulvay e ldanudesimseunasfeunduniomsodauazimouitly

A a ww A m o @ A A ¥ = .
ﬂ')‘]ﬂ“h’u&luﬂu.lﬂ WSOIUDLVUL 15680 IATOIIAANUTUAIIUIATION (Neutron Moisture

meter)

2.2.4 Field Capacity

| 4 »

Field Capacity Ao ﬂ?mmmm%uiuﬂuHmmﬂﬁmﬂszgnszmuaanmn&taﬂn

] =Y o‘a .:i ; o = 15 9 : < -~ ]
ﬂmmiﬁﬂﬂuﬁ'u*iluﬂﬁz‘nﬁfn'jl.‘lJﬁU‘Llslﬂﬁ»ﬁﬂ’]'lll‘lﬂﬂilﬂlﬂﬂﬂ‘\lllﬂﬂmﬂﬂ Mﬂ:mm‘r‘iaaﬂgh

Aulimswndoundiun

4 4 oA o a ww A a wna 4 4
f1UHUN Field Capacity um;ﬂummmmmuﬂu'lu‘lﬂ sieannlugudainismdoun

: ar 1 4’ = =} c= W o3 QA &Y [ 4’
vouthmuagnaawanuiu luAuszumsidanunlastion 1umaﬂg1mnm1mm$u

o B ar 4 N: i d ot o el : wq'ﬂ -!I, a
’Hﬁ»ﬂ'ﬂ'lﬂ‘ﬂ!-lﬂﬂﬂﬂﬂﬂ Hﬁﬂﬂq¢ﬂﬁu1km') 2 -3 1U9Uﬂuﬂ’l‘i'i$‘lﬂﬂ1ﬂvlﬂﬂt HANUSUHN

Field Capaeity

2.2.5 QAUHEANINI TS

i 4 4 A bl Qt
YA IN173 (Permanent Witting Point) Ain gaimauduluauiifsinaluszay

o e . ke ¥ o @ 4 H4 A oA - '
‘ﬂ‘ﬂ“ﬂvlllﬁ'l'ﬂ'l'iﬂﬂﬂuTU’l‘ImﬁlﬁUQﬁ'ﬂﬂ‘l]fn'iﬂ‘]ﬂu11La3“‘]ﬁ'5ﬂuﬂ1ﬂﬁUjﬁnﬂﬂ"l\'lﬂ']'.]'j



22

A Ao = . ° o o > :
AFNUMSHOURIB09013 Huwne onimsnistoaunin 3 udseniionnismiy
e 5 a+ o i 2 - =1 = : ¥ - 1.4
uazlaNuFuduinsemmlszing 100 % FeRvsziimsgadoinioouin wielifin
F=1 3 - n’: @ 1 n;
gapduaond My Iues Tuaaiu

»
=) =y

e o 4 o : , ,
oInuHrIR oo miaiu lAvaionis neuszdaaifimivimiedands @
" » *

ABNNAITUNNDINIAT BUTA AUFUVIDINIAAT ausd uazRwl lundednyasvese g
P | o 3 ¥ a a 4 A w o
nazdrinanil i ldRsinsgadoihlaomsmonheenmelumnuaziiiodas Mnvga
: o 9 v A N o - Y q’: = P=1 .; ¥ o 1
mauesnmueannitly WeheMoun il waniisuazianugusguinda e

- < - -4 a =] @1 = PR M
HIBDINFIUAIRTNVE R UAIRY iy 18 e msiienmivesis luhezdlumsifioun
' & e 4 & & o o 4 & = i
DUIONIINI BFIITOLHTIIIUITAUBYAUBRIINIG 1HTNIVDINY ADINAOUAZNITLANTEIWVDI
-~ = dy =S (=) 1:; o : =] N 9
519 USurunnudu luauanoasunnueiisnvosaunaznui I 1Ay 1414
o - - = - - ¥ o w o A dnw
nasnnfinnuduluauanassudagaisuninsuds Nsdeersezdiganuiuild
::Iy ) a‘ o W 4 = = 5 v ’ .:l’ - | ¥ nr o] r
thimnmenagdh idnsnigRaulaty  udszmunionasdusdansldegde 1 1denye
3 v é T ¥ as : ﬂ'u = d.'d lo’ c!' - lA:!' = r t;‘ q. .
fuq Frnilssunne 1@y Aunlinasindemasegii 150071 ANUFUR Ultimate
» )
Wilting Point AuduluAUNIAYAIOURI012589 Ultimate Wilting Point 130031 Wilting

& 4 A4 & A S a4 o A Sy A -
Range msﬂummwwwmsummnmmn‘lumquﬁ wm::mmU'ijﬁmﬁumammwiu

AU Ultimate Wilting Point

2.2.6 anutunnri Wiv1a (Available Moisture)
: A!’ = ::d o PR o = Py of : o A (]
lugdvesnusuludunieni 1§ 1ddmivmasigidulanfe  idy oy
T w 3 [ n’)' v ¥ Y = 3 ’:l
52HIN Field Capacity MIBAILANINIDT ATuHAANTZHINANNT U INANToIMTNAD
» )
anuyunnyii1 111414 (Available Moisture)
A da o O g w o T L e w a ¥ dd o
anuFunAri I8 Tn e Samuiesisua lamiminuesduuds nlosiun lno
) : " - 1 4 q. o = -
Buaswiedluanuinveni wu ausiudanuduinniil1¥1d 15 Hadwasaiudn
a a Y o 4 < v e ﬁ o= ' & 'iw
yaspu 1 wudwasnduau wuehamutiannionisusnnmilenilaidusnuuloniela
» E .
] o = d o = o 1 = o =4
NIWANNE IS INgUesAUMINAYoANaARAY  HTeBlpAuIzlinadolTinani NNy
¥ » v » » ¥
° ' o ] I = a ¥
ausorh 19 dunnnserien wu luauniniesuniiieaziduaszinnuiunimirll 1
=) A -4 1 o = - = 4 4 o 9 '
T8unanaudtidionsn enklifawAuniemariasianuduiingihly1§ldnnnn
P’ _ Fapn 4 o e A a a S A= ) d o & A f
Aumiloy Vel eAvuililoazidennng  sxltihmiaogsouqmdaauaiiy uaunsos

W mdusmundae



M N 2.3 saasanusuinsi iy lddmiviusinnieg

23

3 - z v g 4 -
nieAY HIH1/ v{adu VUMY / BUAY

3 ;
SHBNOTUNIA 1T NTIWHEILIN 0.40 - 0.75 0.35 - 0.65

A . ~
HANNY 1FU NTwazBuauazausudunie | 0.75-1.25 0.65 — 1.00

X~ T
HeANABNY 1NN 17y AusduNs A | 1.25 - 1.75 1.00 - 1.50
ausmlunswozioon
wiathunaty 1wy AuscutlunsivazBoauin | 1.50 - 2.30 1.20 - 1.90
"y T -y T 5 L b =
Ausrumazausnlunsuniensuvnziopn | 1.75 - 2.50 1.50 - 2.10
Wy AU AU ToN
anInufumieuazneunImazaus v | 1.60 - 2.50 1.30-2.10
Judumtisunsaieazioeainn Fu A

= |

wtenunsie
Ao sz neuN s WAz AIMIE DA 2.00-3.00 1.70 - 2.50
mﬂnnqniwmﬁmnga&'ﬁi

»
o

- l:!'ﬂ. c’ S IRCY a1 d” A M 1 LY o’: d' 1 =;
tuAunseniinisszuniTidatnszdanusuinyit 1l dnmin - Halinsizhn
. . . o 1 ) - ' d a & f
Field Capacity ihussgegludesinsziNaudsaudsdmunnivualugzsgnizyw
- o a Ada 1 x o 9 (Y] )
ponldsunuateiiaudumiu1318Tos  aundanuduiiamsoi i 1dnndnezdudy
Ha g = - 1 9 = 1] a A .3 o [
FiSaauruial unataniefeuTtanidue wu  aumlizaevaudlvasneunsimiudau
» ¥ »
Tngy anuFuiaeh WIF1ddmivAusiind 199 929 lAnnaisei 2.3
v » >
amnaudsninezuestihease 1 Tasdeitie 1318 lhdmiudnnniuesa
» ¥
o o a [ o =1 . . . P
nd et 1hidas: 1dmnamitoudiu wu lunishimwuiiadeu (Sprinkler krrigation) %4
: =) Y = u‘: a : ] v - : :: a 1 3 -
Tesdunnftaunazi g uoy suinoufounms ITiTuIsimie  ynehAUTUUNDY
: Y : =3 1 g L 0” ) J LI -7
ihilnnAyaeunszaaieass TSR Thwdszduliuummisomitlaiusoniuegiy
o 6” o4 ; d' . . by ] .::'
Tauszszinmiesnawm Ao uaNUTUN Field Capacity Inoldnanntla unzanudlums
» » » 2 ¥ » ¥ »
Thintutesass Ty uaiiesnnd lemaifrzan T 195 biwain Aniu idoudidela

E) =) -~ ] » d'y ar qy 14
ivson lasdehduitosundanaty 14




T 24 A

2.2.7 m‘smaau‘nmamﬂunu
o : = u,: A A W 3 A y
msniamans naveai luduiudiuSasfideudrazdenn Taummzodrevaile

a o gd o oS e > . . -
audulisnimstimszii lnaiuersszegluanwyssveanamieloth wazuseiinh?
o 1 A < ar - 4 ¥ o a
tNANII ‘Hﬂﬂ1%il2,’i‘uﬂflll'l‘i]'lﬂ&l'i\iﬂﬁﬂﬂ“ﬂﬁ)ﬁiﬁﬂ UIIRATYL HIDIUDIIDINANUIOU NDIIND
= o 3’: = @ g SJ: r ] g =

usaagaves Tanazfi it Tvaaslunuane  ussgadusiitii lvasenindeandadudan

L d b d )
ns Tavenidasy (Free Waten) lududiuIngjezdusgduvnaiozanudoiiedfuve

il

. .
e o

Fovinsznhunaedy lngdnAudnivey Inaluseanefifidn (Low Permeability) 121904
1ulAY uﬁumﬁmumnﬁqQ‘lu%uﬁumwzﬂuﬁu 1uﬂﬁtﬁﬁﬁ§uﬁumwumﬂagiuﬁu
NTHS ﬁﬁic‘ﬁnmmmnvﬁl"uﬁumﬁum:wqm;jmaﬁ’aﬁ'nﬁm:H'hﬁuﬁfmm%‘“qs:uwﬁa Waii
mszhgevhesznhadaaumedivutauandeiu Suh i lifanudetiioalunisna

WA ¥ d " Aa ' = o d s &
HﬁﬂJﬂu1uu'Iﬂﬂﬁlunllﬁ5ﬂ@u1ﬁu'ﬂﬂ§1’J'N‘Ylll‘ﬂu"lﬂ1ﬁfyl!.ﬂ')ﬂ']'inlﬁﬂ“h'uﬂ]ﬂqu']ﬂﬂZﬂ"lluu11]

audna

0 » ¥ » b
= r =1

% o re o d'l (9 r =, [] 5 - a Y a =
YUSN L HUUNAUU wmaﬂumuwﬂami‘luum mmumginngwminmma

> r »

L 4 [ ¥ ]
duAiiniesouadimi - dauegdamneziinnuiudsoamazvziinsnldounnufusis
[ ] P :; L4 A e W :d Av a8 oo " - EEN
5957 nennwiulndgaduddimidniuduvesdu@nlunuafiudnszae il anniiu

4 o 9 o ¥ oo o M A el s e A »
ﬂﬁzil'lﬂﬂaﬂ'lﬂu'ﬂzlﬁu1ﬂ$ﬂ DIAUUULHHAINTITADTDUNVDIU T U HULIUBINIDANINANAT

¥ r
oy

' . & T d a o v W o g P o
'ﬂﬂﬂﬁqaqss“31\3“1"5\“ﬂ138§!5‘U"'] Nﬁﬂﬂuﬂﬂﬂ‘nnﬁunluuﬂ’l\'lﬂu u1“31ﬂ5ﬂu11“1ﬂ11]ﬂﬂ

> |

P>y : ' t 4 da o ' ] 9 P 9 o :‘ A q'eivq -~ e
nu1lmzag_mu11ﬂqanaﬂﬂnuum:ﬂgmam1 fl'l‘H1ﬂll‘ix'l'YI‘VI']rI‘H‘I..I'llﬂﬁﬂuﬂuﬂﬁlﬂulﬁﬂﬂq 11
« d da a4 W ; da & ' s dm a & 2 4 d
Funez lnavingantusedaios lilgyantinsddannnm luaundlonnieominiezndeni

o T o ] =y » : 4 P = d ] F= ]
Tugunswldanihaumiles ualuduniaihvzmiounluaumiion ldsnluaunsiontu

] »
= A ] LN -}

» » » ¥ T
vaiziliteg udSinaduun ihdouss Tnaluduifivesheilivinalvg dhilsrounaoud)

] »
Y- 1 L

o d o A o Ly a (YIS o o % o
11['1]1154’)‘"3\1mﬁﬂﬁu‘]‘!\‘lﬂﬂmﬁﬁ‘lﬂn'lﬂ ﬂ'l'ﬂ‘iUﬂ‘Ll‘ﬂiJ‘]iBi‘l']N“Uu']ﬁlﬂﬂu']‘ﬂgﬂﬂﬂﬂllﬁﬂ'lﬂlﬂﬂ

i 3 Y] :v = W : o = ) - o ~ Wb ] =Y
FOIN ﬂquuiuﬂuumuwmamaauﬂunumum'lmnmﬂuﬂumw

2.2.8 awiuiiilded1als
A y: (=) : =] = 3 ] [] t ¥ d a 4 = g 3 A
dialmbunamineg Tnadmdn legluseshesznnundaduuazbadaiumasau
4 ¥ : [y d = . =&
Awusadamilorzrin luanavesinu Tuenaveanandu (Adhesive Force) HAZISIAd
» Ll
sz s luanaweNiIA U (Cohesive Force) 57114 11599A% U (Capillary Force) A9t
4 aqwa = 4 Ao by a W ¥ = ‘ o v
pismshbiihludundeunniogaiioensndudesldusaiznnn Nussdnanid vue
- w-é ] = J "o o dv oy 1 = v -~ W o A
voansafive Iddaegluzilvoms sde szauegiuyuunimauilogluau nanfo MAud

3 v 3 - ] g a o - ¥ ' 1 c:lw
finnuFunnmlaidimeegsouauaaauneznul  1IINNINNIINIIANAIN  VIIAYE3



25

o w1 ¥ -1 = & tw A dAa g o A 3o oA
usanezlyvsszegluzennssds szvuegavilsnannuuniiogludu naafe dausail
-‘: 3 : P ' d o o g : o e =y
anurumisiinizegsenquasdunszmnundy  Tuenavenihfiegviannmdasy
4 g Ya a o < o oy w o ar : oy 1 qy o 9
winhez W Asuansnonnussamiisannlumnpoveahiudu  dainihludiuiigninly
- o -~ ] 4 = 4 u’ ¥ ] ] VoA ¥
wdsuNAusRIgaved Tannse Ina lidudaduniiuvnzeginanh 14 douadionnusy
11 L) = o a o Aa oo J ar : - = : =5
uAUARAUTIOMHN HEIIN lanadufszianinanniy - AniumsiiszAnihnnstaves

o 2 9 9 ‘?
A lausaunay

2.3 mstmnuuuaades {(Sprinkler Irrigation)
o ar L : 7 : LY J o
dmsums i muuisdesiiszazi ldfsboniRedu llvuemauda ldwda

[ 4

° y o a ] 3 : o o Ao
mﬂﬂﬁwuﬁumwwﬂgﬂ Iﬂﬂﬂzﬂ'ﬂﬁ\‘lﬂ'l'jllﬂﬂ'igﬂ‘lU‘UﬂQuJﬂﬂu’lﬂﬂ'llﬂllﬂ HAZDATINUIANDY

dy n:‘ : ' oar =5 : ¥ s d‘l W : v d’d Qs ] -y
wu‘nmmmm1msrummmm'lﬂ1uﬂu mi’Nﬁ]’lﬂﬂTSﬁl‘H‘LI']Iﬂﬂ?ﬁuﬂﬁﬂﬂm:‘,ﬂ'lﬂ'lﬂ‘ﬂulﬂﬂ’l

»
¥

ar o z = &2 A 9’: =] LY :
Ay ﬁauummmila!.'svﬂﬂ'l'iﬁlﬂmlm‘l_lu'NﬂH11114um‘urluTﬂ'ju

2.3.1 missaenl¥misimbruufades
] 4‘. d'l :; ﬂ' = 4 d'l -
mavadsznnuudemminznuuuey  dieanmvesnun Au  uazesndizneudug U
Snvaizdane 11
=3 ot : L] LY U J = S » n'r A
1 AulidasimsauvenikuARUgIIN na1fe qandl 75 Hadwasaeds Tuads
o » 3’: A e a o °
sz ivn Inhwuuduinlszansnma
n'! oy H a1 4 3 s =9 ¥ H .
2) anvanvosduauItuYse lomineRuduua uazdnuuzgiilssmavesiu lu
G; Q as -; Bl: o o
muRwmmsUsunulnimansau
dl’ A=it=l ar = et [T}
3) WuntianuaamsunIn uasaugnian 183y
o 1. - a . " A A
4y dasmimsaaimnlasepsvalssmmundanuiionzian nsethonumasduin
[ >
aeunn e liimusriau 1dametidszdansnm
& 4 4 4w o v 4 4 4 va oA Yo
5) Hunusay FadreziimsdsvRuiiien s dmisiaaunda Woamanugaun
» ¥
] L] o ¥ o a o
6) Al hilianwdanudnngmedmms Idihmeiau
3y a ] o a -] u’ cl’
7) AvamislFRuRNRananan laosaas n1s i uuRsdesiiaunsnoenuu Lz
= v: > =1
AAAe1AIIMT I
y: =5 ¥ ﬁ’ :; Ty = o ] 95
msliinuasdesusnninazmanzaufaNIHYeINUT AuaNLAYBIRN 104 AINaUD?
Q A Y A d' | o o oo 2
fanveanmmlszmaiie)saussuiuntsyalsznmnnuviau Ae

»
1 m3daini ez azannn



26

] ] o
A ¥ oa P ' = sy
2)  mwsofiszeenuuuszuuiiihianunsenunsaifioudenisitjinauly
; 4:' ¥ r ¥ (Yo 1] : = S o c!ll [
Aumzdgnladesn wu hifigaassdainnisrinemsljidavveuniesinsnanvas
a’; ar vy =1 3 = o o 4 :
usnnntiuds lideudorundmiuanassdaiBndoe
>
3) sz lunts g
11 ady : ' o' =) ' L k4 3’:
) lunsdindesgquibinnnaassdnimsetouimasgudl msldinems e
Aarooa WidvsasuiNemun NuALYBIIRABNIIN
¥V : ¥ :‘ L= s 3y o | g 4 1 y
5) Mmpdms [hnnuraai i aRen e aglsz aened1sdufle wu 14160
o o o ] » : 1 ar
dadnseldlutunonne: ldvedain wiuld
W 1 c’ & ar Qs .; ] N =
6) Mmnannsadai@aliusdugane lfmunmizlgn Taverdonssdsanvaalan
nlyy Yo caad A gy 4 A = ¥
Adwms I sUnzsnN 19Ny mszezanniaasnusamaas 1aunn
5’: = 5’3 3 3 3 n’l‘ ¥ =t =)
7 nlmhunuiadesansaliihnisazdose uaztioonsslaonalidsedninm
o q ¥ o M dn A v A A A - w b & A I »
MlimmzauduRsilisndu 1wy Avidueennsenininag Fallsindunazdesnsld
»
AulANUYNTUGIBgINe
9: d' 9 = b = o g 5’: 14
8) szuuliiunniienss4fonazmsmiunnrsusmoinuiv g
-~ oo [ SJ: =) ¥ o =]
9 lugllszmaifiomemunida szuuliidadeveneslddessuanudons
- - oA =Y M ' - o L d
HINMSUYIRITRIATogUU YR IUsSINAaaaIi InTIgaBonuie 1dA L
dmudeidaseamsivniunuiades Taun
: < N A LAY . %o
1) snamuasungann uennntiudssdeudodudamamie Wi lunisldh
: ae o4 o w o ar ' o <1 _ 3
nanswazdsiiginsadsdsaigeinuegysz$18ndan
Y ) i 4 a 4 d' A o 4 y : 1 d
2) mundeudonenazglnsalmoin lilFluAundundsnniiiiuoAsas wuds
o » = s ﬂ a =4
s ldazain mazaudonuaziluinau Taommizedtad uunandumilen
¥a 1 v d 3 a o b a e - o qw o
3y s hihuniy Taoldsdaimnasuurmauedsiteiniy emivivaaves
>
APAI DN TUNDZIZABINNS MR TFASIINAY

d o 4 Y - -~ ¥ ' o= Y ¥ o e o
4) lnﬂﬂu1ﬂﬂﬂﬂQUuﬂuH5Bin“iﬁ]s‘ﬂza“I\ﬂU“I'inlUJaQ'ﬂﬂﬂ.l‘]Bﬂﬂ‘lﬂﬂ']U AMUUNTTNA

» »
sunailazanahvdsnainda
- v ™ o on = o W - & o e K1
5) wissnnInizidon@iau sasaau ne lu uazdiduvestirauns aeiums i
J = = : ¥ d‘
amumzumsqqmuuﬂﬂiﬂumsszmumﬂmnnmau
r : a P ] ; LY o W
6) NISHANIZIYBINAMINANaIUUAIANaE Tuminaye mIndaunauseyii i
o & W y 9 =1 <3 9 -~y P 5!:
dszdniamlumilitiaras emezdssiimseenuuuilufeuiezifon1sins Inshuuy

» .
aluandauiausailulszda



27

e . P aal v 2
7 Tunsainianuintusedaslduansnnmualuszeznadudu 19y ushdy
A o d . ¥ o 4 ¥ oot o " A w o
HyduanoguazoINAsouiagizasllilosnss anmainaniomzmiouhoginsaiuas
9 nw Il o o o o =1 : [l 'y W : a o o oy
i hiniuduanudens iadminiinieginnweuas mis Ihihmsiadussansaliiily

@
ar Qr ] =] 1
sEoznMOUAN A0 INN

- [ E
2.4 HWYURZM31YIIUBINY
2.4.1 ANHUMIHNINIZDWVBITIN
AIUAINTS VWV INNILAS YA TiHi DUy WHUFUANTINUNINT 0
ﬂ o ¥ o A 14 o ] (=Y ar = =] '
pendiuysnun e luszdyn luamin AT angasnas lanuaziinisurnszateluy
[] o o a = [V U J 1ar

uuas e eea linamd M URsYHaRe I UANHHEMITUNINIZIBYDITINISAUBYIT

o = . v o gya o Y dAg v 14 '
FisuazaNanvosaL szawhlaau ggmamizilgn aooasu Usuenimlvunnyluidos

¥
n3e

] ar = ¥ a e :: o oAaa d’ ) - ) =
N159DNUBITINAGSZAVANUANNTI9zNINA IneFuAunTiiouiun 19u Auau
a da 4 \ ' 4 o q ¥ a y = v An v
AunlnionunssIMsney luvasin ezl nds luannsnsenanaaldnilld  Tao
» » ' 1

Unfudrnnfiree limuisaseneen luduniinuduain19aiioIn1Is (Permanent Wilting

. w e o dz a o W » a o o ¥ ) 1 ’
Point)  Aniudmndidufuindaneegludu  AszdldsnAaluannsosenkinly1g

¥ ¥ r
milousu 1i039n s INNTRDINSoanFud M U ol ndniuduee luvewdsasdinm
9>

W ¥ ar o’f 3 acr o [V o] ﬂ L= ) Y
5"ﬁvu11ﬂﬁulw513‘]153@”“1‘1ﬂﬂu'i]zun’lmaﬂﬂ‘]fmualﬁﬁ'lﬂﬂl uﬂizlﬂ‘ﬂuﬂﬂ“‘ﬂﬂguauujﬂ

al

»
@ o

ey £ L3 A 1 L] = 1 P
szauhldduTatiuesdilszneuniinasomsurnszvoveesndnadaniis
:; o o = :d‘ ¥ =1 3 : U - y: -
ANudYes e INAzgNSINA lansinaihnlduntisuaazase nafenlihuniy
n’l ¥ =5 a Ad 9 o dw Qs :’ o [] ] [] = =
assazitooanuanvowduinn A ldAyisnesdn  AntusinfzurnszvvegualuuSun
o : oy ¥ A o ¥yAa oy r = : ) -
fumnsegmihnndu1F18 FehliRsdowmaeomisuozussgenauiuuuuazii
a A ' d ¥ 3 & S WA =4 1 ar
Ausaatasiadoudeslsijoniu  Taondudrdesnis IdAsiisndnuazurnszneia

»

[ 15 Y 10 ] v J - d o W :
mizuennnnsshlflidealiumivndsdeotundys  Rvdamnsagminazemnsld
1NNBNAW

Ada .;’: =8 Aoy e »
lunsdinaunassauimiuliguauianemuziunudesnsyessniyanuan
o o - A e = a . ¥ A o
veasnnsztlsiu lmuoguazssusainaiinisniyau 1a( Active Growth ) 19y W¥H
d A P < =1 A Ao 2 4 - - I
o URrITeuABuzlinANsEIIM 60 - 90 cm. RYNUL YAV 3-4 iFOU 92ATINDN

» r ¥
Uszana 1.8-3.0 m L‘T]‘IJ?T‘LI ﬂ'J’IIJaﬂ"UE}\‘I‘S'Iﬂ‘H‘ilxﬂﬂ]mﬂtl‘ljﬁx‘ﬂ']ﬂl 30-45 cm. Flﬂ'i&ﬂ&’)ﬁ?ﬂﬁ‘h’



28

o o 4

<y = v o ™ a s
Masdnnusg@aule 1 ey edwlsiaanudnvesishiiowduivnnng dnozgn
»
" =4 Y=Y W e ] b 4 ] =1 » =
11fia Taoan1udn wasAuouia vessufuinnd nafe diulvaudnelinnuan luby

- 5} a 1 = : A 3 =
2 m ATINANVOITINHHHHUARA llﬁﬁ'lj'jll‘lﬂlu.n'lﬂl‘ﬂﬁﬂE]ﬂi]f{lﬂ‘lﬂ“‘lzﬂgﬂﬁhlﬁ’ﬂ']ﬂﬂ‘liwﬂ 2.4

ma 24 utmammﬁnﬂuaasmaﬁ‘aﬁﬂmﬁuﬁ;mzﬂ?mmﬁ]ﬁﬁvﬁmmmaanqgms
mzilgn
Ny ANNBNVBITIN (UAS) Wananii (3.32.)
P 04-05 380 — 500
naw 0.5-0.9 700 - 1,700
97 - 500 - 1,000
911NnA 1.0-1.7 500 — 800
ARV N 1.0-2.0 450 — 650
uasen 0.5-1.0 450 - 600
uAalu 1.0-1.5 400 — 600
i @Inan) 0.5-0.7 300 - 500
& (tudn) 0.6-1.0 350 — 500
Frae 0.5~ 1,0 500 — 700
Fundns 0.6-13 450 — 700
MUAT I 0.8-1.5 600 — 1,000
dn 1.0~ 1.7 700 - 1,000
win 0.5-1.0 600 ~ 900
21veImA 0.7-1.5 400 - 600
s 0.4-0.6 500 — 700
Tinalsziandu 12-15 900 — 1,200
gy 0.5-1.0 400 — 600
dutzsa | 0.3-0.6 700 - 1,000
HIHeu 03-05 350 — 550
98l 1.2-2.0 1,000 — 1,500
G 1.0-2.0 500 — 1,200




29

2.42 Magminnnaulutun g

BN INNBIZIRN ST MIBgenavu iy luaeuUNYeAIAs N tazuSHn Ty
¥ e o e a & Aw gy d A el ¥ ¥ oA w
anasiunsazaannngu lutuil ludenessaswenanaruduinyas T 146udauds

w

- 4 ' ¥ > » 1 4
gudoi lasmsszimunndaaudnsmz innuiwesiu lutuiidesn aausfennuduun
a o A A ~ o ] : = 3 ::y v ] 3 =
Aufivziivvu luitganwnez Tuamwsoaathoinaulusuii 1145 R edaosmoanusuiing
1S unsnsway Tadesdesnvinduluszdudaan

e ; = o = ; e o by of ~<

Tuauniileduaduruouasinnudunwsasori 14 larasanuanuoaa

-~ y: H =1 i 3 3 r- : 9 3f ]
Iz lHhnneeuuveuYas Nt AT Id U lunouaiuRgszami I 14 nh

* 3 ¥ [ Fd

MNNANTNaRBIMUIRTNauNpYIaMign TuAuRlinleAuaiuauotazaUFUIINHE Y

5 ~ =] Y :' a & ¥ =
ADIUABINTIVBIRIARDARNUANIZIENHUZ MM 9 INAYTUA1G T Idndond ey

’ L4 3

AgIfe Swtnnuanveswasneentluddiumiaiulszun 40% v nuunnsly
L » » v b +
MIHUANINAU T UUTNTUDINHIAURINT 30% 9INAV TUTURTBS 20% InAu Tudunay

L4 Vo ¥ ]
ez 10% MnAuluFuNd mudau Auasalugla 2.8

~~ D f ‘ AN .
w T o ACTION HERE
z /4 seinl 40% EXTR |

8_-"6"*-1 2 ] -

k| /4 I 30%HERE | f!

] s e in e —. L'* =

<l D, g T 0% HERE |

ol /e

E ------- o e T T ey

G AR IRt [ FE R TN |/ DI
GRS (RIS T el

.‘-"

- J - d’l = A <3 : J
7UH 2.8 uanInundovaInnUrNNAYEA Taman Tuyuang



30

¢ 1 :
2.4.3 eanlszneuniinanans1Bivesny

= ¥ o - I . P's e
Wnuams InihwesiswznnuSodssivegiuesnlszneundgeg 4 szas fe
=Y W =~ o J [ :s' =Y W S =y
1. anmgiemasaugauny lAun wasnuanuieunlaninalsemad uiefifemad
b 2
= - o
QMU ANUFUVBIBINIA Az S 183 1TuAY
- }ly r <= & 24 ¥ = ¥ n’ ) ) s =
2. Ny laun sianasegueshy Avuaazaialnnudesmsiuenadudmiuiyyiia
~y - 151': ww A Py = 5 - P A 8w o o -
@eiums lhesdendiosulgnuazesmuiumiosy  uazinniigaiiietalovnoRugeis
d : 1
TawmunvIninecnne anns
=Y » L' 3 o g =% : :
3. & Tun Swnuanuduluan Weau anumuwiseduih Bddy s anwmduduves
A a A = a oA ¥
ndeluAunie msAdlunvededwilud

4 d' [ =y y':' (-1 = :1' 9 v 3
4. mﬂ‘ds:nauauq 13U ’Jﬁﬂ’l'ﬂﬂu“!ﬂ'ﬁ‘ﬂ smzmmaﬂﬂmma:ﬂw Q@,ﬂﬁﬁﬂ:ﬂgﬂ 13

WAL MIngquAn iudn

3.4.4 ANUTIIM I (Irrigation Frequency, Irrigation Interval )
< ¥ = o w ' ¥a H A
APNR s IHThmusne TuamIuIzHIINs Iiuaazadvesriulasla
4 [ ar W o, =) ] - o = oo a a : (Y a
wlaaniausy aunadus imbuswsedianisyniuematnnun lums bssmiu 7
» o 1 : cg Yo 4 : -~ o : =
gy amudlumslmiuediudasinis 1diimesis  uazanumusminbh Mvesdu
1 » ]
YDIYATIN IAMAWIZD10Y Field Capacity DI32AUANMUFUFURYNINGA ( Critical Moisture
-4 . '
Level ) w30 anwduiivoulinsganinau bl ldimes
‘zl » o’ L= | -y = A ; b oo
anunluns IfihanRrstialasiantsezyuaginugamsmizlgnuas szoems

= =y A A o Ao oa o - d{ A » =] o [
l‘ﬂﬁiylﬁﬂiﬂ mmsummimmﬂgﬂ‘nmau VWHRDIUANUFUT L“Biﬂlﬂﬁﬂﬁﬂﬂllﬁzﬂuﬂﬂu

»
[ E v

S Yo o & W ¥ o " o A A a = P =]
’ﬂ‘lll'liﬂﬁ\‘lﬂ?'lﬂﬂﬁuuﬂﬂﬁﬂﬂiﬁu?ﬂiiﬁzuf]U"]lEﬁUi’]Uﬂ'NlllB“‘]ﬂ‘l)'imulﬂ‘lliﬂllﬂgll:i']ﬂllﬂﬂﬂﬁ\'l

4

= 3 1 a' ¥ o ] = é a: v q'
T lusumntuaanudlunisihnizdesqanns wdeszuzeonaoniiaiuIn ANLD Y

"X = - o ¥o W ¥ ¥ & A d A4
ﬂ']i11’11]'Iilzﬂﬂflﬂi']ﬂm‘i'lz'ﬂ‘lﬂlﬂ'l'ﬂ‘]fu1uE]U’dﬂl.mzﬂ'ﬁ]llllﬂﬂﬂﬂu'I!ﬁUtiJElHﬂqﬂH'iﬂlﬂUlﬂU'J

o V: L]
2.5 MIMBUARNTIHNBANY
- wo 14 A gwa o o Y b
Tumssarlszmu vienslhihudnmie NS aule uaz linaaouumugaiu
o s 4 o ’ - e = o : =]
suinsswuiilamaaililsvesnisyadsenuegiaueds dielivnisw Inhunisuas

=y 1] o n’r‘ ,d A ] 1
WiSinaannieamila  Smnnssieeuisassteindemtuinile1d s

< o o 4 a4 . ' 1A o e
yalszmuiinezdugnitalaomsmurarasdu 1deoaniuon uaneuieelifaouir 1A



31

o ﬂ 9 ks a [ - | = : ¢§ o ~y ] Pay
sutudomaudeyamioanune au uazth Fauflussdilsznovvesmsvalsemudonou 7
- 9 da :
N RININI TUN
a dHda w o ' o
1 FnahnAsdesnsnIzesnaInIe AnoaoIgunail
»
=] o =
2) anya it lavesduluaasn
= : P a ¥ ] P Yo : 6‘1‘
3) WSwanimmurimsyadseniu 18 ezt vuanaifiez Tasuiiniu
= :q'd 9 - ] = y
smanifiArdesmstszoznaeqaneaniguesin uazanumuiamni 114
= 9 o o -4 ¢§ ] :: r.;, = ::;
vosduhuvasn dudoyaddgdesdudzdeninnlimianudlun Wiuealfuwdh

¥

1 .3 r o n’r‘ r ' =4 a P
szapalilundazase  eonlsnawluvnnsunluaunsavunfy Tamus uauauniuy
3 - v e da 1o Aa o @ - AA o w ¥ s e wow
dnamaawe lliesnninhindiegiuidaudne wisluvasinshiddonsining 1
A o ’ : b :: = 9 ’ F=l 3 d' o =} 9
pammusdnIN IAsIsFasemy Aniulegeniwale ez ithna o ldunis 14

L] ’ 2 =4 o ¥ : ] d‘ d.l ¥ as a. 9 : ]

agamiuounh lsithwined muadaied Tadeiiine lafanarven iR suaieg
[ £ 4 - » T
Tugadznsznunszifiouaeranantioohiqa  wiedmimnweuansdainiluas iy

o 9 o 9o a =1 ar 3 ] oo Yt ] : W
wrapIms Neg ldsamsounuimi 1315 lugaenn 1dins daiwae

2.5.1 WyHUNIIHHUANIINID

or = =

v » » »
yafdassaau Tadouiims Tiegaaoanar  dasinislsheziustiusianag

=

» » ¥ 1
oguesiy Saderiiad gumglinazammgioimaouq mshhiunislundazaialiuun

Y Y 14 - ' & g oo ¥ & ~
1‘Hﬂ’}5 51311'lﬂﬂﬂﬂﬂﬂ’.}"lﬂﬂﬂﬁﬂ'ﬁ‘llﬂﬁﬂﬁfvlﬂ%Nﬂﬁ1ﬂ$ﬂx‘lﬂ1ﬁ‘l—lﬂ1ﬁu’lﬂ§’nﬁ141 HIDNVIEY

(: v os = d A : 4 o @ a
5SU::!’]ﬁ"IFNllﬁﬂﬂﬁﬂ'"ll]’)ili]uﬁiﬁﬂﬂﬂﬂ]ﬂ'mﬂﬂ ﬂ'ﬂllﬂi‘uﬂ"l'i11?1-.!1&1&1?83?11?]&13“%55’8

»

Lo

y o ’ ] =Y 1 o ' o = 1
ADISUITL DI DUADIINI I NAYLIFTA 194 WINAPANYG Aoany IFAulnNuFUgIey
ATDAIIAY SIAUUTIHAHAATZAMS I U RYLFIA uduuazna louq Barnaweni
¥ wer T v o N o :ly:
doaldnsvimhihainToudunouizesnasnoonsa A31L NMIATHUAR N TUMS 1D
& o 1Y a o A A 9 o 3 o P ¥ 1M
Vsuthudeansugliidvvesiisilgndae Tavia ldudnstmusnarhas s vonss
ot ldgemuy A JaunsdanadnyazeINIveIRTias launsNasMInn
o J lﬂ'w | 1] -9
SR NuIuRGunieey Ay
[ 31: L3 os =1 u’: YN Y
MsAmuans i Taem s §unannNanyaeen s veaN s ua 11150 19 [nfuIng
'] : [ v » » »
¥iig 1wy NPT mtudmzuaaseimaoam oty Tnommzeoisgs luaou
" . . . ¥ I
femadeusa oa Hw wesuiinsnatilueeuveiuazidRenduiunnd dmsy
» » »
wa T luersdmuams i Tagdsil MIzn I dunanURTeIz M 1Aado iy

¥ ‘é o o~y C; ) LeY
naUMaw IR ez Inandai lalgunmuazlsinuaan



32

= r!ll =] n’ [ = <3 o : ‘o
RynnIUAolioIMInminzandasimsesadu laas faiud lusuihuugns 1

¥

1

»
W " =

& g ¥ t: :;a o ‘== o’ 1}
wyiihl9ed1ahvaneaoneatinaue  Taoviag hlndusieimusnanidesdiuniela
a o S Aa . Y A -
minnsuR NIRRT I (Available Moisture) HfamBooglusu msz
L4 ¥ W ] »
IusNuFudnaniviniuizuenhismsnatiegnionld
- ¥ A - < r o 3 i) 3 o
msiznsiinsedydnlaedniaswaslikondage ssdosnosauguinny
4’ - L o 1 -~ ] ] u’ = oy W ] =
anuduluan ioglussAumeminzedione Asdmtngiamisogahanau 14 4sd15d
¥ a A ‘; d‘ dy = 4 n; a | P di‘y by =] 3
DAula L galen B luiuanaws @nnuFuvesdufvsEndy  dwanhithinn
a 4“ ¥ ora P ] . : ¥ A os i g 3 w
tiuanusuliunaulunganye: liennsegmibin ¥ iifismesuanudens’d  San
o = =1 ] Py = 9 =1 Sicw =] dy - -
nissauAY Ianszannsnsengansyiaula uasvintins lithunislusouil Aeunexin
o =Y ] (1] =S =1 = £1 =1 9 - =Y =l
veaunsnns @y e il Idmuind lasiimadumeaivaindeonse ludomman Rang
W
shapvazidemonimanuiuluduegluliam (Wilting Point) Andeduduzamas
o Foor = = ] L1 1 ’ =Y 4
Tu faiiueweznsady Inde W18 udsewohwandad Idanas
. . ™ =4 - o : .3 T ~ - o
Wiesnnhszruanudeneinannmsviahiuegiusiauazeiguoaiy  faiy
Ao o © = ¥ 3 : o - ¥ — =3 ¥
TudlslisnududunezdesweuiAsnaiinsesdonldegluszosfinssnunizieuse
o ¥ A ' Yo ¥ . ¥ a A a =& = 'ﬂ
HaraAUBsNge 1wumsnaaesiithdninanud Hildnrusuluduaaassudeamiiiy
] o 1 A 0 o 1 s q 3 3.d fd o ¥ q ¥
N 1N 2 T lusidninaddsesnvesensziifaaas1die 22 nlesidmd uazdqld
.’ L] o oo 4 s = 5 o o o o : ¥ 3
visthlugnaasefmdunainn 6 i 8 Junandnszaanais 50 nosiFud duiudidoams
b d
= o Y -
UgnimInalildnandngaudnezdestesduiiliainduluduasnslnddamuasaooa
2gveaiu Tnomwizennausluyenisidessnyenon
LTI | =) [] =§ =4 y: =) ] =] Y L= | - d.l
dmiunsvisda wu fhe alimslshludnendhlsz@ninmmnnnimssiindu
s b4 Y | ﬁ, 1 19 ar : o od
19 hisuihudes I Auiinnudugeoganeana uathvmniuwnhnondanzaang
v = o a9 ey A 3 [] [ A oA ¥
wuRe v lamlnaudiadses liaulanurugeegaaoaia1mdnniliuis ueenaoaud?
¥ ]
Amiounnainz lduaiaasamlelinummarastiinsvimifiszoznalanm
A C: 3 4 0’ L] Eal 1 = C; = 1 ¥
nil szeznaideiimsviatiudlnzne lidammudomounnaniimnniige Sond 99
» » »
o LYY 1 qr ] @ Yo A )
QA (Critical Period) A3t Tugaszaziandananiiszavsnsss nu Idauiinnuiuegave

> ’ 1 ¥
¥999a lunudesmsiivesirsiasaqitgniunag Tudwans 13 luaisei 2.4



g :
A1TNN 2.5 BAANY 1INGA (Critical Period) Tuanuavsmsiive sy

-~ H9INHM
Dl ] A‘ ] ar [ [
neuanla TuFumiathuinasianiasia
NENAIABN AaanarinTuluRugenaaananisinitilan
2 ] ] = o c’!’ (-3 = = t 2
419Tnm dnangsinasnasndansnauiilaRiinaaTaaau gt uaan
uaz s LT ITIAA ARz HaNngsaZAng ANINd N
Fnlnaliiruaatnunieu
1 = [ [ =5 o o [ [
193 Sngaunlutseentonentudaudady ssaandludinoussnaen
f0F1N InganaalugeenaenuazAainsosasiilussieusenaonsosasan
dlutednddeun  uarBlounszinganinglenaneenaent liinona
»
Wnou
T HIR
£y WY VINAINDINIBBNT I
LTAALADA IFUDENABMIBZABNN1AT 1A
13 9 d’ =y
FNFNT apsnaTuduludugraoaggniailgn
fhe InganangalusieensenisAsaue  sesamnifugasneusennen
speanuTINdIRAaURT L BLA
e =2 o
UTLTBINA INDONAONIUNIFIMNA [A
- a'r o -ﬂy a -='| ar = o c{
PITIAES ABINIAMNFUGINGUTUDN DBNADN DANTNAL?
» o W ’
Lina Hamaa la
+ 9 yov ' 1
YWinadszumdn | sonaonuazdana $U1ITPONABNAND19A TR Uy 19N oL BDNABN

1 4 »
nles maslugndseisud luld Taoms i lguaune

A o . v
2.5.2 AUNUMSMHEMAMS 19

A w1 o - a o v a A o g FM
EN!BJTIﬂ'I'i'iﬂ‘ﬂ'lﬂ'ﬂN'T”J‘UEN‘FIuiuﬁzﬂﬂﬂuﬂﬂglﬂﬁﬂlﬂuﬂﬁﬂ%$ﬂ11ﬂWTNﬂ'}ﬁ

a o 3 o =
w3 v npdesams uas Idnandage

a , o o 4 ¥
vosauldegluszAnlaszdmilmasagamamzlgnla

5
uatumal§iiaud s limusoazsomnnuan

: r- | L] 3 Y
YanIINTUNBLARSFTIAYE IH

¥
a r = Y . A
aummuazwanaaaizAos liveulnimduvesdnasnstilinddamy (Wilting point) 1au

¥ ¥ ) . ¥ , '
seduaFuneums Ihindludfssvanhdwminiinnugeganeanamio i 1e1vded




34

= A ﬂ, & L] =3 @ 3 1 r
Wubslinnusumdosgszinaasiuam wiedssm 66 nledidud udautFusgud

»

- ar ’ 1 -4 Py :
wnmIuRIna I iosgiRvaniislusuriolssma 33 nlesidud Afe AT

Dhe

D

» ¥ »
) -~ o ] 9 o [=3 =
STAUANUFUYIAUNDUNT IH N B BAUDH IR 1NUTIAINIILTUIDIAY
o w4 * - - = o o -4 v
ANVTUAU B TZH NILTINIANUFUUDIAY (Soil Moisture Tension) HUTTUIUAINTUNNY

111518 (Available Moisture) Sidnumzfazili 2.9

FIELD CAPRCITY(FC)

100

A Tu U InE —x

T
1

10

T

’

~ o e o ¥ =4 c.'l, - 4
517 2.9 uamsanuduius senInundn e IR 11915

d + o a oA Y o4 o Fd S 1
MAgUITAUN i Field capacity Aufitinawdundnii T8 100 wesigua unsh
3 »
Jam (Wilting point) AU lutinnusuinni 11414
- v ¥ 1 g = v = [ : o da dy
fisanveIssnNuuARAunAasyaliva Tumidy  thiluduiiiensy
»

]
=] =

1 ¥ 99 g Af =1 1 bd 4 a Aaa

wu n3wezgnga I lndeunualagldussdepnusunouanusy upluaufinloazibuace

ar ot .: 4 (=1 - - Y = s: =) [y N Oy o

Uaﬂquﬂfnwumnﬂﬂgami‘lummuu1ﬂma‘1musqmmmwmummmﬂu 300N
W a_f a A - P oA w t; o PLs 1 o o ¢ a = =

nedanuduluduidaniony NszAuaNuIuRtunaeeyd 50 eiidua AumNLIEY

¥ »
nseRanMUINYsEYI 4.5 USSEINA  aIUAUIIUNATAUNS e TN IAUA NI STIIN
»

2.0 Ua2 0.75 UITHNE MUMAL 261N INNFILADIDDNUI AIPANTILHLLINA T IAY
4’1‘ o -5 y: o = W | n’ = » 4 A =

arduvesduvas Wi h1¥ Tavdndudasnfriussgainnauldsinania deuseda
d’ o a J N . o &’ -1 14 5 : J : b 4

ANUFUVDIA LAY HioAuwTaNnYuINATIzAe IFusIgminndiunazszamin 19

i o A S s de o a S - o
Havne Lipdnsifsinaarhladaoniniumeheenmalunrnezyminaziianisisun)



35

4 Ed )

v . w ) 3 a — a T 4 °
AN MINAItsAUTImuAnG 1Nl ddeems iwdiennuFunini 11 1dmds 50
ﬂ o d o o 9 ¥ o =1 P 3 = = ] ;
nlosua NazreslideoAumiion AU AUNTWIUTNMNVTY 42, 2.0 uaz 075
VITINARATEINY
o W L] w r 3 - dl. o far T 4 u'
adldnaudan  sawduluduinni 15 deedmageagdiminus sdsnnudush
W J = 1 4 ] [7) : 3 -4 c; o
AIDIINVIINAHEAN Tazuaneanum imindeanusundmi 1S lamae 50 nlesidus
] ad c: s d,: W 4 =Y ~ r oo r =
g Ailludaiimswivezdessonusidsgannuduandumilnminnaus mnieay
[ | :; - = : r = Y1 o A ﬂ’ -~y 1]
w5 wazsswuRsmignuAumiinesuaasemsvmhnendahdsfianuuminey
" d v oq W A “ A s w ’ o odw ¥ v VoW
WINNPINAINY Hao I neusafennuFuils Ty asnuhranaan 18z luuanaiaiy
» v » v ¥ [] b d
mnminiqnnuduniai W lsimvdeoguanaanumnn wu  Hlidudeusdeenuin
¥ ’
iy 2.0 Yssnma anuFuiRnh T F 18 udumiion Ausu wazAunso szmboag 75,
- o
50 iag 27 ilasaua
[l o :v: o =5 :; M o r!r aar -~ rct
TinarmdlumsThinedmuannusstennudu nFedaunrmduidunieegn
¥ ¥ e + .::yw = A o - Y 1 ] ; °
aw 151 e lgmdinaniouienSeaunnsiialda  Aundiliniseziinmaasning
5 : A w: = r o
uthamzilgnlasass wansmiuanudlumslfihnissRnsanvinmuswasgunsel iy
»
3 1M wazvinmsSeufouTinuuesgunmysinanan aneasumsIMIuBINaRGR Y

1
]

¥ ¥ 1 WA 4 a g ¥ 3 w »
newamannmiinsaugueuiuiuduldegluszdundeimsudes inanouunuy
9 " - »
Auamsely
: 1 s 1 ] : = ¥
Tuadudahans 18sudm Inadhnhyasznm nmsAnemunnlsee i

2 A - R W ¥ ¢ d o A o w A e w
sl nudunnsin 114 1danastiszyia 50 15U ¥3ona1I9NTuKRIN OIMINKAIMT

: :;ca 3 c; . . - oA 4 i < F L ' -
Tiimoassaulinnudumn Field Capacity aufinnuduimni T lFldegsznan 50 3 100

o o o
nlosiBua aapaial

¥ >
o xi a

L) o ] 1 L] w i‘:d o o ' P4

dwmsuluwagnibidslFdnlngoennndy  AniunsTibseimaenizdim

o 3 3 w & o

iaruuazimndesnisas v e igamediunslsenimiratlszmuuds n

¥ w o dM¥e o d & Y o o e ¥ a - o et

shvadan Bdmiuiuihdubiaigs Wunde venliinennuduluduasasninadam

Tiunhgamiiezdi 1 Tnelinsznurorania
r g = - v y: ¥ =~ :
A muamaiuisanioognouns il wdssinsuiinnuazanluns

3

¥ A da ow A ¥ a a Y g a M xY
1.1'1111 Hazﬂ'ﬂlﬁﬂl‘n“ﬂfﬂﬂQﬂ’ﬁlwﬂﬂlﬂlﬂﬂNﬁNﬁﬂQQQﬂﬂ'Jﬂ 1.“UWQﬂﬁQﬂﬂﬂ‘jﬂ'l?U\i'lilﬂﬂQﬂ]ﬁ
: A 4 =y ar ¥ L= ] o o = ~
11’?”11684%1ﬂﬂ?1u§u1uﬂuﬂ\3ﬁ‘.\7@g llﬁ:lﬂﬁﬁ?1ﬂﬂﬁﬂ@ﬁ1u’]u;ﬁ\3ﬁu'lilglldUﬂﬂaqu']ﬂﬂ
1 .l d v o o A u';lrl ulsvd & vl =
DY ITIAIY DINDITNATEIHL N ﬂ]ﬂﬁu‘ﬂ‘ﬂﬂj_ﬂﬂﬁlu‘ﬂﬂ meﬂﬂﬂj'lll‘]fu 'ﬂ 40 03 50

P T e vy N aa A vaw - ¥ I
wefrusndlsaliil paduihimsaismumdd e nudunnnh il ldanasmnud



36

¥ .
- - |

o ¥ = ) o ¥ 4 o
winlSnauazgunmvesananasasnoszdaliiibeaudainuauinei g
k4 ¥ o o o
lamaang 65 i1 70 osiFus Mudu

@ |

o ' A Ao A v 4 a 4da A '
mifmuasinuuRsandesgioums mindludesidwamn sz hivos
¥ 1 d l
aunsogainldhidsaneseanudesms iddmnanuduluduanalndfem Wiesn
E
=] [ =y =Y
LSRN TN UZFIWIN VNMINADDINLTIHONARYDIABNDIMNTTRIZARAITININ
$ 4 o 7 o a1 e w a - a
anuruinmii 1l 1¥ danaande 20 weosiFudniadingy SMSuATIRZAULIIBIANARERA
A ny & - = P
p199zaandile [dANUFUARaANaD 30 D9 50 Woswua
o .; cid a Y y-.-im - 1] = wr a;a' =y ]
Suanusuninit g landunaeegluay  lussdvnsunsznunsaieuns
¥ » »
HANOAULIUN szﬂm'nu%umqa(cmical Moisture Levcl)w?amaﬁrjmﬁuqﬂ 1A INGA
» 3 1] » )

.. . Ly ' =) e < = A - o Fr oo ar
(Critical Point)danamiliuegiustavesaunasnsilan nngli 2.9 wwmuldnszay
A da o Yy A Vow sd o - - @ o =
anuFunnni iy lamaaminy 15 wlosimua 15IRIANRFUTFIMSVAUNI I AN LA

¥

Aumilo e iAMNIN 7.3, 9.8, Maz11.8 UITOMARNIURIAY IR UIVINUIIRIANUF LY
= b - : =y o ¥y o ) = = ) a .:'g ]
auuad Aramnaminnaunsisldisnhausunazdumilon  edetsiauiiesnind
= - o nw I ¥ o = dy ; o
Funsiianuannsolumaminh 13 1ddes AussAnnuiu 7.3 yssone anuyuluau

o b EY or 3 A o £ . 9 -; = °
niwhasaslndimnnds  aahudeanulasaseisluas Manusulufunswasashld

. cd &1 e e di"\lwly A 9 . »
91 15 1fes1vud drusumtisaaianuasolunisiuii B dmnna fandnnsesdng
= o’ 1 A ar d{ i - r o o o : A o ﬂ

ponusIAMiInnIl uanszduanuuTmdend 15 alesiaud Wy diedreonuuily

¥ 1 4 » »
=Y ) o -] ) 1 = woar w A a » '
Phnanhudrnzdwmaihiwdesgunniludunsisuin dadunsesdaiiilannam



37

c; [¥) il ar s o dlﬂl tg aid o s 1
A1 1IN2.6 anumzsmzmmganammmﬁuﬂuﬂ'vaunwvm‘hﬂﬂﬁ'lm::ﬂumqq

- ar Y2 @ a
AMFUNAY SnpmzuosdAndud
o hl wllyzia ~ A? = ‘; 3 3 -~ d;r = dv =
i lanwy | Awilenot Aurilasontiy | mwdiothunaie | Mulioasdun
Hogludu MO HazaziouANIN
L | 1] F Iy o P A E =1 =]
0% uesquhiniz | wdasanline | odadlumanie | uds ulla Usow
@ W ar » o W @ =
fudludou futufou enmidudou | wanin uAl
ldyq bt ‘ﬂ 9 ]
uat Iiupmily | Aeuuansiu
3 =1 = 5
Halaag BNUHAMID
- u' ] 5 b3 ’ Y 1 ’ ' EYl 3 @
50 % H3DAINT | AUHI quia ABUYI9IIY ue | Aeudian M
3 ¥ L2 A ) » 1 el 2 ¥ ] ¥ T o
Slvuuniude | Mlduduinde | Mldnuues THuuwmeny
) ] [ ¥
Tunudou Tiludou smzduiudon | dludonld
¥
14
4
° 1 a ] o o o =y
5075 % auita Ml [ Ml | dbddudeuls | suihedeuldin
Tuiie il Fould uauan | doudnumiien | Seadluuruuieg
W 1 r as A‘ r=] d!. ¥
fou awlmmziu Wotuezdy 14
o ¥
Yoo
b ] as o o ¥ o 3 v = 1
75 % D4 meduthe 1] dudhudonu Auiudousou | Seutluusu
. . ﬂ ¥ ' ' ' ¥ s - lrly
Field Capacity | \lufiounsuan | uandiy W dilay | Eriniiiie
' = A 1 Ver A
3w mitrnnneziu | 9o 3danau
] ¥ > Fd Fd
P R P a s 24 - | - - & a A
# Field Capacity | 11 11 (Hijonauiio HilouAule milouAuID
{100 %) ponumALlen | v YERMY HoNY
= |
iio
k' Ed )
=y @ | r= | —y = g [= 1 1 o ~A o
i adalusiosss | waeduszinh | Suihhesmn | ulsauihh
o
- . o [ .
Ficld Capacity WINISIAY 0NN VUK

D011

¥ A W
Aumaln

fgandesgezdpaninisannnauraziniug o

¥

i o =g P % : ¥ a o -; -::d Y 9/
e dasiuildnrdosnatudy nsmuaszduanudninei hiifla

Fmsumsoanuuuizuumsvalszmiu

o 4 A w ) Qs ] J o o o
'itﬂ‘ljﬂ'ﬂ'l.l%u“fltlﬂﬂ’iﬁﬂﬂgﬂ'lﬁi‘Uﬂ'lﬁ@ﬂﬂ!lflj'llﬂﬁl‘jﬂg'iﬁ‘ﬂ'ﬂﬁ 15 SQ 20 wesirua




38

3 : ar v M

2.5.3 aaAdsznevdiy fumshmuamsli
b
-] ¥ o = ey =3 c; LY
nsfmuams i wennnwzdesisandmuamifuesdunazAiidgnuds i
o ' 1 a ° ¥ = = o
sefitlsznovededuiszdpainduinsendioie anmgiene uazianismizign
= 21 a 9 Sa o o = o o 4

anmgusInaife dent S1efiad gumniiazanuFUYEILITNMARE AL

1 ¥
omveat TusnansTuaasagamannzgniludn antgiioimmuaiiiseinadolSuums
RS I o = va d ’ ]
lnhwesaiazdsnimnldmanudlums iiviues  dmsuesdiseneunsifoadums
a g me d ' - a ' '
tansnaiztlgnn Taud Faggmamizdgnuazinune aammuuniuvessmlangels
Tnsuaze ldsolunsTiiuazns 193] s

A o 4 ' ¥ 1 ' o w o

diownsaeanlsznmmneniwdiniaay 16 mannsontamstmuams 1

: f4 o & - | s m e

Whugeangu ngunilsdanmsmsliiniesnssferziuanaags damdnnguTuduiiudes
: . n:'. « oy ¥
iniosasainn 1

Yoy Vo # o o A o o -1
ﬂqu‘nﬁQﬂYﬂﬁﬂ]”Uﬂ‘jQ HANIZVINY Al guﬂ]n]ﬁllagﬂ]‘iﬂﬂﬂ]slﬂ]gﬂgﬂ AIH

¥ ]
1. fi5nAu ‘hJ‘Hlﬂli'l-Ju HAZOAT N SUNYO A

v » »
2. mswsapan TadIngeglugieh hilidu nSesnntmssemonazasinm

o Ay o 9 -
3. Nﬁﬂﬁﬂﬂﬁﬂﬁ'lﬂ’l'jl‘ﬂu nAuU l11] ADN HIDRATA

: - 4:‘ ¥ g ' e 9 7 ¥ g
1. Fuauau Tnssadrevesan ludiilisnudvsveon il 1dunuuazay

ar =] : 9 b= ° : = (F=] =t 1 L]
2. dasmsduvenini T udud msszuohluaulfuesimssiumonahia
3. TsaniluduasiedosnwyogTuau

o YA WYY A gy & A o
4. anszussemn iy Imfeuilo s shenamaud

= < P : A - [ =2
dhuamiy uazmsmhralsenuiiindeazarweg Iulsuaun

o

fijvogludwiludlSumann H?Bﬂudquimjmﬁuﬁu%ﬂ:uuu
7. Aullgunniig Wzl

fl. HloINA
1. ﬁﬁ'ﬂymzﬁﬁﬂﬁﬁm1msszmuuazmsmuﬁ’1qq
2. hifiduanluggmamizlgn

A pdaniszian

21 W #
1. Ugnirapuaugaual



39

F a 4 g o q W 4 a "oy L= {
2. AvImIKoRafye DNz lvmanunea hithenoewy

» » ] .
3. imvsmandaruegduimings wSovnnavesaduiiiuie

J q Te v v: T :.- ar o L) = ] at
ngui hisuludearinieoniuinlianizvesiy  Au  gitszmanezmsinms
wzilgndan
r= |
. W
1. fi5nan winsznweiismunniuaztasimsudvooress ngs
»
2. NENANNATUNIUADNITNIAIT
=9 = 1 ] b P | ] Ern : 3
3. mansudy TaawIngeyluggiu wiolugreiiimsszmoiaznisaninion
R =] -~ 3
a. wandafinoan nlumAanTonauds
»
- ¥ a
1. HuAuan laseadied
a =) : ¥ < - : v =)
2. dasmsuvenind W ludunemuz msszimiuezmsowmenealudug
o . YA wy &4 g s - A
3. auszymhesnin iy ldinniioldus @ snududi
= g’ - =3
4. auuazhyadszniiindesgiion
] 1 = " s ] =] 3 =
5. injuegudu hivminuazimnsznoeganean mdnvessuiu
» v
6. WhlgauegluszAufinsmusogaun ¥ larh
a. poINIA
¥
1. BRI semsaz Ao
2. WuanTungniamizilgn
3. pssansmizlgn
1. dlgnuaziSadn Tnlugarhs uaemieluasiims szimounzmsmeosinion
= = R = ¥
2. Ugnuaze v Tmnuhinouiigauas
3 3 = (=] =1 1 o o § =& a7 1
3. feams MrandauanIognia mmzTmaamdeieants Dt hauniweas

= ] ] =
nazilsinuezaouninnanoey



40

=
YNN 3
AEMIA UMDY
'i';'uﬂaunm'hsﬁm Ion

d a
3.1 aaAlsznouvaan o
v i b 1
nsdinugouniasnInguns Wihda lwidil szerdoduls rdyin
W »

aunums IHananheniawnmnzau o msfadiuimenuduiuau nSe msdanatuns

s
RIS TR

W : 2 or =y = ' [ ] : o
ala-llanishivh wie msialTinanavgiiveseimaluuaay iu Fadmbsznanmdny woq
r ¥
193 09A T
3.1.1 dmveayalannuvnludy
¥ W
lugrmtmiudiuuoimshamsusa lwid Tasedensiadinnusuniolusy
0w ar a . & a a a0 9 =
ﬂlﬂﬂﬂaﬁﬂ;mﬂmmwu {Moisture  Sensor) AINITIAANUTUBIALAINNBATUNIURN
4 a EA o 9 o 3 b
nldouudas lvesdu sintniiainnudmniy IS sudsududediSuaanusuveaii

= =1 as - W o o ; 7
Tuau Taviinwudamsianuiielfisuyes Sanmuiudagl 3.1

MOISTURE

SENSOR ] ADC

SOLENQID VALVE

l l LCD DISPLAY

Microcontroiler

MEGA16

o a ] P by o ar d!y
g?.h?.?. { URUANN TN T ?‘Iﬂ‘ﬂ'il!"ﬁﬂf?ﬁﬂ? Wy

[ ¥ » W
nanmsAuveunioaliida buid laveemis Tannuduil szanisoniugu
L] ] [ ¥
Wnanimdsanmisizsaiinannfsuaazsiainnudeinstaedy daiunsesnuuy
& u’i‘ ' Qs g AN W Ed ' - - o o ; = [
INTBINTANNIOAIMIEAVANUFUTAIABINIS IR nanfe ienlasiudnnusuiufnion

» . » ¥
A TIEAUANUFURNFABINS (AR FUR&a T szuvaehinisnimiesnyIsunT &y

; t:; z ¥ a’; a : w e
A mFuNA Baniussutneinsilat lnosn Tusa



41

ol ur 5 =
FEmananadinnnuyuluan
z 4 o a
FUABUN 1 MIIIATDNAN
o o o sl o A ~ o ¥ -
i thaunaulveemlesiBudanuduussauindinisanuistszunm 1 - 2 Ju

¥ '

@ & = o= 9 P M &‘: P o = d A 9 o wr
2. mﬂuumﬂummmmmT,"damwa%enuuua:Laﬂmmxmﬂﬂunmuﬂmumﬂlnmﬂmﬂu

< a

snuanildson

=]

s & a = 1 : a a ~
3 riudeaudisewadadalanizleslanziddon Tnvdsgmumpifidimson 144 105 -c 19

natlunson 24 21y

a A ' =] s ¥ o ¥ 3 d» A woa e a kY
4, 3a%uﬂuﬂauag1uxm1wumaq HOIUHYIHUIRAA LYY mﬂﬁmﬂuﬂu‘nmmm;m 370

dy c;'a F=1 ; Izl Iy rea :’ [
ﬂ’J'llJ“If‘urIl.!f]'lﬂWﬂ (mmzuﬁum’nmmﬂu 0% nD IEJTLJ‘HWBQLE)U)

u‘; .:i n'..a : @ o r : c:; =Y ] - 1 3 5
UUABUN 2 Msvahminsazs s fSnaninnez@ulusaaznlefiuna nutu

! y L ’ : o‘) ‘: or = =Y
5. FANMUNHINAAANNIZUINUITIAUNDY NMTUTIFUIININI HWVDIAULATYANITITAU

] " ¥
6. thaufudwazlouvgiimifuguvpivpwdl ldgawma@mir ¥ nimin

»

by

» » ¥
5o LY = = o o Qs ¥ e LY =] oo
7. dnhminswvesAuuasgausiyauauininningauss g IdihminAugms sl

W W, = W,

Auuazgs m

1 H ¥ ¥
8. enswiminaAundagniud ThinndnnalSmahadesnisauaslilidazaives

] o cf o g =
pInaned lunsazilosiruan NUFUAY 1NTAS

a»
o of a = =
wasiFudn nuFuAuGFwI) = (W, /W) x 100
4 b4 v
= o A &
die w, = wiahvhauasly
W, = WInvedsanui
- = :’ c;w =3 1 o o a dy = =
9. wionsudsinanindssnsmuas T luuraznlosmuasnuruAuIaIAUNN 5% (0, 5,
W
10, ... 100 ) ;ATURINE Sanumsindanaseusdumulussesudaniudinwe
M - ' A cswy
YUABUT 3 NUTAIAIAIINTUNIA
9 o 1 b w dde 9 o v o v ' vV ow o ow
0. 10T 9 1hmnuaafnenIald unlennI R MUFURLT 721N NIUANFN0 A

e d o A
nlosisuan iy



42

Ll

11 nnumsiaumaanuduininnnTn et il lumaveu Tusunsy

3.1.2 @IMUDI HWITARANUMIRMN
[ ar = [ ° n’: 4 Y
Tudvensesdyaannnaduduvesmsiaunuudm ia-lansni

1 =) - ::: : o : & 2 53 3
ANINTG msa’i}mmmﬂimﬂzmmmmnaﬂuﬂmﬂﬂunmmzmmsﬂﬂmmanamm"h

dl =) o a ; ol = o
Faiurudansisudeladgaandndsgil 3.2

TIMER SOLENICD VALVE

051307

h 4

Micracomtroller LCD DISPLAY

MEGA1E

132 unudan s nude ledamy annwnT

=

dar
3.1.3 a0 e T ingumgil
. o o o 9/ o s & e e w
Tudanvnamued inguonngivessziylfmedilomed  Fuihuginsaidmivia
qmﬂqﬁiﬂuaﬁuwﬁnﬂ1ssﬂﬁnuuﬂmﬁwmmﬁmmu'lvlﬁnﬁaqmﬂnvﬁm?wu'lﬂ PPUAUVD
o= o ar a = P a 1
mesiimaed fe aunsoiuimsnlfounlaswosgamgiiis Faminasuniinaenals

n:l!i‘r o ¥ o o o o Yo - Adat W Yt
wng ldmesiimpefmnzdmiuidiansnldvunlosgungiinda nios, 1aa

l Thermister

]
L

50133 pluamarses T igungi luens

Lot aS
fanmperature Yotags



| 4 o a4 S s A

Juarumssanuunsotazarnsadimaurniitie 1 unnila-dai naran iio

b = = ] -:;u’: 3 é'! b y: o :’ d'l =Y =3 [l r;: 9t

memyigaiuamaa 1y wseagimshibuezsstinmsaiuliogungiinandaninda i
& o = . @ ~ o =) .

FamstsumFon(Calibration) vos9simguunii v 19doyomsIaguuniinnn Thermistor

nfouiouii gungiinialanin PTi0o



44

3.1.4 FEmsnaasaveulilsensuauagumIsa
c:z 5; WV : r LAY s 5
suapun 1 Isunsunsugumisliinuuaaluinlasedonnuiu
. o @ o ' J 1 o o ar d o o -‘.Iw = -
i, haumsuaasnuduAutsgninmnuadnodualedituan i luauneu s
¥ g o »
UHATHLARININNNFUR IR 1A

¥ » »
AouTsunsvasszauaianudulunis dla-dda msseih

ta

3. smanaaeuTisunsunaziiufines

>
ot

duneun 2 Tsunsunrugumsliibmuuaaluialeaeifionsdna

1. imsaen 15 unsud aaznaasn iuena
W

O wou Tsunsudsnmarlums Wa-ta ms i

b2

3. fimsnaaau sunsunaziiufinna

sumewi 3 Tsunsunsugumslihinusahninleeerdumsgamaiinelueina
1 dmsidoulilsunsulumsueasmgunginala

» ¥
2. WonTusunsudsszduagungiiumsiila-dla ns i

3. aimsnadeu llsunsusaztiunnra



3.2 peuAIM I IMvelUsunsu

»
Tnsimamuruianaas T

N
S

—

{
(__Sun
|

v

- Initial value

45

for MEGA16
) v
4 Show and check i
_ - .
- humidity
A r Show and Read k
- ead key
Lcheck time | CLK No key
SET
/ Set % humid
, Read key
No key for on-off value
HU |
SET v
Set time .
Read key Quit and save
for on-off value EN
ESC
— 7 [
]
Quit and save xRead key // Quit not save
ENT o
v ESC

!

Quit not save |
|

|

| S— ——

it 3.4 upnams i fsunsy



=
UNN 4
HAaN1INeInod

4.1 HapTINaaRIAMmANUYNINAY

o - : Ve dde MW g o P
ATTHUVUNNHAN 4.1 ﬂ1ﬂ31hﬂ‘l¢lﬁﬂﬂ‘ﬂ’)ﬂ1ﬂ jall ﬂ’J’nl‘ifuiuﬂunﬂrl 5 lﬁjﬂﬁlﬁﬂuﬂ

wosirua ﬂ?nwmﬁyﬁsﬁu(ﬂ's"u) anumaing (1nad)

A ludy ABAY 1000 N5U adair | afei At | wae
0 0 0.011 0.005 0.000 | 0.008
5 50 0.122 0.120 0.129 | 0.124
10 100 0.252 0.257 0.251 | 0253
15 150 0.378 0.377 0371 | 0375
20 200 0.501 0.509 0.516 | 0.509
25 250 0.620 0.699 0.614 | 0.644
30 300 0.737 0.759 0772 | 0.756
35 350 0.881 0.872 0.840 0.864
40 400 1.009 0.989 1.047 | 1.015
45 450 1.128 1.137 1.011 | 1.092
50 500 1.251 1.210 1320 | 1.260
55 550 1.370 1.375 1.381 | 1.375
60 600 1.492 1.580 1.550 | 1.541
65 650 1.622 1.664 1.612 1.633
70 700 1.749 1.810 1.696 | 1752
75 750 1.875 1.869 1.804 | 1.879
RO 800 2.006 2.037 1.983 | 2.009
85 : 850 2.127 2.118 2249 | 2.165
90 900 2.246 2.236 2261 | 2.248
05 950 2.373 2.339 2.388 | 2.367

100 1000 2.497 2.43 257 | 2.499




47

UW % CUBEW - TUBEE & TSI o
... L. 1 L' 4 s 1
NEMRLLYBRLILELT
.4 L
irat 001 08 09 (8} 0c 0

T " oo
X ' i
&\a\ - 00§
|

= 000t

RAMLLBEALILGIMURUMPLENLLULBMNEHZLEAMTRALLUCBRIIMLEU [ Eﬂw
.Aw‘ PR -] LI ) t ) ) A M~ =

DU}?HPWLLBLB

yJ



48

o @ o ’ . ' a o ar o o 4 d:’
Nzl 4.l waansaLduRLE s hamausedngsunlesiuaamdulu

Auvz 1AM NUFUNIND 0.025

wr : 3 o a  d 1 1 1 w o ar o o o ;
ﬁﬂuu‘il&.lﬁﬂllﬂ'l‘iHﬂﬁ\“ﬂ'nilﬁll‘ﬂu‘ﬁ‘ja‘i‘H’J1Qﬂ'?ﬂ'J"Illﬂ'NﬁﬂUﬂiJl‘lJB'il‘Huﬂﬂ’ﬂll‘lﬂl1'11
= =
AU AD
Y = 0.025X

o P Ao a
Taoh x = nlasssuannuisuluau

1 ) w :{d' o ¥
A NuARAnoN a8

-
I



4.2 HaPIINAEBITAMQuUNYN

1 3 L U C: =y
e300 Thermistor Wsdumriaansdsulavesguug Taodlums

Wasunasmuaia A

amnahfioeafd.2 uiufuum Themistor U guivgiived PT100

, . @1 ADC g8 Agungil
A1QMHY PT100
9710 Thermistor Thermistor
25 615 234
26 633 243
27 640 25.8
28 669 26.7
29 688 279
30 707 29.1
31 720 301
32 736 311
33 754 32.6
34 782 337
35 795 35
36 813 36
37 830 37
38 852 38
39 865 39
40 887 40.2

49



dpmuunfiuee PTH00

45[

40— - -

nsuassauiviudssuivdiguugaog PT100 Au 61 ADC 989 MEGA 16

35 -

a0

25

20 4

50

100

e e

400 500 600 T00 800

fi1 ADC 103 MEGA18

200 300

71 4.2 p3mluamnwduiussenTnnQungives PTI00 7 71 ADC Y83 MEGA 16

Thermmistor

rvugasa I iugnisayugauunitssuing PT100 Ay Thermistor

25

15 1

45
PT100

5171 4.3 paTHuaAR IR UEMITEQUMRITTEHIN PTI00 A1 Thermistor

[+ tnun]



4.3 Nﬂﬂ]‘iﬂﬂﬂaﬂﬂﬁﬂiﬂﬂ!ﬂiﬂ

(T CodevicoravA
- [ Proiect o

i
H @Hde@ :
] - 1] poedc |
: Y IR nchuded Fies |
i + X Gbbal Varaties |
+ F{) Functiors
- {9 Othes Fien
D master ¢

i
i
i
!

Comples | Azsembles | Piogrammer ©

SIH eeseeeid Thp Amegats e .
2 this prod Frogram ype Appicaiion ! :
3 i Memory model Small

Codedizaz ‘Gptimre o, Sae

4% Autamet i [oop feanrer foat, vadth, precison

S§ € copyrig [e)rcani feaues: M wicth

G} htep: /7o ;meolecharro'nt No

7K e-pmil-nq chatis nagned Tes

e .8 bt erams Tes

‘Enhanced cote nistructiors: On

SR Project |: .
oll version : %Aﬂcl'l'ldﬁ Iegrstes dlocation: On

1T Q Dare 4342 2] compeed

‘28 Auther | :Moenas

13 company | Mo warng:

A Comawnis:fi X )

5 B vanables size. O bylefs)

EE‘ Aurowaticq pga Stack vea Bl o BFh

i’ Deta Stack sze 756 bytefs)

1 £ stimated Data Stack usape 164 bwelsi

198 chap cypa’

20l Progran o Global vadabler aiea T60hte Wik :
1l clock 1rd ‘Gkvbalvenable-: sze 154 bytels) i
27Q Memory oy e Stack wea HCh o 45Fh ?
AR Exvernnl |iho g Slack me: 512 bytefs] !
248 Daca Scaq’ :
758 wvevvr et Hoo size 0 bylefs]

%

77 wewe rovae JEEPADM usage: 0 bte(s] (0.0% of EEPROM) o
M ‘Progrem size: 4616 wosds {56 3% of FLASH] e

L1 s A

0s B

M : 5 . P ] - I et et e e et -~
. 1“‘ !“J‘J 7f] This program was producsd by the .
= 43X CodeVionAVA 3 CodeVizardiVR ¥1.23.8d Scandard
= B Propect: projech A8 Automeric Program Gémermtor
Notes 58 ® Copyright 1996-ZD03 HP IntaTech 5.r.4.
= moect.¢ Gl heep:s/vow hpinforech ro
+ Inchuded Fles 70l e—mail:otticedhpintotech.ro
- Xp Global Varisbles| . 8
+ -FY} Funchiors SR Project : Project
= [§ Dthex Fies 10f Persion : 1.0
D masiel ¢ 11§ Daca : k2/8/Z005
2 . = c
13
4
15
16
17
18
198 Chip type : ATmegalé
20 Program type : hpplicaticocn
21Q Clock frequency T 4.000000 MHz
7} Memory model * Small
Z3Q Exvermal SBAN size : O
248 Data Stach siza : 256
KJ rrerrrrsisvirrartrrrrerrarrresrrnrirsarrratay
. % -
< N ZF  mmrlade dmmmels hw .-
Dila - s . 2.
Merrages ;
16:43 Trreert Proge amming the AYR Chip

3171 4.5 uanams Inan Isunsuil compite udaovum CHIP

51



] e e

sy BEE 2

Navigat CudeTardata[_‘__L' . - T L ]
; m[}:;:hVBUAVH 2l ™is program was produced by the
T 3] CodeWizaraAVR V1.23.8d Standard
' - @ Prorect: progect 4l Automatic Program Generacor
%Nm 5l  copyrignt 1398-2003 HP IntoTech s 1.1
- piojectc 6] nttp: //www. hpintovech.ro
i * Included Flex . 7] smail:officeRhpinfotech.ro
i + 3 GkbalVaishler|: B
f + FU} Functions I8 Project : Project
2 @ Othes FRes W Version - 1.0
| D mater ¢ ::21) n.. : 1Z/8/ 2008 e
: 5] | Veeifying the FLASH Prograni
. k23 .
i 15 ;
: H N 0
; 17
H 18
: 1 chip type : ATwegnlh
2| rrogrem rype : Appliecation
2B Clock frequency 4.000000 MHz
27§ Hemory model : Small
2 Irternat SRAE size @ 0
24Y Duta Stech size : 256
: Fr I e AR T R R I FE L T EEL R
‘f‘ * LEREYE FY (.--”“‘. L1
Messagey |
16:43 Insert  Programming the AYR Chip

= o A ~ B
gl"ﬂ 4.7 !!ﬁﬂ#ﬂ'ﬁﬂ']’ﬂu!l}ﬂjﬁﬁﬂhj‘ﬂmiﬂﬁdﬂu CHIFP a1l

52



JUA 4.9 uaasnnIm



54

=
VNN S

3/
ajiluazvaiauenu

5.1 aywamnases
A oo w wn o ¥ 4 o ° ¥ A
iwTosuaums IHhee Tuid Aedrelutuezanioie ]y 3 o be
o o M 4 v oW b w ¥ 2 A4
1 e laserdenisganarlumssai luneaz iy suvuizdunssai ludunndy
=Y 9 3 a u‘: o cy 3 4 o
wirwnts iflerimssenarlunmsiladazananinmiumiessnimiaiinaou
1 cg @ d' n’: 9/ o : o =% .CJ:: £
Smamaziuninasssunafisuilal3eiinssaihiuniznedaimidata’l
o G I3 ¥ ,; o c:d ¥ é 1l : d'l r
2 i Tereeomsiiruasinnuduludunisdesmsnelslumssai lanien
W ¢ ¥ > ¥ '
auduluauiiatesniimias Bindssazdiniiiati lagsa ludaunizviaasadum
d? s:;w -~ ¥ =Y q‘ n’: Y]
AU UNSBIN T vIRBUAR YA RS 1

LY

¥ »
3. wsmTavedensimuasgamgilums Tih usas iy ssansofsigavgiii
] ] ¥ ]
pungiigenhisidmua} ndeseziimssaihlaosa luiRounseisdieigungi
::o’: 4 A a4 o N:
nasindeanesiinangaldii
4 : or wnd’v ] v A a 4
wipemuqumssathsaTusatidens ommsuaashgungiiiuemn e, wodidud
: E=3 or o A oy -4, W e n’: 1 ar Y - Pt .gi W
anusuludny, Su Juil dou 3 uaziar 18 wasinadse Su Tufl @eou T uosnan sln
wow ow oA A o R E,
azafu Ty Tui ideu 1 ez 95414
5.2 uamematazgpaliuazinamanmsniang
w Y] dll, o ¥ 7] 1 ¥ o W &
L Aawgduvvvesgaiannuiuluduidannsadad lansevaquuinuniuis
o J
UszgpalFlusnmidiumsinuasas il
W s - = ' b g
2. wmm;ﬂuuumswNm‘uaﬂﬂﬂmsu1.wfmmamﬂmamu@mmmﬂmma"lmmu
ETR = a o o & w o
seoz TnanForuins oA wduwesiinmenuazainuazisznianar lumaviam
w ) oq W 4 @ o A 3 ]
3. e Tdsunsuneuiunes awnianudeyamsiiauvsunieuiiugmdoyaiie
= - w 3
Gungudenidvaorlunenasld
;V:' s md" q ¥ o Y] v 9 []
4. szalhhsaluiafiszannsotszgnd lFdmivaune q vamnaie wu
a o : a o & d‘.’ P
- th'lsggnaldluassathdmfuaunsonunnensinuas
o ot ' « ; @
- aillszgndldlumsszuionanuday wu meluhindoedamisnelulsafou
¥ » ' » ¥ ¥
Taodinsdsmguvgiinminzay diogumgilganhmids Bismnegimsiiand

A 3 A P LR T ° by
LW'E)?%‘;U’IUF\T\N‘S'ONlMﬂQNﬂQﬂﬁﬂ'ﬂﬂﬂﬂﬂ’l‘ﬂﬂxﬁi@ﬁ?J‘U‘U?z?nﬂ'ﬁﬂﬂ‘l-ﬂ

'
M A

o o w ' o w :’ =
- ihidszgndldRusznmienoa dmiuRsidesmaihnliumion 1



1BNANI91994

Using Uszuomuud, Jowsed vhndy, “gilenaznisdszgnaldanuvedlulasnewinsanes
MCS-51". NTINALKIUAS : UTHMDwIdU.n51 1R

Fyad ygelana * nanmsvadsemu nyumwumiuas : TsaRuriodo 2526,

Water G.Jung. “Op-amp Cook Book™.Indianapolis USA : Howard W.Sam & Co.,. INC

WA lofls mamiys yswdly “ﬁ’ﬁﬂmméu‘luﬁu”.ﬂ;amwumum,'ﬁwﬂﬂﬂiwm
Mrymmnangasinomaasiusa mndnAdndlszgnd oniumalulatinge
roundugmnmsaanseale

www kmtl ac, th/~kswichit

www.es.co.th

http://www.lesa.in.th



NARUIN



NAHUIN N

393330U8ITTUY



<op0d Mous
-

20y
ey WANIGG

HITOEINOS Yalv DULYWOLNY

ang
AR rO 4 013
-1

3
1
|
-
g
€D [{% Jihewerd U] e
b 8 ¢
na ne o g Lne

$28 208 % 108 o T
T T IELTORSIR

oNg W#—Aﬂ!
3
3=
2
:
[
2
Aﬁ}_ﬂ_

2aa 21 wuITT AT ACEE ®ALGDg

-
r

wrj”

;
254 o’

WO AL o
i [
|

* uXiED b 5 _

B T — [
|>.|||||.le LI RADS :.duu,w ¥ ||_ “. i i H o
e IL e :FUT sivomn 1 -

| S H i
J.L i -{12201Ca  {d21MH0a g - ol e
TR —] L= =& s
' —_ i
z3d {1LN 0 b= 2 >
£2d (e NiIZg -
*3d (720404 2ol

i
{1080L%5d  VIVLE =echl nET 7

-
-
)
<
g

{25014 24 ZTwix 1
L] aws

oy 33
Juv 1353y
(LOCvIevd TSRS
(300vigvy 10Swkeag
[Fiatal B3 EIRTETe S 1oC )
(ra0wirys (SEhrag
£20v)ue (1INTTHEY
220v)Zyd (ONwI2Bd
142avlivd GLLivag
1020vi0va ., falio8d

T 0
4001 ke anip

91 pur 51 utd
Arddne 2ubt1uowg . 2

i rur ™ KR

3qEITAIEL GITm 20T ZHAT



MARNUIN U

Tdsunsuaiuauszuy



[Neeo BN RN RS I VTS
Bhome s an s es oan ms as

—
[an
b

11:
12:
13:
14:
15:
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20:
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27:
28:
29;:
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/it&iii**i**w*i**ii*i*&it}*'}ck-l*b**tvi*-i&iiJniir
This program was produced by the

CodeWirzardAVR V1.23.8d Standard

Autcomatic Program Generator

© Copyright 1998-2003 HP InfoTech s.r.l.
htip://www._hpinfotech.ro
e-mail:cffice@hpinfotech.ro

Project : Project

Version @ 3.7

Date : 07/02/2006

Author : Nithi Anukulsampan & Waranya Thiraputtipong
Company

Comments:

Auiomatic Water Controller For Garden V3.7

Mode Available

- Timer Mode

- Relative Humidity Mode
- Temperature Mode

- Manual Mode

Display

- Date,Month, Year & Time
- Temp,Hu & Time

~ Time

- Date,Month, Year

- Temp, Hu

Setting

- Display

- Mode

- ON/OFF Relay

- Time

- Date,Month, Year

Other
- Save & Load Setting
- Water Check

Chip type : ATmeqalb

Program type : Application

Clock frequency : 4.000000 MHzZ

Memory model : Small

External SRAM size : C

Data Stack size : 256
***t*i&*k*i*****‘*&*******-***it‘i'l‘ﬂri—*t&}}*i&**’f
¥

Yinciude <megal6.h>
Yinecinde <stdio.h>
#inciude<delay.h>

/f

// 12C Bus fTunctions
Basu

i2c port=0x18




63:
nd:
6h:
66:
67:
68:
69:
70:
71:
12
73:
74:
75;
76:
77
18:
719:
80:
81:
82:
83:
84:
85:
86:
B7:
BE:
89:
90:
91:

93:
94
85:
96:
97
98:
99:
100:
101:
102:
103:
104:
105:
106:
107:
108:
109:
110:
111:

112
113
114
115
116
117
118
119
120

D T T I T I T R T S T Y

121:
127:
123:
124:

Finciude <iZc.h>

/7
/4 DS1307 Real Time Clock functions
Einolude <dsl307.h>
/f
// Alphanumeric LCD Module functions
Hasn
led port=0x15
beraisw
irno_ude <lcd.h>
v

tde:ine ADC VREF TYPE 0x00

// Read the AD conversion result

unsigned int read adc(unsigned char adc input}

{

ADMUX=adc input |ADC_VREF TYFE;

// Start the AD conversion

ADCSRA|=0x40;

// Wait for the AD conversion to complete

while ((ADCSRA & O0x10}==0);

ADCSRA|=0x10;

return ADCW;

1

//

bdafine relay PORTD.O

#define speaker PORTD.1

$define 54 PIND.3

tdefine 53 PIND.A4

#define 52 PIND.S

#d=fina S1 PIND.6

$dafine LED PORTD.7

/7

// Declare your global variables here

char data_set[G];

char data value[&]:

flash char *DISPLAY SET{8]={"ON -> HOUR","ON -> MIN","OFF ~>
HOUR", "OFF -> MIN","ON -> HU","OFF -> HU","ON-> TEMP", "OFF->
TEME" };

flash char
*DISPLAY7VALUE[6]={"DAY","DATE",”MONTH","YEAR","HOUR","MIN"};
flash char

*DAY[8]={ n_J_u’ "MO]’I", "Tue", nwedn' "Thr", "Fri", "Sat", r|sunn};
flash char
*MONTH[13J={ ||v_74_l|’ "Jan", "Feb”, lrr_qarllr llrvl_prll' "May", "Jun", "Jul", "Aug"

, "Sep”, "Oct™, "Nouv", "Dec"};
unsigned char lcd_buffer[lG];
char
mode display,count,countl,mode“control,hour“on,minion,hour_off,mi
n“off;
float hu_on,hu_off;
int temp_on,temp_off;
int tick,tick ,water;
int x1,x2,x3,x4,x5;
float yl,y2,y3,y4,y5,y6,y7,y8,y9,y10;
int read temp(}
{
int n;
x5=xd;
x4=x3;
¥3=x2;
x2=x1;
»1= read ade(0});



125: n= ((x1+x2+x3-x4+x5}/5);

126: return({(0.6213*n) - 146.49);
127: }

128: //

129: fleat read huf)

130: { B

131: float n;

132: y10=y9;

133: y9=y8;

134: y8=y7;

135: y71=y6;

136: yo=y5;

137: yh=vy4;

138: yid=y3;

135: y3=y2;

140: y2=yl;

141: yl= read adc(5};

142: n= ((yl+y2+y3+yd+yS+y6tyT+y8+yS+y10) /10);
143: return((n*2.5)/1024);

144: }

145: //

146: // SET DAY TO DS1307
147: void set day(unsigned char day)

148: {

149: i2c start ()
150: i2c_write(0xd0);
151: i2c write(3):
152: iZ2¢ write(day);
153: i2c_stop{);

154: }

155: // GET DAY FROM DS1307

156: char rtc _get day{)
157: |

158: char day;

159: i2c start();
-160: i2¢c write(0xdQ):
i6l: iZ2c write(3):
162: i2c_start{}:
163: i2c_write{0Oxdl);
164: day=i2c read(0);
165z iZ2c _stop();

166: return day;

167: }

168: //

16%: fHdefines EEPROM_BUS_ADDRESS O0xaQ // ¥M24C256 RAMTRON FRAM
170: //

171: // read FRAM

172: unsigned char eeprom read{unsigned int address) |
173: unsigned char data, regl;

174: i2c start(};

175: i2c7write(EEPROM_BUS_ADDRESS};
176: regl = address>>8;

177: i2c writel(regl});

178: regl = address;

179: i2c¢c write(regl):

180: i2c_start();

181: i2c¢ write(EEPROM_BUS_ADDRESS | 1);
182: data=iZ2c_rcad(0};

183: 12c stopl();

184: return data;

185%: 1}

186: //



187: // write FRAM no delay needed
188: veid eeprom write(unsigned int address, unsigned char data) |
189: unsigned char regl;

190: i2c start():

191: i2C_write (EEPROM BUS ADDRESS) ;
192: reql = address>>8;

193: i2c _write(regl):

194: regl = address;

195: iZc_write(regl};

196: i2c_write(data);

197: i2c_stop();

198: delay ms{10)};

199: 1}

200: //

201: // SAVE/LOAD DMATA

202: // Save data to EEPROM

203: save datal)

204: |

205: eeprom_write {0, mode_display);
206: eeprom write{l,mode_control);
207: eeprom_write{2Z,count};

208: eeprom_write[B,countl);

209: eeprom_write[d,hu#on);

210: eeprom write(5,hu_off);

211: eeprom_write(6,hour_on);

212: eeprom | write(7,hour off);
213: eeprom write(B8,min on),

214: eeprom write(9,min “off);

215: eeprom write(10, temp_on};
2l6: eeprom write(ll,temp off});
217: } B

218: // Load data from EEPRCM
219: load dataf)

220: |

221: mode_display = eeprom read(0);
222: modemcontrol = eeprom read(l);
223: count = eeprommread(ZJ;

224: countl = eeprom read{3};

225: hu on = eeprom read{4);

226: hu off = eeprom read(3};

227: hoﬁr_on = eeprom read(6)};

228: hour off = eeprom read(7);
229: min on = eeprom read(8);

230: min_ "off = eeprom read(9);

231: temp on = eeprom read({(l0);
232: temp off = eeprom_ read{11};
233: 1}

234: 7/

235: // Show display day,date, month, year, time, hu, temp
236: show display_10

237: |

238: int temp;

239: float hu;

240: char day;

241: unsigned char h,m, s, date, month, year;
A7 '

243: day = rtc get _dayl();

244 rte_get date (&date, smonth, syear);
245 rbe get time(&h, &m, ksl s

246: temp = read?t(mp()

247: ha = read hu{};

248 /Y



249:
250:
251:
2521
253:
254 :
255,
256;
257
258
259:
260:
261:
262
263:
264:
265:
266:
267:
268:
269;:
270:
271:
272
273:
274:
275:
276:
277;:
278:
279:
280:
281:
282:
Z283:
284:
285:
286:
287:
288B:
2819:
290:
291;
292:
293:
294 :
2985:
296:
297:
298:
299:
300;
301
302:
303:
304:
305:
306:
07
308:
NG
310:

/7 display count
countl++;
if {countl > S)
count = 1;
if {countl > 10)
{
count = 0;
countl = 0;
1
'y
// display 1 (time, temp, hu}
if (mode display == M
{
if {count == Q)
{
sprintf (lcd buffer," "y
lcd gotoxy(C,0);
led puts(lcd _buffer});
sprintf(lcd buffer,” $202d:202d:202d",h,m,s};
lcd _gotoxy{0,0);
lcd puts(lcd _buffer);
}
if (count == 1)
{
sprintf{led buffer,” "y
lcd_gotoxy(O,D):
lecd puts(lced buffer);
sprintf{lcd buffer,” $03.0f%cRH
%d.%dC", (hu*100) /2.5, 0x25, temp/10, temp%10) ;
lcd_gotoxy(0,0);
lcd_puts(lcd_buffer);
1

1
// display 2 (day,date,month, year, time)

if (mode display == 1}
{
if (count == 0)
{
sprintf(led_buffer,” ")

lcdﬁgotoxy(0,0J;
lcdiputs[lcd_buffer);
sprintf(lcd buffer,” 202d:%02d:%02d",h,m,s});
lcd gotoxy{0,0};
led puts(lcd buffer);
}
if {(count == 1)
{
sprintf (lcd buffer,” "y
lcd_gotoxy(0,0);
led puts(led buffer);
sprintf(lcd_buffer," 3¢
%02dv%pf%02d",DAY[day],date,MONTH[monLh],year);
lod gotoxy (0,0}
lcdﬁputs(lcd_buffer);
}
t
// display 3 {day,date,menth, year)
if {mode display == 2}
{
sprintf(lcd buffer,” ")
led gotoxy (0,0}
led puts{lcd buffer);



311: sprintf(lcd buffer,” %p
312: ?DEd—%pf%02d",DAY[day],date,MONTH[monthJ,year};

313: led gotoxy (0,0}

314: led puts{lcd bufferi};

315: }

316: // display 4 (time}

317: if (mode display == 3}

318: { B

319: sprintf{lcd buffer, ™ ")
320: led gotoxy(0,0);

321: lcd;puts[lcdibuffer);

322: sprintf{icd buffer,” L2 a02d:5024",h,m, s);
323: led gotoxy(0,0});

324: lcd putsi(lcd_buffer):

325: }

326z // display 5 (temp,hu)

327: if (meode display == 4)

328: { B

329: sprintf (lcd buffer, " ")
330: lcd_gotoxy{0,0);

331: led puts{led_buffer):

332: sprintf(lcd buffer,” 203.0f%cRH

333: %d.%dC“,(hu*lOO)/2.5,0x25,temp/10,temp%10);
334: led gotoxy (0,0}

335: lcd puts{lcd buffer};

336: } o

337: }

338: //

339: // Show display TIME (ON/OFF), HU (ON/OFF)
340: show display_2{)

341: |

342: // SELECT & SHOW MODE TO TIME CONTROL

343: if (mode contreol == 0}

344: { h

345: . sprintf{lcd buffer,” ")
346: lcd_gotoxy(o,l);

347: lcd puts(lcd buffer};

348: sprintf (led buffer, "ON%02d:402d

34G;: O?F%OQd:%02d",hour_on,min_on,hour_off,min_off);
350: led gotoxy (0, 1):

351: lcd putsilcd butfer);

352: } - B

353: // SELECT & SHOW MCDE TO HUMIDITY CONTROL
354; if (mode contrecl == 1)

355: {

356: sprintf {lcd buffer,” "y
357: lcd_gotoxy{o,l);

358: led puts(lcd buffer):

359: spantftlcd_Bu{fer,"ON 303.0f%c OFF
360: 303.0f%c",hu on,0x25,hu off, 0x25};

361: lcd gotoxy{(0,1);

362: led puts{led buffer);

363: } - B

3641 // SELECT & SHOW MODE TO TEMPERATURE CONTROL
365: if (mode control == Z2)

366: { o

367: sprintf{lcd butfer,” "y
368: led gotoxy (0,1}

369: lcd putstled butfer):

370: sprintf{lcd buifer, "ON 502dC OFF

371: %02dC", temp_on, temp_cfri;
377 led gotoxy (0,1}



373:
374:
375:
376:
377:
378:
379:
380:
381;
382:
383:
384:
385:
386:
387:
388:
389:
300:
391:
362:
393
394:
395:
396:
397:
398:
399:
400:
401:
402:
403:
404 :
405:
106
407 :
408:
409:
410:
411:
412
413:
414:
415:
416:
417:
418:
419:
420
421:
422:
423z
124 :
125
41262
127z
128 :
129:
430
131:
432
433
434 :

led puts(led_buffer);

}
7/
// SWITCH KEY
SWITCH_EXE ()
{
char test;
char ddday, dday;
unsigned char hour,min,sec,dd,mr, yvy;

char displayis,displaygv,stoper,stoperi,select;

select = 0;
stoper = 07
LED = 1;
/o
// Test Relay & speaker
if((51152) == 0}
{
test = 1;
while(test)
{
if (51 == Q)
relay = 0;
if (82 == 0)
relay = 1;
if({53 == 0)
speaker "= 1;
1f (54 == 0)
test = 0;
if{({s1182) == 0)
{
test = 1,
while(test)
{
water = read adc(7);:
delay ms(500);
sprintf(lcd buffer,”
led gotoxy{0,1};
lcd putsi{lcd_buffer);
sprintf{lcd buffer,”
$d~%d-3d",water, tick,tick )
lcd gotoxy(0,1};
lcd puts{lced buffer);
1f(S1 == 0}
tick = 0;
1
test = 1;
}
delay ms (100} ;
1
showwdisplay_2();
}
// 51 Select and Show display mode
if (51 == Q)
{
mode _display+t+;
if (mede display > 4)
modé_display = 0;
}
//82 Select and Show control mode
1f{(52 == 0)
{

")



435:
436:
437 :
438:
439:
440:
441 : b

speaker = 1;

mode control++;

if (mode _control > 2)
mode control = 0O;

show_disblayAZ();

delay ms (100} ;

442: //583 Set ON/OFF control
443 if {53 == 0)

244 : {
445:
446:
447;
448:
449;
450:
451 :
452
453:
454 :
455
456
457:
458
459;
460 :
461:
462
463;
464 :
465:
4166:
467
468:
469:
470:
471:
472
4173:
474 ;
475:
476:
477 :
478:
479:
480
481 ;
482
483:
184 :
185:
4186
487 :
188 :
4189:
490:
491:
492 :
493
494
495
196

select = 1;
delay ms(200});
//8et ON/OFF Time
if (mode control == Q)
{
display s = 0;
while(select)
{
1f {51 == 0}
{
if (display s == 0)
{
hour on++;
if(hour on > 23)
hour on = 0;
}
if (display s == 1)
{
min_on++;
if {min on > 59)
min on = 0;
}
if (display s == 2)
{
hour off++;
if (hour off > 23)
hour off = 0;
}
if (display s == 3)
{
min off++;
if (min off > 59)
min off = 0;
}
}
iF (82 == ()
i
if (display s == 0)
{
hour on--;
if {hour on > 250)
hour on = 23;
}
if {display s == 1)
{
min_on--;
if{min_on > 250}
min on = 59;
}
if(display s == 2)
{

hour off--;



497:
498:
499:
500:
501:
H02:
503:
504:
H0%:
506:
507:
508:
509;
510:
511:
512;
513:
514:
515:
516:
517:
518:
519:
520:
521:
h22:
523:
524:
525:
526:
527:
528:
529:
530:
531:
532:
533:
534:
535:
536:
537:
538:
539:
540:
541;
542:
543:
S544:
545:
546;
547
548:
549:
550:
551:
552
553:
554:
5h5:
556
557
558:

}

}

}

if{hourwofi > 2450)
hour off = 23;
t
if (display s == 3)
{
min off--;
if (min off > 250)
min off = 59;

delay ms{100);

displgy_s++;

if (display s > 3]
display s = 0;

if (54 == 0)

{

}

select = 0;
delay ms{100G);

delay ms(100);
data set[0] = hour_onj;
data_ set([1l] = min_on;

data_set[E]

hour off;

data set[3] = min off;

&4

sprintf (lcd buffer, ™ ")
led gotoxy(0,1);
lcd puts(lcd buffer};

I

sprintf(lcd_buffer,"%p =
%02d",DISPLAYWSET[displayés],dataﬁset[display_s});
led gotoxy(0,1):

led puts(lcd_buffer):

//Set ON/OFF Humidity
if (mode_control == 1)

{

display s = 4;
while(select)

{

if (81 == Q)

{

}

if (display s == 4)
{
hu on = hu on +* 1;
if {(hu on > 100}
hu con = a;
}
if{display s == 5]
{
hu off = hu off+ 1;
if (hu off > 100)
hu off = 0;
}

1f {82 == 0)

{

if (display 5 == 4)



559:
560:;
561:
562:
563
564 :
565:
566:
567 :
508:
509:
570:
571+
572:
573:
574:
575:
576:
577
578:
579:
580:

581

e

h82:
583:
584 :
585:
586:
587
588:

589

590:
591:
592:
593;
594:
595:
596;
597:
598:
599:
600:
601:
602:
A03:
604 :
605:
606:

607:

608+
609:
610:
611:
612:

6i3:
614:
615:

616:

0l7:
618:

619:
620:

hu on = hu_on - 1;
if {hu on < 0)
hu on = 100;
}
if (display s == 5)
{
hu off = hu off - 1
if(hu off < 0)
hu off = 100;
}
)
if (83 == 0}
{
delay ms(100);
display s++;
if (display s > 5)
display_s = 4;
H
if{S4 == 0)
{
select = 0;
delay ms(100);
}
delay ms{(100);
//
sprintf (lcd_buffer,” "):
lcd gotoxy{(0,1});
lcd_puts(lcd buffer};
l/
if (display_s == 4)
{
sprintf(lcd buffer,”%p =

%DB.Of%c“,DISPLAY_SET[display_s],hu_on,0x25);

lcd_gotoxy(0,1):

lcd puts(lcd buffer);
1
if (display s == 5]

{
sprintf(lcd_buffer,"%p =

%03.0f%c",DISPLAY_SET[display_S],hu_off,0x25);

}

lcd_gotoxy[O,l):
lcdﬁputs(lcd_buffer);

}

// Set ON/QFF Temperature
if (mode control == 2)

{

display s = 6;
while (select)
{
if(s1 == 0}
{
if (display s == €]
i
temp_ontt;
if (temp on > 1G0)
remp on = 0;
}
if (display s =< 7)
{



621
622:
623:
624
625:
6261
627
628:
629:
630:
631
632
633:
634:
£35:
636:
637:
638:
639:
640:
0dl:
6d42:
643:
644 :
045:
646
647:
648:
649:
650:
651:
652:
653:
659:
655:
656:
657:
658:
659:
660;:
661:
062:
663:
664:
665
066
be7:
668
669:
670:
671:
672
673:
G74:
675:
G76;
677
678
679:
680
681:
682 :

temp off++;
if{temp off > 100)
temp off = 0;

H
}
1£{52 == 0)
{
if (display s == &)
{
temp_ on--;
if (temp on < 0)
temp on = 100;
}
if (display s == T)
{
temp off--;
if{temp off < 0)
temp off = 100;
}
1
if(S3 == 0)

delay ms(100);
display st+;
if (display s > 1)
display s = 6;
}
if(S4 == 0)
{
select = 0;
delay ms{100);
}
delay ms(100);
//
sprintf{lcd butfer,” ")
lcd gotoxy(0,1}:
led puts(led buffer);
/£
if {display_s == 6)
{
sprintf{lcd buffer, "%p =

%OZd",DISPLAY'SET{diSplayﬁs],tempmon};

led gotoxy(0,1):
led puts{lcd buffer);
}
if(display s == 7}
{ 0
sprintf{lcd buffer,"%p =

%OZd",DISPLAYisET[displayus],tempgoff);

led gotoxyiO,1});
lcd puts{lcd buffer);

Show_displayWZ(};

//84 Ser day,date,month,year,time
if ({54 == ([}

fasm("cli™) // disable interrupt

-1
= 0;



683;
684 :
685:
6B6:
687
688
689:
690:
691:
692:
693:
694 :
©95:
096:
097 :
698:
699:
700:
701:
702:
703:
704 :
705:;
706:
707
708:
709:
T10:
T11:
712:
T13:
T14:
T715:
716;
717:
718:
719:
720:
721
T22:
723+
724
725:
726
727
728:
729;
730:
731:
732:
733:
T34:
735+
736
737
T38:
T739:
T40:
Y41
742
T43:
744

display v = 0;

dday = rtc get dayl(};

rtc get date(&dd, &mm, &yy);
rtc:get:time[&hour,&min,&sec);
data value[0] = dday:

data wvalue[l] = dd;

data:value[Z] = mm;
data wvalue({3] = yy:
data value{4] = hour;
data:value[Sj = min;

delay ms{z200};
while(stoper)
{

if (display v == 0)
{
dday++;
if (dday > 7}
dday = 1;

data value[0] = dday:

}
if (display v == 1)
{
dd++;
if{dd > 31)
dd = 1;
data value[l] = dd;
;
if (display_v == 2)
{
mm++;
if{mm > 12)
mm = 1;
data value[2] = mm;
}
if (display v == 3)
{
Yyt+;
if{yy > 99)
vy = 0;
data value[3] = yy;
}
if (display v == 4)
{
hour++;
if{hour > 23}
hour = 0;

data value[d] = hour;

}
if (display v == 5)
{
min++;
if{min > 59)
min = 0;

data value[5] = min;

if (52 == 0)

if ({display v == 0]
i



745: dday——;

T46: if (dday < 1)

747 : dday = 7;

148: data value[0] = dday;
749: }

150: if (display v == 1)

751: {

T52: dd--;

153: if {dd < 1)

154 dd = 31;

755: data value[l] = dd;
756 ) -

757: if (display v == 2)

758 { N

159:; mm-—-;

760: if (mm < 1)

761: mm = 12;

762: data valuel[2] = mm;
763: } B

764 if (display v == 3)

T65: {

T66: yy-=;

767: if(yy > 250)

168: yy = 99;

769: data value[3] = yy;
T70: }

771 if (display v == 4)

172 { -

173: hour--;

774: if(hour > 250}

175: hour = 23;

776: data valuefd4] = hour;
777: } B

778 if{display v == 5)

779: { h

T80: min--;

781: if{min > 250)

182: min = 59;

183: data value([5] = min;
784 : }

785: }

7B6: if {33 == 0)

187; {

TBB: display v++;

T89; if (display v > 5}

790: display v = Q.

791: delay ms (100);

792: }

793; if (54 == 0)

794 stoper = 0;

7951 7/

796; sprintf{lcd buffer,” ")
797: lcd gotoxy (0,0}

198: 1cdiput5(1cd_buffer);

799: if (display v == 0}

800: {

BO1: ddday = data valueldisplay v];
802 : sprintf{lcd buffer,™ %p = %ip

803: ",DISPLAY VALUE(display v],DAY(dddayl);

804: }

BOS: else sprintf{lcd puffer,” ¢p - %02d
B06: ",DISPLAY_VALUE[diSplayﬁv},dataivalue[display_v]);



BO7: led gotoxy(0,0)

808 : lcd:puts(lcd_buffer);
809: delay ms{100);

810: } B

B11: set day{dday);

812: rtc set date(dd,mm, yy):
813: rtc set time (hour,min, 0);
814: fasm{"sei")

815: }

B16: delay ms{(100);

B17: } n

818: /f

819: // RUNING MODE
§20: RUNNING MODE ()

821: {

822: fleat hul;

B23: int templ;

824: unsigned char hl,ml,sl;

825: // RUNNING MODE 1 (TIME)

B26: if (mode control == 0}

827: { B

828 rtc_get time{shl,sml, &s1);

B29: if (hl1 == hour on)

B30: {

B31: if(ml == min on)

832; { -

833: relay = 0; // ON RELAY
834: if{tick > 60)

B35: {

B36: tick = 0;

B837: water = read adc(7};
838: if (water < 500}

B839: {

840: speaker = 0; // ALARM ON
§41: }

B42: }

843: if{tick >= 5}

B44: {

B45: tick = 0O;

B46: speaker = 1; // ALARM OFF
847: }

848 }

349: }

850: if{hl == hour off)

851 {

852 if{m]l] == min off)

853: relay = 1; // OFF RELAY
854: }

B55: }

856: // RUNNING MODE 2 (BUMIDITY)

857: if (mode control == 1)

858 { N

859: hul = read hu{);

360 hul = {hul*100)/2.5;

861: if (hul <= hu on)

B62: { B

863 relay = 0; // ON RELAY
564 ; ifitick > &0Q)

He5: {

Hao6: tick = 0;

867: warer - reacd ade({7);

H68: if (water < S00)



B&9:
B70:
B71:
B72:
873:
g71:
875:
476
a77:
874 :
B79:
880:
BB1:
882:
883:
884 :
485:
BB6:
BB7:
BBB:
BB9:
890:
891:
892:
893:
894:
B95:
B96:
897:
898:
899;
900:
901:
902:
903:
904 :
905:
906:
907 :
904 :
4909:
910:
9113:
912:
913:
914:
315:
31e:
917:
318:
919:
920:
921:
922:
923:
924
925:
926:
927:
928:
929:
930:

1
//
£

speaker = 0; // ALARM ON

}
if (tick >= 5)

1; // ALARM QFF

1
if(hul >= hu off)
relay = 1; // OFF RELAY

}
// RUNNING MODE 3 {TEMPERATURE)
if {mode control == 2)
{

templ = read temp{):

templ = templ/10;

if (templ <= temp on)

{

relay = 0; // ON RELAY
if (tick > 60)
{
tick = 0;

water = read_adc(7);
if (water < 500)

{
speaker = 0; // BLARM ON

}

}

if (tick  >= 5)

{
tick = 0;
speaker = 1; // BRLARM QOFF

}

]
if {templ >= temp off)
relay = 1; // OFF RELAY

}

External Interrupt 0 service routine

interrupt [EXT INTO)] void ext int0 isr{void)

{

}
//

show display 1();
LED = 0; N
tick++;

tiCk_++;

void main (void)

{

//
/i
;o
/
7/

Declare your local variables here

Input/Output Ports initializalion
Port A initialization )
FuncO0=1n Funcl=In FuncZ2=In Func3=In Funcd=In Func%=In Funcét=In

Func7=In

7/

StateD=T Statel=T State2=T Statel3 T Statred=T Stateb=T Stateo~T

State7=T

PORTA=0x00;
DDRA=0x00;



931:
932:
933:
934
935:
936:
937:
938:
939:
940
941:
942:
943:
944:
945;
946:
947
948:
949;:
950:
951:
952:
953:;
954:
955:
956:
957:
958:
959;
960;
961:
962:
963:
964 :
965;
966
967 :
968:
969:
970:
971:
972:
973:
974:
975:
976:
977:
978+
979:
9B0;
9B1:
982 :;
983:
984 :
985:
986
987:
988 :
989:
990 :
991
992 ;

//
// Port B initialization
// FuncO=In Funcl=In FuncZ2=In Func3=In
Func7=1In
// State(=T Statel=T State2=T State3=T
State7="7

PORTB=0x00;

DDRB=0x18;
/7
// Port ¢ initialization
// Func0=In Funcl=In Func2=1n Func3-In
Ffunc?7=1In
// State0=T Statel=T State2=T State3=T
State?7=T

PORTC=0x00;

DDRC=0x00;
//

// Port D initialization

Funcd=In

Stated=T

Funcd=1In

Stated=T

Func5=In

StateS5=T

Funcb5=In

Stateb=T

Funce=In

State6=T

Funce=In

State6=T

// FuncO=0ut Funcl=0Qut Funz2=In Func3=In Func4=In FuncS5=In

Func6=In Func7=0ut

// StateD=1 Statel=l State2=T State3=T Stated=T State53=T Stateb=T

State7=1
PORTD=0xFB;
DDRD=0x83;

/o

// Timer/Counter 0 initialization
// Clock source: System Clock
// Clock value: Timer 0 Stopped
// Mode: Normal top=FFh
// OCO output: Disconnected
TCCRO=0x00;
TCNTO=0x00;
OCRO=0x00;
//
// Timer/Counter 1 initialization
// Clock source: System Clock
// Clock value: Timer 1 Stopped
// Mode: Normal top=FFFFh
// OC1A output: Discon.
// OC1B ocutput: Discon.
// Noise Canceler: Off
// Input Capture on Falling Edge
TCCR1A=0x00;
TCCR1B=0x00;
TCNT1H=0x00;
TCNT1L=0x00;
OCR1AH=0x00;
OCR1AL=0x00;
QCR1BH=0x00;
QCR1BL=0x00;
//
// Timer/Counter 2 initialization
// Clock source: System Clock
f/f Clock value: Timer 2 Stopped
// Mcde: Nermal top=FFh
// 0OC2 outpul: Discennected
ASSR=0x00;
TCCR2=0x00;
TCNT2=0x00;
OCR2=0x00;
//

// External Interrupt({s} initialization



993: // INT(: On
994: // INTO Mode: Falling Edge ,Any chance
995: // INT1: Off
896: // INTZ: Off

397 GICR|=0x40;
998: MCUOCR=0x02; // MCUCR=0x01;
999: MCUCSR=0x00;
1000: GIFR=0x40;
1001: //
1002: //

1003: // Timer({s)/Counter({s) Interrunt(s) initialization

1004: TIMSK=0x00;

1005: //

1006: // Analog Comparator initializalion

1007: // Analog Comparator: Qff

1008: // Analog Comparator Input Capture by Timer/Counter 1: Off
1009:; // Analog Comparator Output: Off

i010: ACSR=0x80;
1011: SFIQR=0x00;
1012: //

1013: // ADC initialization

1014: // ADC Clock freguency: 125,000 kHz
1015: // ADC Voltage Reference: AREF pin
101e6: // ADC High Speed Mode:; Off

1017: // ADC Auto Trigger Source: None

1018: ADMUX=ADC_VREF_TYPE;
1019: ADCSRA=0x85;

1020: SFIOR&=0xEF;

1021: //

1022: // 12C Bus initialization
1023: i2¢ init{};

1024 //

1025: // DS1307 Real Time Clock initialization
1026: // Square wave output on pin SQW/0OUT: On
1027: // Square wave frequency: 1Hz

1028: rtc init(0,1,0);

1029: //

1030: // LCD module initialization
1031: lcd init{16);

1032: //

1033: // Global enable interrupts
1034 : mode display = 0;

1035: mode control = 0;

1036: hu on = 0;

1037: hu:off = 0;

1038 temp on = 0;

1039: temp off = 0;

1040: hour on = 0;

1041: min on = 0;

1042: hour off = 0;

1043: min off = 0;

1044: tick = 0;

1045: tick = 0;:

1046: relay = 1;

1047: //

1048: load data();

104%: sprintf(lcd buffer,” ")
1050: lcd gotoxy(ﬁ,O];

1051: led puts(led buffer);
1052: sprintf(led buffer,” WATER CONTROL ");
1053: lecd gotoxy (0,0);

1054 lcd puts(lcd buffer);



1055
1056:
1057:
1058:
1059:
1060
1061:
1062:
1063:
1064:
1065:
1066:
1067:
1068B:
1069;
1070:
1071: 1}
107z:

sprintf(lcd buffer,”
lcd gotoxy(0,1);
led puts{lcd buffer);
sprintf(lcd bufter,” FOR GARDEN
lcd gotoxy(0,1);
lcd puts(led butfer);
delay ms(2000);
show display 2():
fausn{"sel")
while (1)
{
// Place your code here
SWITCH EXE();
RUNNIMG MODE() ;
save_da?a();
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{1

atures

{igh-performance, Low-power AVR® 8-bit Microcontroller
Advanced RISC Architecture
— 131 Powerful tnstructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
- Fulily Static Operation
— Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
Nonvolatile Program and Data Memories
— 16K Bytes of in-System Self-Programmable Flash
Endurance: 10,000 Write/Erase Cycles
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— 512 Bytes EEPROM
Endurance: 100,000 Write/fErase Cycles
- 1K Byte Internal SRAM
- Programming Lock for Software Security
JTAG (IEEE std. 1149.1 Compliant} Interface
~ Boundary-scan Capabilities According to the JTAG Standard
- Extensive On-chip Debug Support
— Programming of Ftash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
Peripheral Features
— Two 8-bit TimerCounters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Four PWM Channels
— B-channel, 10-bit ADC
8 Single-ended Channeis
7 Differential Channets in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
— Byte-oriented Two-wire Serial Interface
~ Programmable Serial USART
~ Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-<chip Analog Comparator
Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Intemnat Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
IO and Packages
— 32 Programmabile /O Lines
— 40-pin PDIP, 444ead TQFP, and 44-pad MLF
Operating Voltages
-~ 2.7 - 5.5V for ATmegal6L
— 4.5 -5.5V for ATmegalt
Speed Grades
— 0 - B MHz for ATmegal6i
— 0 -16 MHz for ATmegal6
Power Consumption @ 1 MHz, 3V, and 25°C for ATmega16L
— Active: 1.1 mA
~ Idle Mode: 0.35 mA
— Power-down Mode: < 1 pA

AlMEL

Y -

8-bit AVR"
Microcontroller
with 16K Bytes
In-System
Programmable
Flash

f ATmega16
ATmega16L

Preliminary

Summary

Rev. 2466FS-AVR 0201

Note: Fhisis a summary doaumert. A complele documentts
avalable on ourweb site at www.atnel.com.



n Configurations

disclaimer

ATmega16(L)

AIMEL

Figure 1. Pinouts ATmegai6

POIP
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{OCO/AINY) PBI ] 4 37 [0 PA3 (ADC3)
(S5) PB4 [} 5 36 {0 PA4 (ADC4H)
{MOSI) PB5 [[] 6 35 [71 PA5S (ADCS)
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RESEV (1 9 32 [J AREF
VCC I 10 31 [ GND
GND 71 11 30 [ AVCC
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XTALT O] 13 28 [0 PCB (TOSCH)
(RXD) PDO (] 14 27 1 PC5 (TDI)
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(INTO} PD2 7] 16 25 I'1 PC3 (TMS)
(INT1) PR3 ] 17 24 [7 PC2 (TCK)
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Tybical values contained in this data sheet are based on simulations and characteriza-
tion of other AVR microcontrollers manufactured on the same process technology. Min
and Max values will be available after the device is characterized.

[

2466 F S-AVR-02/0]



s A TMega16(L.)

verview The ATmega16 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced
RISC archiiecture. By executing powerful instructions in a single clock cycle, the
ATmega16 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

ock Diagram Figure 2. Block Diagram
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in Descriptions
cc
ND

ort A (PAT..PAQ)

AIMEL

The AVR core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resulting architecture is more code efficient while achiaving throughputs up to
ten times faster than conventional CISC microcontrollers.

The ATmega16 provides the following features: 16K bytes of In-System Programmable
Flash Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K
byte SRAM, 32 generai purpose I/O lines, 32 general purpose working registers, a
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible TimerfCounters with compare modes, Internal and External interrupts, a serial
programmabie USART, a byte oriented Two-wire Seral Interface, an 8-channel, 10-bit
ADC with optional differential input stage with programmable gain (TQFP package only),
a programmable Watchdog Timer with Internal Osciliator, an SPI serial port, and six
software seleclable power saving modes. The Idie mode stops the CPU while allowing
the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters, SPI port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling all other chip functions until the next External
Interrupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues
to run, allowing the user to maintain a timer base while the rest of the device is sleeping.
The ADC Noise Reduction mode stops the CPU and all IO modules except Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
mode, the crystalfresonator Oscillator is running while the rest of the device is sleeping.
This allows very fast start-up combined with low-power consumption. in Extended
Standby mode, both the main Oscillator and the Asynchronous Timer continue to run.

The device is manufactured using Atmel's high density nonvolatile memory technology.
The On-chip ISP Flash allows the program memory to be reprogrammed in-system
through an SPI seral interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core. The boot program can use any
interface to download the application program in the Application Flash memory. Soft-
ware in the Boot Flash section will continue to run while the Application Fiash section is
updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Sel-Programmable Flash on a moneiithic chip, the Atmel ATmega16 is
a powerfui microcontroller that provides a highly-flexible and cost-effective solution to
many embedded control applications.

The ATmega16 AVR is supported with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, In-Cir-
cuit Emulators, and evaluation kits.

Digital supply voitage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional I/Q port, if the A/D Converter is not used.
Port pins can provide internal puli-up resistors (selected for each bit). The Port A output
buflers have symmetrical drive characteristics with both high sink and source capability.
When pins PAQ to PA7 are used as inputs and are extemally pulled low, they will source
current if the internal puli-up resistors are activated. The Port A pins are tri-slated when
a reset condition becomes active, even if the clock is not running.

ATmegai16(L) m———————————
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rt C {PC7..PCO)

rt D (PD7..PD0)
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Port B is an B-bit bi-directional /O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characleristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B also serves the funclions of various special features of the ATmega16 as listed
on page 56.

Port C is an 8-bit bi-directional VO port with internal publ-up resistors (selected for each
bit). The Port C output buffers have symmetrical dnve charactenistics with both high sink
and source capability. As inpuls, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the ciock is not running. If the JTAG interface is
enabled, the pull-up resistors on pins PC5(TDI), PC3{TMS) and PC2(TCK) will be acti-
vated even if a reset occurs,

Port C also serves the functions of the JTAG interface and other special features of the
ATmega16 as listed on page 59.

Port D is an 8-bit bi-directional /O port with internal puil-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are exteraally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes actlive, even if the clock is not running.

Port D also serves the functions of various special features of the ATmega16 as listed
on page 61.

Reset Input. A low Jevel on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum puise length is given in Table
15 on page 36. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.
Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. it should be externaily
connected to Ve, even if the ADC is not used. If the ADC is used, it should be con-

nected to V¢ through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.

This documentation contains simple code examples that briefly show how to use various
parts of the device. These code examples assume that the part specific header file is
included before compilation. Be aware that not all C Compiler vendors include bit defini-
tions in the header files and interrupt handling in C is compiler dependent. Please
confirm with the C Compiler documentation for more details.

AIMEL 3



agister Summary

Address Name Bit? Bt 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Page

$3F ($5F) SREG 1 T H s v N z 3 7

$3IE ($5E) SPH —~ — — - - SP10 SP9 SP8 10

330 ($50) SPL SPy SPE SPS 5P SP3 SP2 SP1 SPD 10

$XC ($5C) OCRO Timer/Counterd Dutpul Compare Regrster a2

$3B ($5B) GICR INT1 INTO INT2 - - - WSEL WLE 46, 66

$3A ($5A} GIFR INTF1 INTFD INTF2 - - - - _ 57

$39 (359} TIMSK QCIEZ TOE2 TICIEY OCIE1A QCIE 18 TOIEt OCIEQ TOIED 82. 113, 11

$38 ($58) TIFR OCF2 TOVZ2 K1 OCF1A OCF 1B TOVY QOCF0 TOVO B3, 114,132

$37 (357) SPMCR SPMIE RWWSH - RWWSRE BLBSE 1 PGWRT PGERS SPMEN 250

$35 ($56) TWCR TWINT TWEA TWSTA TWSTO TWWE TWEN - TWIE 79

$35 ($55) MCUCR SM2 SE SM1 SMD 18CN $5C10 1S5C01 15000 30, 65

534 (554) MCUCSR JTD ISC2 —- JTRF WDRF BORF EXTRF PORF 39, 66, 230

$33(553) TCCRO FOCO WGEMO0 COMO1 COMOD WGEMO1 Cs02 Cs01 CS00 80

$32(352) TCKTO Timer/Counterl (& Bits) 82
p—— OSCCAL Osciliator Calibration Register 28 e

OCDR On-Chip Debug Register 226

$30 (350) SFIQR ADTS2 ADTS1 ADTSD - ACME PUD PSR2 PSR10 55,85,133,200,220

$2F ($4F) TCCR1A COM1AY COMEAQ COM1B1 COM1B0 FOC1A FOCIB WGM11 WGEM10 108

$IE (4E) TCCR1A IGRC1 ICEST - WGM1 WGM1Z Ccs12 csn csio m_ |

£20 (34D TCNTIH TirmerCounter] — Counter Registar High Byte 112

326 (54C) TCNTIL TirmerAC ounter] — Courer Register Low Byle 112

$2B ($48) OCR1AH TrmeriCounter1 — Output Compare Register A High Byte 112

$2A [S4A} OCR1AL Timer/Counter1 — Output Compare Register A Low Byte 112

$25 (A% CCR1BMH Temer/Counter 1 — Output Compars Register B High Byte 112

528 ($48) OCRIBL | Tmer/Counter] - Oulput Compare Register B Low Byte 112

527 (547) ICR1H Times/Counter] — Irput Caplure Register High Byle 113

$26 ($46) ICR1IL Tiener/Counter! — Input Caplure Register Low Byle 13

$25 (545) TCCR2 FOC2 | WGM0 | COM21 |  COM20 WGM21 csz | osn €520 126
_$24(844) TCNT2 TimerCountes2 (8 Bits) 128

$23 (543} ocR2 TimerCounter? Output Compare Regisier 128

$22 ($42) ASSR - - - - AS2 TeN2UB OCR2UR TCR2UB 129

$21 (341} WOTCR - - - WDTOE WDE WDP2 WOP1 WDPG 41
$20° (40P UBRRH URSEL -~ - - UBRR[11:8] 166

UCSRC URSEL UMSEL UPM1 UPMO usges UCSZ1 UCSZ0 UCPOL 164

S1F (§3F) EEARH - - - - - - - EEARS 17

$1E ($3E} EEARL EEPROM Address Regisier Low Byte 17

$1D (530} EEDR EEPROM Data Register 17

$1C (33C) EECR - — — — EERIE EEMWE EEWE EERE a7 |

$1B (538 PORTA PORTAT PORTAS PORTAS PORTA4 PORTA3 PORTAZ PORTA1 PORTAD 62

A (S3A) DDRA DDATY DDAGE DOAS DDA4 DDA3 DDAZ DDA DOad 63

$19(539) PiNA PINAT PIRAG PINAS PINA4 PINAJ PINA2 PINAT PINAD 63 ]

$18(338) PORTHB PORTB7 PORTBS PORTBS FORTE4 PORTE3 PORTB2Z PORTBA PORTBO 63

$17 (537} DORB DOBY D086 Dpas DDB4 oDB3 DDB2 DDB1 DDBD 83

$16 (336) PiNB PiNB7 PINBS PINBS PB4 PINB3 PINE2 PINBY FiNBO &4

$15({335) PORTC PORTC? PORTCS PORTCS PORTCA4 PORTC3 PORTC2 PORTCH PORTCO 64

$14 {334) DORC DRCT DDCE DDCS DDCA DDC3 DOC2 oo DOCO &4

$13{$33) PINC PINC7 PINCS PINCS PiNC4 PINC3 PINC2 PINC1 PINCO B4

$12{332) PORTD PORTO? PORTDE PORTDS PORTDS PORTD3 FORTD2 PORTIN PORTDO B4

$11(331) CORD Doo7 DOD6 DODS DDD4 [a]ouk] DDD2 oDDY DDDa 64

$10(330) PIND PIND7 PINDE FINDS PIND4 PIND3 PIND2 PINDY PINDO o4

SOF {32F) SPDR SPi Dets Regsier 140

30E {32E} SPSR SPIF WCOL - — - - - SPr2X 144

$0D (520) SPCR SHE SPE DCRO MSTR CPOL LPHA SPR1 SPRD 138

$0C ($2C) uDR USART 1X0 Data Register 161

$08 (328} UCSRA RXLC TXC UDRE FE DOR PE 12X MPCM 162

$0A (S2A) UCSRB RACIE TXCHE UDRIE RXEMN TXEN UCsZz2 RXB3 TXBB 163

509 {529} UBRRL USART Baud Rale Regisier Low Byte 166

308 ($28) ACSR ACD ACRG ACO ACH ACIE ACIC ACIST ACISD 200 _

507 (327) ADMUX REFS1 REFS0 ADLAR MU M3 M2 MUX 1 MUXD 216

506 [$26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 218

305 ($25) AGCH ADEC Data Register High Byte 219

504 (524) ADCL ADC Daia Regster Low Byle . 219 o

503 (323 TWDHR Two-wire Serial Interface Dala Register 141 _

5021327) TWAR TWAB TWAS | Twaa | Twal TWAZ TWAl | Twao FWGCE 161

e

ATme a1 6( L)  mm————————— e ———
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Address Name Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Page
01 {321} TWSHR Tws? TWS6 TWS5 Twsa TWS3 - TWPS1 TWPS0 180
$00{320) | TwmR Two-wire Serial Interface Bit Rate Register 179
#es: 1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the debug-
ger specific documentation for details on how lo use the OCDR Register.
2. Reler to the USART description for details on how to access UBRRH and UCSRC.
3. For compalibitity with future devices, reserved bits should be written to zero if accessed. Reserved /O memory addresses
should never be written.
4. Some of the status flags are cleared by writing a logical one to them. Nete that the CBI and SB! instructions will operate on

AGBFS AVR-02/03

all bits in the IfO register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers 300 to $1F only.
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struction Set Summary

ATMEL

nemonics Operands Description Operation Flags #Clocks
_llTHNETLC AND LOGIC NSTRUCTIONS

] Rd, Rr Add bwa Registars Rd e~ Rd +Rr ZLNVH P
I Rd, Rr Add with Carry two Registers. Rd¢ RdtRr+C Z.CNMH 1

W RAiK Add Immediate ko Word RohRel  RonRdl + K ZONVS 2 ]
8 Rd, Rr Sublraci twa Registers Rd+ Rd - Rr Z2,CNVH 1

] Rd, K Subtract Constant fmm Regisier Rd+ Re - K Z.C.NVH L]

3 Rd, Rr Subtract with Carry two Regislers Rd« Rd-Rr-C 2.C.NVH 1

2] Ro. K Subtract with Carry Coaslart from Reg Rd« Rd-K-C ZCNVH 1

W R K Subiract lmmedgiate from Word Rdh Rdl «— Rdh Rl - K ZONVS 2

D Rd, Rr Logcal AND Registers, Rd «- Rd « Rr ZNV 1

L i ] Rd. K Logical AND Register and Conslant Rd «— Rd » K ZNV 1

2 Rd, Rr Logaeal OR Regislers Rd e Rd v Rr ZNV 1

il Rd. K Logicat OR Regisler and Constant Rde- RdwK ZNV 1

IR Rd, Ry Exclusive OR Ragisters Rd+ Rd & Rr ZNV 1

I Rd One's Complement Rd+ $FF —Rd ZCNV 1 |
G Rd Twi's Complemaent Rd+ $00 - Rd Z,CNVH i} m-i
3R Rd,K Set Bils] in Register Rd+— REvK ZNV 1

IR Rd K Clear Bitfs) in Register Rd+ Rd e (SFF - K} ZNV k]

C Rd Increment Rd+ Rd +1 ZMNV 1

=G Rd Decemert Rd+ Rd -1 ZNV 1

3% Rd Test for Zero or Minus Rd + Rd = Rd ZNY 1 ]
LK Rad Clexw Registar Rd « Ro & Rad ZNV 1

£R Rd Sel Register Rd « $FF Nong 1

uL Rd, Rr Muttiply Unsigned R1:RC«— RdxRr 24 2

us Rd, R Muttiply Signed R1:R0 + Rd x Rr zZe 2

ULSU Rd. Rr Muttiply Signed with Uinsigned R1:R0 — Rd x Rr Z0 2

ML Ra, Rr Fractional Muttipy Unsigned R1:R0 « (Rd x Rr} << 1 Z.C 2

MULS Rd. Rr Fractional Mulbply Sighed R1:RO « (Rd 2 Rr} << ] ZC 2
MULSLE Rd, Rr Fractional Multiply Signed with Linsignad R1:RO « {Rd x Rr) << 1 ZC 2
RANCH INSTRUCTIONS

JMP L Retative Jump PC+ PC +h +1 Mone 2

[ Indwrect Jump to (Z) PCe—Z None Z

W [3 Diredt Jump PC—k MNone 3

CALL k Relative Subrouting Cal PC—PCrkt1 MNone 3

ALL Indirect Call to (Z} PC—Z MNone 3

ALL k Direct Subroutine Call PC «—k None 4

(3] Subroutine Redum PC + STACK None 4

£71H Inerrupt Retum PC « STACK | 4

PSE Rd.Rr Compare, Skip if Equal HRI=RAPC+PC+20v3 Nona 11243

P Rd.Rr Comgare Rd- Rr Z NV.CH 1

P Rd,Rr Compare with Cary Rd-Rr-C Z NV.CH

P Rd, K Compare Register with imwnad sle Rd - K 2, NV.CH

BRC Rr, b Skip if Bt in Hegistar Cleared T{Rb}=0)PC+ PC+20t 3 None 1/213
BRS Rr. b Skip if Bit in Regisler is Sel H{R{b}=1)PC+—PC+20r3 Nong 1/243
BIC P.b Skip # Bit in VO Register Cieared it (Pb}=0) PC~PC +20r3 None 1/2/3
BIS P. b Ship ¥ Bit in VO Register is Set fPBENPC—PC+20rd Norier 11213
RBS s, h Branch if Status Flag Set IH{SREG(s) = 1) than PC—PC+k + 1 None \ix4
RBC 8.k Branch if Status Flag Cleared iF{SREG(s} = {) then PC— PC+k + 1 None 1/2
IREQ k Branch i Equal W{Z=1)then PC—PC+k+1 None 142
iRNE k Branch it Not Equat it{Z=0)then PC+PC+k+ 1 Norwg 112
IRCS K Branch if Carry Set iE{C= 1) then PC+ PC+k+1 None 142
RCC k Branch # Cany Cleared HC=0ythenPC— PC+k+ 1 None 142
WEH k Branch if Same ar Higher HIC=0)then PC+-PC+k+1 None 142
RLG k Branch if Lowes FC=1thenPC - PC+k+1 None ti2
IRM k Branch if Minus IF(N=1)hen PC— PC+k+ 1 Nane ‘FJZ_1
IRPL k Branch if Plus fN=0)henPC+- PC+k+1 None Viz
IRGE k Branch il Greater or Equal, Signed it (N 41 V= 0} then PC o PC + k + 1 None 142
RLT k Branch it Less Tran fero, Signed #NLV=1tthenPCe PCrk+1 Nowne 142
RHS K Branch il Halt Camy Flag Set dfH= ) hen PCe- PCrk+1 Nane 1iz
RRC k Branch il Hall Carry Flag Cieared H{H=0)then PC+ PC+k+1 Nona /2
IRTS K Branch il T Fiag Set d(T=1)henPC+— PC+k +1 None H?__
1RTC k Branch d T Flag Cleared W{T=MhenPC—PC+k+1 Nane /2
IRVS K Branch it Overflow Flag s Set AV -NhanPCy PC+ R+ 1 None 112
ARVC k Branch il Overflow Flag is Clearsd dfv=0)thenPC+ PC ok + 1 Nane /2

ATmega16(L) mee—ec—————
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nemonics | Operands Description Operation Flags ¥Clocks
UE k Branch if iterrupt Enabled f(l=1}thenPC+ PC+k+1 None 172

HD ] Brar.l_d'l_i'llmerruplDisaliaﬂ A(1=0)then PC &« PC + k+ 1 Mone 112

iTA TRANSFER ISTRUCTIONS

N Rd. Rr Mave Setween Registers Rd « Rr Nore 1

VW Rd, Rr Copy Register Word Rd+1:Rd «- Rr+1:Rr None 1

1] Rd. K Load mmediate Rd - K None 1

) - Rd, X Load Indirect Ad + [X] HNone 2

3 Rd, X+ Load indirect and Past-tnc. Rde-(X), X e X +1 None 2

) Rd. - X Load mdirect and Pre-lec Ae X-1, Rde (X} None 2

) Rd. ¥ Load ndinect Rd « (Y) Nane 2

] - Rd, ¥+ Load ndirect and Post-Inc Ro« (¥Y),Ye ¥+1 None 2

) Ro.. ¥ Load Indirect and Pre-Dec Yo Y. 1, Rd e (Y} Mone 2

0 Re.Y+q Load indirect with Displacement Rd « (Y +q) Nona 2

1 Rd, Z Load Indirect Rd :- (Z) None 2

) R, Z+ Load Indirect and Posi-nc. Rd « {2), Z 741 None 2

} Rd. -Z Load indirect and Pre-Dec. Ze- Z-1.Rd« {&) Hone 2

b0 Rd, Z+g Load Indirect with Displacement Rd e {Z +q) Mone 2

3% Rd. & Load Drrect from SRAM Rd « (k) Nonge 2

I X fr Store Indirect {(X}+ Rr None 2

r X+ Rr Srones Indrect and Post-inc (Xj—Rr, X X 11 Nane 2

I - X Rr Store Indirect and Pre-Oec X X-1,(X)~ Rr None 2

L Y Rr Store Indrect {(Y)+ Rr None 2

{ ¥+, Rr Store Indirect and Post-Inc. {(Y}e-Rr, YY1 None 2

L -Y. Rr Store Indract and Pre-Dec. Ye ¥Y-1.(Y)e-Rr None 2

i ¥+q.Rr Store Indirect with Displacement (Y + g} Rr None 2

1 L Rr Store Indrect {Z2)e- Rr None 2

T Z+. Rr Stave Indirecl anxt Post-inc. (Z)—Rr ZeZ+1 None 2

T -Z. Rr Store Indinecl and Pre-Dec. 2Ze-Z-1, {2} Rr Kone 2

TL: ZrgRr Store Indirect with Displacenent {Z+q)- Rr Nong 2

15 k, Rr Store Dwect o SRAM {k} — Rr None 2

M Load Program Memory RO« (Z} None 3

M Rd, Z Load Program Memory Rd « (£} None 3

M Rd. 2v toad Program Memory and Post-tng Rd « (Z). Z « Z+1 None ]

PM Store Program Memory (2} — RT:RO None -

{ Rd, P in Por Rd« P MNone 1

Ut P, Rr Out Port P+ Rr Nors 1

USH Rr Push Register on Stack STACK « Hr MNone 2

QF Rd Pog Register from Stack Rd e STACK Noré 2

IT AND Bi1-TEST INSTRUCTIONS

B P.b Set Bit in O Register VOP.bB) — 1 None 2

B Pb Clear Bit in UG Register WO(P.b) — D Norie 2

5L Rd Logical Shift Lett Ra({r+1) + Rd(n). Ro{D} « D ZONY 1

SR Re Logical Shift Righl Rd{n) — Rd(m+1}, RS 7}« D ZLHNY 1

oL Ra Rotate Left Through Camy Rd(0x - G.Re{n+1)}— Rd{n).C+ Rd(7) ZLNV 1

OR Rd Rotate Right Through Carry Rd{7h—C.Rd{n)k- Rdin+1}.CR0) LNV 1

SR Rd Asrithmetic Shift Right Rd(n) «- Rd{r*1), n=0.6 ZLNV 1
WAP Rd Swap Nibbles Rd(3..0)—Rd( _4).RA(7. 4) Ro(3.0) None 1
SET s Flag Set SREG(S)« 1 SREG{S) 1
{CLR s Flag Clear SREG(s)+ 0 SREGs) 1
15T Rr.b Bit Store from Regster to T T « Rrity) T 1
no Rd. b Bt load frorm T o Register Rdit)« T Mone 1
EC Set Carry C+—1 c 1
G Clear Camy Ce0 C 1
sEN Set Negalive Flag N+ 1 R 1
LN Clear Negalive Flag N—§ N 1
iEZ Set Zem Flag et z LI
Az ; Clear Zero Flag 20 Zz 1
] Global Infernupt Enable 11 N ! 1
oLl Global Inlerrupt Oisable I« € I oo
S - Set Signed Test Flag M Se1 5 [
s Cilear Signed Tesi Flag 5+ 0 S 1
SEV Set Twos Complerment Cverflow. Ve 1 v 1
LV N Ciear Twos Complement Dverflow Ve 0O v 1
3ET Set Tin SREG T 1 T 1
ILY Clear Tin SREG T0_ T 1
S5EH Set Half Carry Flag in SREG H 1 H 1

9
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Memonics Operands Description Operation Flags #Clocks
H Clear Half Carry Flaq in SREG H+0 H 1

U CONTROL INSTRUCTIONS

> No Operation None LI
EEP Sleep {ses specific descr. for Sleep funclion} Nonre 1

DR Watchdog Reset {see specific descr. for WDRMAimer} None 1
IEAK Break For On-Chip Debug Only None NiA

0 ATmega16(L) s ———————————————
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rdering Information

Speed (MHz) ‘T Power Supply Ordering Code l Package Operation Range
8 27-55v E ATmegalGL-BAC 44A Commercial
i ATmegaiGL-BPC ! 40P6 (0°C to 70°C)
i ATmega16L-8MC ¢ 44M1
i ATmegal6L-BAI | 44A Industrial
| ATmegal6L-8PI ! 40P6 {-40°C t0 B5°C})
| ATmegalbL-8M| | aaM
16 45-55Y : ATrnega16—16AC 44A Commerciat
ATmegal16-16PC L 40P6 (09C to 70°C)
ATmega16—16MI i 44M1
ATmegai6-16Al 44A Indusirial
. ATmegal6-16PI 40P6 (-40°C to 85°C)
! ATmega16-16MC 44M1
Package Type
44A i 44-lead, Thin (1.0 mm} Plastic Gull Wing Quad Flat Package (TQFP) ]
40P6 40 -pin, 0.600" Wide, Plastic Dual Inl|ne Package (POIP) i
44M 1 ¢ 44-pad, 7 x 7 x 1.0 mm body. lead pitch .50 mm, Micro Lead Frame Package {MLF) ) o

1BIFS -AVR-02/03
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AIMEL

ickaging Information

A

Noles: 1. This package conforms lo JEDEC reference MS-26, Variation ACB.
2. Dimensions 01 and E1 do not include mold profrusion. Allowable
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum
plastic body size dimensions induding mold mismatch.
3. Lead coplananty is 0.10 mm maximum.

PIN 1 i
AS
B
PIN 1 IDENTIFIER 1
i
e E1 E
¥
)
I
!
- D -
c ' o-7 |
V! P
i
» Al OA2

A
COMMON DIMENSIONS
{Unit of Measure = mim})

SYMBOL| MIN  NOM | MAX | NOTE
A - - [
At a5 - 01s i
A | 0% 100 105 |
0 175 12000 1225
Df 990 100D | 10.10 | Nole2
E | 175 1200 1225

E1 | 930 1000 ; 1010 |Noie2
B aX - o045 ‘

_ c _am - ax
L 645 - 07|
T

10/5/2001

© {TITLE
A 325 Orchard Parkway

. 3an Jose, CA 595131

448 44-1ead, 10 x 10 mm Bady Size, 1.0 mm Bogy Thickness,
0.8 mm Lead Pitch, Thin Profile Piastic Quad Flat Package (TQFF)

444

DRAWING NO. |REV.

B

ATmega16(L) msse————————————
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! PIN

I , oL !

B BRSNS LA i U BN N & DA
| \ \\ ! *
N N

! ’/. | ‘ Et

‘ . :

R R T TR IR A a

7 COMMON DIMENSIONS
; j ®~15° REF {Unit of Measure = mm)
C ‘ﬁj" T \._, L_./ T —r
L {SYMBOL, MIN | NOM  MAX | NOTE
. B - A - - 4.826
A 0p3asy - -
D 52070 | - 52578 |Note?
B 15240 | - 15875
E1 ! 13462 | -  13.970 | Note2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference MS-011, Variaton Ac B 1 '04* | - 1651
2. Dimensions D and E1 do nolincude mold Flash ar Protrusion. oL 148 - 3.556 B
Mold Flash ar Protrusion shall not exceed 0.25 mm (0.010%). i c 0.203 _ 0.381
6B 115434 | - 1752
e 2540 TYP
}
1
09/26/01
TITLE DRAWING NO. (REV.
ARMEL 2225 Jrehard Pertus | g0, 40-4gao (0.600715.24 mm Wide) Plastc Dua 40P 8
- SanJose, CA 95131 | njine Package (POIP)

ATMEL
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- o] :
. i
“
" Marked Pin 1 D !
E]
| -
| |y—SEAT|HGF‘LANE
—t !I! Aq
TOP VIEW TFL
- A3
"y 1 J
APt
~ A
DR S s fin 1 Comer SIDE VIEW
: ,
uuuiuuuuu s
[ | ]
[ —
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rratas The revision lefter in this section refers to the revision of the ATmega16 device.
'megal16{L) Rev. G. There are no errata for this revision of ATmega16.
'mega16(L) Rev. H. There are no errata for this revision of ATmega16.
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ita Sheet Change
g for ATmega16

1anges from Rev.
66B-09/01 to Rev.
66C-03/02

AIMEL

This section contains a tog on the changes made to the data sheet for ATmega16.

All page numbers refer to this document.

1.

2.

10.

11.

12.

13.

14.

15.

ATmega16(L)

Updated typical EEPROM programming time, Table 1 on page 18.

Updated typical start-up time in the foliowing tables:

Tabie 3 on page 23, Table 5 on page 25, Table & on page 26, Table 8 on page 27,
Table 9 on page 27, and Table 10 on page 28.

Updated Table 17 on page 41 with typical WDT Time-out.

Added Some Preliminary Test Limits and Characterization Data.
Removed some of the TBD's in the following tables and pages:

Tapble 15 on page 36, Table 16 on page 40, Table 116 on page 272 (table removed
in document review #D), “Electrical Characteristics” on page 290, Table 119 on
page 292, Table 121 on page 294, and Table 122 on page 296.

Updated TWI Chapter.
Added the note at the end of the “Bit Rate Generator Unit” on page 177.

Corrected description of ADSC bit in "ADC Control and Status Register A —
ADCSRA” on page 218.

Improved description on how to do a polarity check of the ADC diff results in
“ADC Conversion Result” on page 215.

Added JTAG version number for rev. H in Table 87 on page 228.
Added not regarding OCDEN Fuse below Table 105 on page 260.

Updated Programming Figures:

Figure 127 on page 262 and Figure 136 on page 273 are updated to also reflect that
AVCC must be connected during Programming mode. Figure 131 on page 269
added to illustrate how to program the fuses.

Added a note regarding usage of the “PROG_PAGELOAD ($6)” on page 279
and “PROG_PAGEREAD {$7)" on page 279.

Removed alternative algortihm for leaving JTAG Programming mode.
See “Leaving Programming Mode™ on page 287.

Added Catibrated RC Osciflator characterization curves in section “ATmega16
Typical Characteristics — Preliminary Data” on page 298.

Corrected ordering code for MLF package (16MHz) in “Ordering Information”
on page 11.

Corrected Table 90, “Scan Signals for the Oscillators!"@®)” on page 234.

[T
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hanges from Rev.

$66C-03/02 to Rev.

166D-09/02

hanges from Rev.

466D-09/02 to Rev.

466E-10/02

hanges from Rev.
466E-10/02 to Rev.
466F-02/03

A6EF5--AVR- 02/03

All page numbers refer to this document.

1.

2

Changed all Flash write/erase cycles from 1,000 to 10,000.

Updated the following tables: Table 4 on page 24, Table 15 on page 36, Table
42 on page 82, Table 45 on page 109, Tabie 46 on page 109, Tabie 53 on page
141, Table 67 on page 166, Table 90 on page 234, Table 102 on page 258, “DC
Characteristics” on page 290, Table 119 on page 292, Table 121 on page 294,
and Table 122 on page 296.

3. Updated “Erratas” on page 15.

All page numbers refer to this document.

1.

Updated “DC Characteristics™ on page 290.

All page numbers refer to this document.

1.

10.

1.

12.
13.

4.

Added note about masking out unused bits when reading the Program
Counter in “Stack Pointer” on page 10.

Added Chip Erase as a first step in “Programming the Flash” on page 287 and
“Programming the EEPROM"” on page 288.

Added the section “Unconnected pins” on page 53.

Added tips on how to disable the OCD system in “On-chip Debug System” on
page 34.

Removed reference to the “Multi-purpose Oscillator” application note and
“32 kHz Crystal Oscillator” application note, which do not exist.

Added information about PWM symmetry for Timer) and Timer2.

Added note in “Filling the Temporary Buffer (Page Loading)” on page 253
about writing to the EEPROM during an SPM Page Load.

Removed ADHSM completely.

Added Table 73, “TWI Bit Rate Prescaler,” on page 181 to describe the TWPS
bits in the "TWI Status Register — TWSR” on page 180.

Added section “Default Clock Source” on page 23.

Added note about frequency variation when using an external clock. Note
added in “External Clock" on page 29. An extra row and a note added in Table
118 on page 292.

Various minor TWI corrections.

Added “Power Consumption’ data in “Features” on page 1.

Added section “EEPROM Write During Power-down Sleep Mode” on page 20 .

ATMEL Y
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15. Added note about Differential Mode with Auto Triggering in “Prescaling and
Conversion Timing” on page 206.

16. Added updated “Packaging Information’ on page 12.

ATMeEgAaT6( L)  mmmmmn————————
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& DALLAS DS1307

SEMICONDUCTOR i i

» 64 x 8 Serial Real-Time Clock

‘EATURES PiN ASSIGNMENT
Real-time clock (RTC) counts seconds, _
minutes, hours, date of the month, month, day i; - L : jggwro .
of the week, and year with leap-year Vi ] : 6 1 scL v
compensation valid up to 2100 GND Dl 4 s [ spa
56-byte, battery-backed, nonvolatile (NV) DS 1307 §-Pin DIP (300-mib)
RAM for data storage o
Two-wire serial interface x1 ol & hp Ve
Programmable squarewave output signal oz 7im S;WIOUT
Automatic power-fail detect and switch VerD3 6 1D sCL
circuitry GND Hjj4 s [I6 SDA
Consumes less than 500nA in battery backup DS 1307 8-Pin SOIC {150-mil)

mode with oscillator running
Optional industrial temperature range:

-40°C1o +85°C - PIN DESCRIPTION

' Avallable m 8'pln DIP or SOIC VCC _ Primary Power SUPPI}’

" Underwriters Laboratory (UL) recognized X1, X2 - 32.768kHz Crystal Conneetion
VpaT - +3V Battery Input
GND - Ground

YRDERING INFORMATION SDA _ Serial Data

JS1307 8-Pin DIP (300-mil) SCL - Serial Clock

JS1307Z 8-Pin SOIC (150-mil) SQW/OUT - Square Wave/Output Driver

IS1307N 8-Pin DIP (Industrial)

IS1307ZN 8-Pin SOIC (Industrial)

JESCRIPTION

fhe DS1307 Serial Real-Time Clock is a low-power, full binary-coded decimal (BCD) clock/calendar
slus 56 bytes of NV SRAM. Address and data are transferred serially via a 2-wire, bi-directional bus.
[he clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of
he month date is automatically adjusted for months with fewer than 31 days, including corrections for
eap year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The
DS1307 has a built-in power sense circuit that detects power failures and automatically switches to the

attery supply.

1 of 12 [(HYEC



DS1307

YPICAL OPERATING CIRCUIT

Vee Vee
Yoo
- ] Veo y
0sS1307 5
__"?rysla
Japu fReu |A1 5| sDa
w 6] oo 3
7| sawmut j;—
e T
GND -
4 4
JPERATION

fhe DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
:ondition and providing a device identification code followed by a register address. Subsequent registers
:an be accessed sequentially until a STOP condition is executed. When Vec falls below 1.25 x Vparthe
jevice terminates an access in progress and resets the device address counter. Inputs to the device will
10t be recognized at this time to prevent erroneous data from being writien to the device from an out of
olerance system. When Vcc falls below Vpar the device switches into a low-current battery backup
node. Upon power-up, the device switches from battery to Ve when Ve is greater than Vpar + 0.2V
and recognizes inputs when Ve is greater than 1.25 x Vpar. The block diagram in Figure 1 shows the
nain elements of the serial RTC.

DS1307 BLOCK DIAGRAM Figure 1
0

0 xz

OSCULATOR
AND DIVIDER

Fuasd
155 % B
CONTROL
—_— LOGIC
Vg T [——"
[P S POWER
D ———— CONTROL
| R ]
P
SERLAL BUS AEHWSS ——- .
WHTERFACE REGISTER e e A
SOA -t
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1DS1307

IGNAL DESCRIPTIONS

‘cc» GND — DC power is provided to the device on these pins. Vec is the +5V input. When 5V is
splied within normal limits, the device is fully accessible and data can be written and read. When a 3V
attery is connected to the device and V¢ is below 1.25 x Vpar, reads and writes are inhibited. However,
ie timekceping function continues unaffected by the lower input voltage. As V¢ falls below Vpar the
AM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at Vgay.

'say — Battery input for any standard 3V lithium cell or other energy source. Battery voltage must be
¢ld between 2.0V and 3.5V for proper operation. The nominal write protect trip point voltage at which
ccess to the RTC and user RAM is denied is set by the internal circuitry as 1.25 X Vpar nominal. A
thium batiery with 48mAhr or greater will back up the DS1307 for more than 10 years in the absence of
ower at 25°C. UL recognized to ensure against reverse charging current when used in conjunction with a

thium battery.

ee “Conditions of Acceptability” at http://www.maxim-ic.com/TechSupport/QA/ntrl.htm.
L (Serial Clock input) - SCL is used to synchronize data movement on the serial interface.

DA (Serial Data Input/Output) — SDA is the input/output pin for the 2-wire serial interface. The SDA
in is open drain which requires an external pullup resistor.

QW/OUT (Square Wave/Output Driver) — When enabled, the SQWE bit set to 1, the SQW/OUT pin
utputs one of four square wave frequencies (1Hz, 4kHz, 8kHz, 32kHz). The SQW/OUT pin is open
irain and requires an external pull-up resistor. SQW/OUT will operate with either Vcc or Vbat applied.

{1, X2 - Connections for a standard 32.768kHz quartz crystal. The internal oscillator circuitry is
lesigned for operation with a crystal having a specified load capacitance (CL) of 12.5pF.

‘or more information on crystal selection and crystal layout considerations, please consult Application
Jote 58, “Crystal Considerations with Dallas Real-Time Clocks.” The DS1307 can also be driven by an
xternal 32.768kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator

ignal and the X2 pin is floated.

RECOMMENDED LAYOUT FOR CRYSTAL

3 RTC
Crystal
Local Ground Plane
Layer 2
Guard Ang
[connect to ground)

Joll2



Ds1307

SLOCK ACCURACY

“he accuracy of the clock is dcpendent upon the accuracy of the crystal and the accuracy of the match
>etween the capacitive load of the oscillator circuit and the capacitive load for which the erystal was
rimmed. Additional error will be added by crystal frequency drift caused by temperature shifts. External
sircuit noise coupled into the oscillator circuit may result in the clock running fast. Sec Applieation Note
18, “Crystal Considerations with Dallas Real-Time Clocks™ for detailed information.

’lease review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller™
or additional information.

RTC AND RAM ADDRESS MAP

['he address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The RTC registers
wre located in address locations 00h to 07h. The RAM registers are located in address locations 08h to
3Fh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM space, it wraps
round to location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

00H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
a7H CONTROL

038H RAM
8
3FH % x

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. The RTC
registers are illustrated in Figure 3. The time and calendar are set or initialized by writing the appropriate
register bytes. The contents of the time and calendar registers are in the BCD format. Bit 7 of register 0
is the clock halt (CH) bit. When this bit is set to a 1, the oscillator is disabled. When cleared to a 0, the

ascillator is enabled.

Please note that the initial power-on state of all registers is not defined. Therefore, it is important
to enable the oscillator (CH bit = 0) during initial configuration.

The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours rcgister is defined as the
12- or 24-hour mode select bit. When high, the 12-hour modc is sclected. In the 12-hour mode, bit 5 is
the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the seccond 10 hour bit (20-

23 hours).
On a 2-wire START, the current time is transferred to a second set of registers. The time information is

read from these secondary registers, while the clock may continue to run. This eliminates the need to re-
read the registers in ease of an update of the main registers during a read.

Fot12
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)51307 TIMEKEEPER REGISTERS Figure 3

N N L
00H | CH 10 SECONDS SECUONDS 00-59
o 10 MNUTES MINLITES 00-59
PO R 10 HR m-12
) - 10 HR HOURS oaa
0 " n bl ] T DAY -7
DY-—28/29
¢ u 10 DATE DATE 01-30
0v-31
0 n o 10 MOHTH
MONTH m-2
10 YEAR YEAR 0099
07H | ouT o I o ISCM'E " J a Inm ’ RSO

>ONTROL REGISTER
“he DS1307 control register is used to control the operation of the SQW/OUT pin.

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
OouUT 0 0 SQWE 0 0 RS1 RSO

JUT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave
sutput is disabled. 1f SQWE = 0, the logic level on the SQW/OUT pin is 1 if OUT = 1 and is 0 if
T =0.

3QWE (Square Wave Enable): This bit, when set to a logic 1, will enable the oscillator output. The
requency of the square wave output depends upon the value of the RSO and RS1 bits. With the square
vave output set to 1Hz, the clock registers update on the falling edge of the square wave.

S (Rate Select): These bits control the frequency of the square wave output when the square wave
>utput has been enabled. Table | lists the square wave frequencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RS0 SQW QUTPUT FREQUENCY
0 0 1Hz
0 1 4.096kHz
] 0 8.192kHz
| 1 32.768kHz

el 2



DS 1307

-WIRE SERIAL DATA BUS

he DS1307 supports a bi-directional, 2-wire bus and data transmission protocol. A device that sends
ata onto the bus is defined as a transmitter and a device receiving data as a receiver. The device that
ontrols the message is called a master. The devices that are controlled by the master are referred to as
aves. The bus must be controlied by a master device that generates the serial clock (SCL), controls the
us access, and generates thc START and STOP conditions. The DS1307 operates as a slave on the 2-
rire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

YPICAL 2-WIRE BUS CONFIGURATION Figure 4

Yeo
Ap Ay
S0a * . i S ——\,
2-WIHE
SEFIAL DATA
aUS
acL *— — J
S s m -t
DS 1207 OTHER
MICRO-
P aa0R FEAL TikaE l PERIPHERAL J

‘igures 5, 6, and 7 detail how data is transferred on the 2-wire bus.

Data transfer may be initiated only when the bus is not busy.
During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in

the data line while the clock line is high will be interpreted as control signals.
\ccordingly, the following bus conditions have been defined:

3us not busy: Both data and clock lines remain HIGH.

start data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
lefines a START condition.

stop data transfer: A cbange in the state of the data line, from LOW to HIGH, while the ciock line is
HUGH, defines the STOP condition.

Data valid: The state of the data line represents valid data when, after a START condition, the data line
s stable for the duration of the HIGH period of the clock signal. The data on thc line must be changed
luring the LLOW period of the clock signal. There is one clock pulse per bit of data.

ach data transfer is initiated with a START condition and terminated with a STOP condition. The
wmber of data bytes transfcrred between START and STOP conditions is not limited, and is determined
»y the master device. The information is transferred byte-wise and cach receiver acknowledges with a
tinth bit. Within the 2-wire bus specifications a regular modc (100kHz clock rate) and a fast modc
‘400kHz clock rate) are defined. The DS1307 operates in the regular mode (100kHz) only.

Holfl2



DS1307
«knowledge: Each receiving device, when addressed, is obliged 1o generate an acknowledge after the
:ception of cach byte. The master device must generate an extra clock pulse which is associated with
1is acknowledge bit.

. device that acknowledges must pull down the SIDA line during the acknowledge clock pulse in such a
ray that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of
ourse, setup and hold times must be taken infto account. A master must signal an end of data to the slave
v not generating an acknowledge bit on the jast byte that has been elocked out of the slave. In this case,
1e slave must leave the data line HIGH to enable the master to generate the STOP condition.

JATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

. . ‘ . ' '
o L XX X Ko M
T MSH - - 0 LI - - -
SLAYE .
. W .
OARECTION ACKNOWLEDGEMENT
' BT SIGHAL FROMW X
. —-l - RFCEWVER !
' ACKNOWLEDGEMENT
' SIGNAL FROM
o RECEIVER
i m
A LV EVEVAVE S EVEWE VAR R
. ACK ACK
START
CONDITION REPEATED OR REPEATED
MORE BYTES ARE 1
TRANSFERFED

Jepending upon the state of the R/W bit, two types of data transfer are possible:

. Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number of data bytes. The slave retums an acknowledge
bit after each received byte. Data is transferred with the most significant bit (MSB) first.

). Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte, a “not acknowledge” is returned.

lhe master device generates all of the serial clock pulses and the START and STOP conditions. A
ransfer is ended with a STOP condition or with a repeated START condition. Since a repeated START
sondition is also the beginning of the next serial transfer, the bus will not be released. Data is transferred

~ith the most significant bit (MSB) first.
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DS1307

he DS1307 may operate in the foliowing two modes:

. Stave recciver mode (DS1307 write mode): Scrial data and clock are received through SDA and
SCL. Afier each byte is received an acknowledge bit is transmitied. START and STOP conditions
are recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received alter the start condition is generated by the master. The address byte contains

the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (Rffv— } which, for a write,
isa 0. Afier receiving and decoding the address byte the device outputs an acknowledge on the SDA
line. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will sct the register pointer on the 13S1307. The master will then begin
transmitting each byte of data with the DS1307 acknowledging each byte received. The master will
generate a stop condition to terminate the data write.

JATA WRITE - SLAVE RECEIVER MODE Figure 6
g

<Slawe AwEE> Y Wond Address (n)> <Datalni> Data e 1)> <Data i Xp
[s] 1101000 [0 | A [ 00cooooc | & {00000 ] a [ xooooocx | A [ oooooox | a ILPJ

5 - START {}'

A- DATA TRANSFERRED

P - sTOR X+1 BYTES + ACKNOWLE DGE)
WA - REALVWRITE (5t DIRECTION BIL ADORESS = DOh

1. Slave transmitter mode (DS1307 read mode): The first byte is received and handled as in the slave
receiver mode. However, in this mode, the *direction bit will indicate that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received afier the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, folowed by the
*direction bit (R/wW ) which, for a read, is a 1. Afier receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a “not acknowledge™ to end a read.

DATA READ —~ SLAVE TRANSMITTER MODE Figure 7

A
Slaes Adrers '% <Datxn)> <Datajrs tr <Dasta i+ 2) <Dota {reX>
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| ) |

$ - START TA TRANSFERFED

A - ACMMOIWLEDGE |anYTESoA£KB€m\£ - NOTE: LAST DATA BY TE 1S

P - SYOP FOLLOWED BY A NOT ACKNOWLEDGE { & ) SIGKALT

A - NOT ACKNCOWLEDGE

AW - READAWRITE OR DSRECTION BIT ADDRESS = DIR
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DS1307

\BSOLUTE MAXIMUM RATINGS*

‘oltage on Any Pin Relative to Ground

torage Temperature
oldering Temperature

0.5V to +7.0V

-55°C to +125°C

260°C for 10 seconds DIP

See JPC/JEDEC Standard J-STD-020A for

Surtace Mount Dcvices

This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may aftect reliability.

Range Temperature Veo
Commercial 0°C to +70°C 4.5V 10 5.5V Vcoi
Industrial ~40°C 10 +85°C 4.5V 10 5.5V Vcer

YECOMMENDED DC OPERATING CONDITIONS

(Over the operating range*)

PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Supply Voltage Ve 4.5 5.0 5.5 \'4
I_.DgiC 1 Vi 2.2 Ve 0.3 \'%
Logic 0 Vi -0.5 +0.8 )
Vpat Battery Voltage Vaar 2.0 35 A%
Unless otherwise specified.
JC ELECTRICAL CHARACTERISTICS

(Over the operating range®)
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Input Leakage (SCL) I 1 RA
/O Leakage (SDA & o 1 A
SQW/OUT)
Logic 0 Output (lg = SmA) Vo 0.4 \'
Active Supply Current loca 1.5 mA 7
Standby Current lces 200 LA 1
Battery Current (OSC ON); lpaTi 300 500 nA 2
SQW/OUT OFF
Battery Current (OSC ON); ATz 480 800 nA
SQW/OUT ON (32kHz)
Power-Fail Voltage Ve 1216 x Vpay | 125X Vpar | 1284 X Vpar A 8

*Unless otherwise specified.
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\C ELECTRICAL CHARACTERISTICS

(Over the operating range*)

'ARAMETER 7 o SYMBOL | MIN | TYP MAX | UNITS | NOTES

WCL Clock Frequency fser 0 100 kHz

dus Free Time Between a STOP and thuy 4.7 o s

‘TART Condition

fold Time (Repeated) START Condition LhD:STA 4.0 us 3

LOW Period of SCL. Clock tiow 4.7 us

1IGH Period of SCI. Clock LG 4.0 Hs

set-up Time for a Repeated START [5(]_5‘[‘,\’ 4.7 . Hs

“ondition

Jata Hold Time D DAT 0 Us 4.5

Jata Set-un Time tSUDAT 250 ns

Rise Time of Both SDA and SCL Signals tr ‘ B 1000 ns

“all Time of Both SDA and SCL Signals t 300 ns

set-up Time for STOP Condition IsusTO0 4.7 15

apacitive Load for each Bus Line Cp 400 pF 6
C;,v() (0 pF

‘AD Capacitance (T, = 25°C)

Crystal Specified Load Capacitance 12.5 pF

Ta =25%C)

*Unless otherwise specified.

NOTES:

1. lccs specified with Ve = 5.0V and SDA, SCL = 5.0V.

VCC = OV, VBAT =3V.

2.
3. Afier this period, the first clock pulse is generated.
1. A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the

Vismm of the SCL signal) in order to bridge the undefined region of the falling edge of SCL.
5. The maximum tppar has only to be met if the device does not stretch the LOW period (t.ow) of the

SCL signal.

6. Cp— Total capacitance of one bus line in pF.

:--J

8. Vpr measured at Vpar = 3.0V.

Icca - SCL clocking at max frequency = 100kHz.

100f 12




51307

[IMING DIAGRAM Figure 8
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DS1307 64 X 8 SERIAL REAL-TIME CLOCK
8-PIN DIP MECHANICAL DIMENSIONS

s g PRG 3-PIN

'T DIM MIN | MAX

A IN. 0.360 0.400

4 8 MM 9.14 1016
i B IN. | 0240 | 0260

- - MM 6.10 660
fe— 2 —+ C N | o120 | o140
MM 305 3.56

DIN. | 0300 | 0325

. MM 7.62 826

,__:_C EIN | 0015 | 0040

¥, MM 0.38 102

E 3 FIN, | 0120 | 0140

L3 -It-’J L . MM 304 3.56

G IN 0.090 Q.10
MM 229 279
HIN. 0.320 0.370

Lo MM 213 9.40
JIN. § 0008 | 0012

MM .20 0.30
J K IN. 0.015 0.021
MM 0.38 0.53

Hofi2



DS1307

1I$1307Z 64 X 8 SERIAL REAL-TIME CLOCK
-PIN SOIC (150-MiL) MECHANICAL DEEENSIONE

G . 8-PIN
-i I- ‘H.K P {150 My I

BAB l M MIN | MAN
AIN. | 0188 | 0%
' MM 478 498
8 H BN | 0150 | 0158
o ‘ as | 3 401
CIx | 0048 | 0062
HEHEH MM 122 157
! EIN | 0004 | 0010
MM 010 0.25
A—e] FIN. | 0053 | 0069
) MM 135 1.75

G IN. 6.050 BSC

fig © MM 1.27 BSC
| HIN. | 0230 | 0249
€ MM 584 6.20
- JaN | o7 | oo
t MM 018 0.28
HE r K Fe | 0oi2 | 0020
— MM 0.30 0.5
. _I L LI~ | 0016 | 0030
p - MM | 041 127
phi 0" 3*
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