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Abstract

This thesis presents the detector for wind, rain and sunlight detected by sensors. The
detector can display the speed of wind in the unit “ m/s ”, rain measurement in the unit
* millimeter ” and the sunlight illumination in the unit *“ Lux ”. It uses MCS-51 family
microcontroller (89C51) as a processing unit and displays the result via LCD. In addition, the

detector is referred to the weather measurement instruments and information of Meteorological

Department.

i



ARG

UNAAED
Abstract
malay
msvaygUlmm
MIVYNIN
mnﬁ 1 unih
1.1 anudunveslasenu
12 fagiszasd
1.3 YpUALAZ IAANNENNTOVDS 1T
unfi 2 dannIoaeaN :
2.1 noufiferfuau
2.1.1 39903 N
2.1.2 Wignyuuadou
2.1.3 NANINYDIAN
2.1.4 ANUTIAYIOINANNYDIAN
22 msSaauRTL
22.1 nanlaialy
222 mvuiinanusau
223 MidaauSiau
2.3 MS3ANNUEIANLALMIAIAAZILANNIETIAN
2.4 SupoumsadudIunssnaeuay
2.5 1993AT9ABUANNGAY \
2.6 MInaaBaMIATNdUNUTs T NuEauuazaLd
1P HNUDINIIATINTOUAY
2.7 ‘Vli]‘hlf] Simple Linear Regression
unii 3 dauaneaoudy

3.1 nguneInuduy

i
I
VI

IX

14
14
18
19

20

21



3.1.1 Wi
Y
3.12 YSinaieu
3.1.3 ausIvesry
v v
32 MPansatiuayns sy aiy
3.2.1 foMrua laena
3.2.2 wienlFlunsia
Y
3.2.3 Mydas iy
v )
32.4 MIARAUATDINID
4 T
3.2.5 sevadsuaniwuluuaIuaIEAn
v Y
32.6 HanMIMIMNUATeIaUSuaiHuuuAY
AFLAN
9 A (% oy
33 AsasmTesdIanindu
34 msgiuan lumsasuiieunIeens9ae Uy

3.5 2995 luduasvaeury

UNN 4 AIUATIVADUUE

4.1 anuduRussznitaeiaduoz lan
4.2 uuﬁyuifmiumsdmﬁdnmmmamﬁm‘f
4.2.1 Declination
4.2.2 Hour Angle
4.2.3 Altitude and Azimuth Angles
43 Wuf Photovoltaic Cells n3piaduase1iag
4.4 minsrvaeugaauannuTududuues Solar Cells

4.5 wanmsasvaouguausanufuFuduves Solar Cells

46 aguamsaseseuguauiaamiuFudunes Solar Cells

wnii 5 nuRuezmalszgasidndlulasneninsames MCs-51

5.1 'lulasaouInsames AT8ICS1
5.1.1 MIIAULALANEULABUBNUDI ATSICS1
512 A5IANUBANNI AL NI HDNAD

5.1.3 wiheanuivoya

21
21
2
2
77
b
23
24
24
24

26
29
29

30
82
32
38
39
4

45
47

48
48
50
52



5.1.4 M3BUADS TN 1 89C51
5.1.5 NBSADUNNABIVIYNUBI 8ICS]
5.1.6 NITUVAUNLD
52 2vswasdyanasudentiudyuntaea
5.3 msuszgnaldnuluTnsaeuInsamesd MCS-51 sauiy
gilnsalasavaeLanIMOIME
unit 6 apliaziersel
6.1 dIUATIVADLIAN
6.1.1 HAMINATDY
6.12 agl
6.1.3 ‘i‘]mmﬁwu
6.1.4 uuanamsud lu
6.2 dIUATIVAOURU
6.2.1 ay
622 flgymiiny
6.23 uuanamsud 1y
6.3 DIUATIVADULLE
6.3.1 a3l
632 Jamiiny
6.3.3 uuaneamsuA by
6.4 LUINNMTAAUI
ANKUIN
marwIn 0. Seyaineaiuir
MARWIN ¥, AUHLeTRes Sanda / wadag 9 ludszmerne
AIANLIN A1. Data Sheet
Tufusewansaeufivuin3emeaeUTMNRIMS
fnAnssudszmea
N98001904

3 dY a
Hulens1ios

N
57
59
62
66
68

72
72
73
73
74
74
74
74
74
75
75
75
75
75



el
=

Qanl ean &Nl &ean el et &eanl ean &N &ean el ea el ean ean ean ean e &eant e
=p. Sh. =, Sp. Sh. Sh. = =i =S =p. =p. S0 = =S S S S, S =h. =i

ean
=h.

ean
=h.

Vi

CERATGIRAI RN

2.1 uansdydnuaif ldumuauS ez itniaveay
2.2 A5 VIAAULUVLRUNTZAN
A o v v a 1
23 nToinauuuulagniiewtinang o
2.4 wioiaauuunluia
2.5 nszaEnIMEMSULUNNI 109U
d' [ d
2.6 w3niaaununlslail
2.7 WHLINANAALLEN
2.8 MytsznouLAUYUNS BN 1wBIgNTY
29 thasewviefeginnldunugndae
2.10 Mmstsznougnde
) a [ [~
2.11 299585295 utereIglumsdannusau
AT V] 1 [~ {
212 HERINT AN TURUT T NIIANNSIANLALANDUDS
(3 r's d'w Y
Fyaaeniymiiiala
3.1 @50 ULLUAIUNTEAN
o 4 o A
32 BERIMSIUYRIATUNIZAn otiudy ludunilsvesnu
AUNILNIZAN
9 o [ 3’
33 Iassadeueataseesurimu
3.4 DINIUNTTAN
3.5 NINATYDIAL Bucket NO1BLLLEDVUIADS
3.6 MIUILNOUEIUYDY Bucket
3.7 IR UAU
41 HEPINAVBINEINUIINANBINASNIIAD Tan
o a c'd’g a =1 (%]
42 asngasgdansuusenenadnnuEl lan iwsoumouny
v
YDIFUVSTUIMA
43 paasioseidosthuiionsanlunmsimunaysunuuoaes
a a‘d'd [
pndninaseaguulan

4.4 33 Declination

10
11
12
13
15

16
17
18
19

25
25

26
27
27
28
29
30
31

32

32



&N
=,

ean et eanl et ean
=i =n. = Sk =Sk S

=)

el ean e &t
=$h. Sh. =Sh.

&an
=Sh.

e
=h.

ean  ean  ean  ean et el ean e
=<p. =%k Sp. =i S =n. =S =L

ean
=h.

Vil

Y
R
4.5 LEAAINYNIAAI DS AN 33
4.6 uanen13i/asuulas Declination neluaie 1 38
4.7 uei9d Hour Angle 38
43 LARIYW Altitude 39
4.9 LAY Azimuth 39
4.10 gunsmuansaFuiufszniegm Altitude funavesTun %Y)
25 QAL 2544 B UALIUN
4.11 junsuansnuduiug sz n iy Azimath flunaweeiui 4
25 ARIAL 2544 DY IYALNU
9
412 uansdnuae Inserdeiug uveasadiioiadsanou 43
4.13 uarnasesiaioulungaunayes Solar Cells 44
4.14 wanssesasndeufuauiannuihuFaduves Solar Cells 45
415 NITHUEAISIRUANATEN Solar Cell ( Volts ) NANUEIIAT 45
! o
A9 [ NAadInIIn 1]
416 N HUEAWSIRUANATON Solar Cell ( Volts ) AANWEAIA 46
Vi v
A199) [ NARDIASIN 2]
417 n3lLERSIRUANATEN Solar Cell ( Volts ) NAMUAIA 46
Y v
A199) [ NARDIASIN 3 ]
9y
5.1 dunisveamiseauiianuy luduazuuuin 51
52 usunw InssadreszuudumesSnyives 89C51 58
o o 4
53 2evsneluvesneiaynnesaluluinsaouinsames MCS-51 60
LU Flash
o 4 4 Jd 4
54 laezuasumsinaued nlwesuazianines lnua 0 63
o 4 4 o o
55 'lapzunsumsinauees Indwesuazianines Inua | 64
o 4 4 4 o
56 lapzunsumsinauued mlwesuazianives lnua 2 64
o 4 4 o 4
57 'laezunsumsinauyed ndwesuazianinas lvua 3 65
5.8 LAAINITNINIULULY Successive Approximation Register 67

59 Block Diagram M3t HYBsgLnTainsIvTOUAAINOIMA 68



Vi

51 5.10 Flow Chart iarsmsinuvesgunsalpstvdouanwam Hu
HOZUASLAR

qUft 5.1 Flow Chart uernemsBumesswiiAatL ludaunsedour

Ui 512 aeesludanlulasaeuinsamesildumslszulana

211‘7; 6.1 udasnsinmsnaaesaeuifisuauiauvesglnsaldiunsi

AOUANUSIAY

v
“’u

69

70
71

73



GARHGTIRRRN

A15197 2.1 ueasanuislanvealuesa
~ LYY v v d' [ <
A1519% 2.2 uaasanuFuNUTyInleae q Alslumsiaanusiay
A151971 2.3 uaasaudunuisEnIeanuS ez ANuR Y STy N
I'd v bl
wwiyniiala
@15197 4.1 Declination ¥84ANBIAdYTZ L)
A15N 42 FE0NMIF NS MNUIVDIAID ARG
A15197 5.1 waesinuas e veanese 3
AN 5.2 MISuunueARESIaADS
a13eft 5.3 MmasmuaswesiniiegnieluSimaes PSW
a Yy & a P P
AN 5.4 ANULITONMID NI UTNVBITVIAADS
M131991 5.5 Aanunueves lsunsuawamIsa (PSW)
P o P o
A5 5.6 ANUNLIBYBS IUTLATUNIIBTADU INTALADITTINADS
(PCON)
A1319% 6.1 namsramsnaasslunmsdeusuiaanuslay
A15799 A1 ANvEINvBILas Mg ey luanunag 9
A5 197 n-2 USusaei lannnasa W 1 nasa dewdsnunldly Jalu
miiyesguudaian

v v ¥
MINN Y uaeedumisndes fanda / wadia q lutlszmalne

19

34

49
52
53
54
56
57

72



.1 anuthanaesdasaanu
VNBABUSINAONIN 15U ANUEIN0IaY ANNLIIUBIHY 1T BANUITLYDILE
LARA SRS 0N I IRANANITE NUNTZUIUMTNIIAINTTUAEAS MSBMIINEAT A a1y
v
AR NHULN AN INNA LA 2P D192 N I AR UATIBABATZTVIUNITAIN N
a a 9 W 0’1’ A A v K YR Y 9 IS
NI wazHaraamemMInEasld  daiuesesiodadelaseladundivnuminalune
[ ¥ @ Q’ll a3 [ 4
PAAMAIIN UaLlnEAIATTY Taommiz 15sugaenATsua q inseslotatiuiiuiledeny
= - = d'l A @ d' A @ 1
gulunsziumssie uazdsanlys wsesiioialumsfine wSoslioTaus azilszinmeg
=1 ] [y 4? Y a 9
Tanuamnsonandeiueen bl IusgAuriaueents 4
d'w o dy tsyd o ¥ a 9 3 g &
Tassnuniahiuildumsihdeyan lannmsesisdeuanmeimadunugiu @9
U = A A [ d’ll a [ 9 d' L
aaMnuAsesioavinoImARuAsssuaundn Uszneudlenionsavdoudnmay
.& % A 9 9 o Y d'l A A 1 v @
s wazuae Saluilgiiuma Tuladlanudmeh ldun ildeseslielianugennadudy

9y o’/’ a &K o
%unnmmmnmawn_lu“i]mmﬂumsmsmﬂa‘uﬁm‘wmmﬁ

12 Yagilszaen

iedavsmsiamvesginsaingiaiaaniway Wi uazuan wiounednuduaeu
Tunisition saznsadiegauresidlssdniam fennsaasaaiuanusvesay
YSunawesdu uazgarwahevesuasuanld Tasgunsalnsiaiaaninawy du wazuARTIa Y

(Y a 7l 1 a a
vanmsuazuuimsdsdsnnnglnsoinldeglunsuggiisnine nsznsrenuuny

1.3 Y0 LIAIAZIAN AN IO VBINTINY
d’l 9 (g < a 1
TassnutiansoldasaniaanuGivesan USavesly uazaNuaNIvD e
ung Tasimizedszananade lulnsaoulnsamesnszga MCS-51 (Wof 89C51 LAZLAAIHA
& S 1 ' o ﬂ”
M990 LCD diis1waziven luunazdiuaail
[l yﬁ c.i' o el [ & Y Y o Y
® gdiuaslvdeuaN ANy IAEINUNERIReINUaNDeIdY ndwhmsaiauay
4 [ o [ a
NATOUIATDITAANISIUUVVYNEIY  (Anemometer) IavazNATDUIAANLD
~ o < a a
Weufuanuiavesay (Tasldansinglusdauvesnsuggieniner) ves

o o Ay v o L. . = ' 9
ﬂaujmmmmgmw"lﬂmmwamawmmamﬂ Infrared Emitting DiodeWl.  WIULAN



@ " =1 ' o o v o Y a P
&2 Photo Transistor laefusiu plate dauguiludnhifamsu/asuulasos
Foyanaewivn udnhranAunumaunsiudulaendnms Simple Lincar
. [ s A o <]
Regression UszuanalunizelulasaouInsamesiieth luaawwannuisay
Tumvine “m/s”
' b4
duasandeudy 1dinudeyauazngufifeatudu sumsAnenTinavessu
[ 1 [} a A 4 o d
Tuszauas q Tuniiefiafiwas ioviinsaiisginsal detect AuuumMUNITAN
Y '
(Bucket) Wd2Mms calibrate Qﬂﬂiﬂfma%ﬁ@uﬂuﬁmmmugwﬂiu’q@uﬂm‘nm
v {] + A Y [ Y o ' ¢ A
HFaudumdeonsula udninndszuramalumilelulasnoulnsamosie
S o” 1] =) = L] d'ﬂ/
warastSunanirulumiae « Tatwes” luganainasams
] 9. v o d 1 a duo r_':l
dauasgouIes  IRAnEIANFURUT T easeiadiy TanuazyuNug
v
[] 1 £ o a o o [ 1 v
Tumsdeeadnuesnno1iad  TaelaumImulad U yNa1sHugIua
A d Y] 1 A Yy [ -V -( A A
q vpswneiadluiuaznadie 9 Wwelidtmnuduiuglumsnaouiives
anseiad wdahluldse Temllunsasnaeuuasdely  Tasszidienlddag
) @ 4 I~ [ A Aa [
Solar Cell Wuiiugaastunas tesnniludagitanufuFadu mldlien
s liuwain nazldouldihoiennbideslonWidesliunda Solar Cell
HAIRINTIAMIA NN FURUT T2 VIR D Az LS IRUN 1A Solar
Cell wazitiwalszinanalumiiaeluTasnou Insamed worh liuaaswana

A19UDIUAILAR UMY “Lux”



a
UNN 2

AIUATIDABUAN

a5
2.1 nqufneInUan
2.1.1 309U5g
fenuaziuuuamanevameiinag Suan-ag fusen Tusewsguiluuinanim

o J v ' ] 9/ 9 9 o
fmmmﬁmmnszuﬁmmﬂ'l'ﬂaﬂuum’daunu imu‘sqmz@giummamm’ﬂﬂaqLﬁug{uqus

9
=

[ a { ' g 1
TavinszuaauiannuSnannasmagsiogmednTanmile uazdnlanldidngsed i
A =g a d 9 a ﬂ a ~
msnaouTuaInLLL InesYBIReITing ANUANeLTEIN 6-8 BIfNaAYA WUTNAN

SR AUANDE IV UIUY

2.1.2 Wignauunion

Wignyiuadou (Tropical Cyclone) Muneils wighiamilenzianTeumayns luive

vy @ = a vy & P a ~
Zou dnway DrluanduuTnanhnuunamsnaeunveIwy SzUUMIHYURENYed
4 a I a ) [ o a
audimguinarvesmglufemuduunimdmivmgludn lanmile uazamuim

) @ I~ a 4 a ° s o
dmsumgludalanld USaguinaltveIwIgIZlinIuNABINIAM fanuazilulnan
9y 4 ]

omelunsnadwduonaguinzianuiugs uamduidiguemngruaiou
4 1 s tg ¥ :I’
AonudoulazANIFUNANMEAYNT  WgIzADRITLRMIZIMBNaLaTNIAYNS NI

A o ow A : 4 1 “a Sk P> o o a
uaiilenedivundinrundouiidhguaiuduld gungliimzanminzaudmiumsinang

9 = e"’ ' 4 -g v ~ a sl:: o 9 = o A
wipuvadeufodwd 27 esnwaduaiuld  udnmshezifamngldiudidedideisoug
v

Usznoudae iy gamginazanusuvssnssnmaluszduanugedeeniudu wignipivn

v v 14 ]
Zoufindouguszmalnoiuiszine 3 fa 4 qoaell mwadfgiemepouiiing
naeududhlszmea lnenniigafoifougaiaylasiisundeilaoz 1 gn uazidounds linedl

& Y A A 2 a
W']qtﬂﬁﬂul‘il']ﬂi&’tﬂﬁvlﬂUﬂﬂlﬂﬂullﬂ'i'lﬂllﬂﬂllu'lﬂil

~ ' o o < v d Yo a
umimnmawmmqmummnmﬁlnaqwnnw‘hmu

o % o <] ' .
1. wigAnlsad4 (Tropical Depression) nnmiSaaugegalndgudnmaiosnii 34

DA 130 61 N lAUATADY 119

IS

2. wiglwufou (Tropical Storm) Wumgiififanunas fanuSaugagalnd
=1

3 v a Vo
guina1esznang 34 9 63 Uea 138 62 14 117 A lamasAeda lu



] ]
Ad o a

3. wigldHu (Typhoon) Wumighiisdeussiga ﬁmmﬁaauqaqﬂiﬂﬁguéﬂanéa
U 64 wen vide 118 Alawnsded Tuetu
mynyuivadeuivedundsgdumuuinaiiie Tuumaynsdude Sondh <layTaau”
(Cyclone) Tuumaymsteataudnuiionazumaynsulddnazusen Goan “eeiinu”

(Hurricane) Tunmiaymsul@ilnag Juan Sondn «18du” (Typhoon)

2.1.3 Niamavegau

v
b4

a ~ o & a =1 U 9 A = aa 1 a o -
l‘ﬂu‘ﬂﬂ‘VIN‘VlﬁlIWﬂ “ﬁﬂ‘ﬂﬂﬂ']ﬁﬂlﬂﬂanu‘ﬂzﬂﬂﬂ1ﬂ1ﬂ01‘hlﬂiﬂﬂﬁ@ﬂliﬂﬂ’ﬂ “IUR 1Y

43

o A o < ia 1o P @ 1
(Wind Vane) Tavia lvziidnuuzilugnashdnegiuunuiinyu ldseuds vismnauvagly

b4
a o

[ L) Y v v
uwanfineg nfidasaziiuge wiesieldueniimnvauiiinezaasds uunge el

U

e

o A d'l

o [~ 9o a = o o o 9 o a 9 o
Funaansovouriulada AemevesaunwadeausosildiddmsuSenvoaudnan @2
[ ] { o a a 4 3 1 a o a @ S
PU19TY aUNNANANAMIID 1515 unFpaNIiu “aumile” aunNawIINfreg IuoanNSen
1 “aunziusen” Wudu 2ngalit 3.13 dlumsuaasiamehauinunnniiasne auiiiamn

v
ML 180 B9rn 331 “awld” aufliaunaunuayu 315 e fle “aunzfunnivald”
a o o A P @ a A é v Ao a I~ a
frmsvesauiianndioanile ldd@niliomile ezdayuuesauiialunemeamudnuniin
TaoldRrmiioosuilundn Hrmsvesauudas Iasldiignasueniianig
) v a

v 9y ¥
dauauiivia lgnzfudundhvesguniy Aunthvesguiideivan Gondr

Sua” (Windward Side) dauduiiogasaiudhuaziludn «duau” (Leeward Side)

2.1.4 ANUENYUVBINAMIVBIAN

Armavesamivhiaawddginn aniiveonfismioasgialfesdvaudu (u
~ a 2 a g (- < g & a 0
Fnlanmile) awvilaivziinwiudesudzdarunzafiaw Hellgaunglveauduioi
vy °y a9 Voo =3 9 1 & < P :'
Wlemamsnauduleveniiifes uredrelsiauudaniissdivaudulomainiee

da @ ] 1 y [ v

amoiiiuleftiogie dedrauru weilaziussnveininldvelszmainglugrudon

WeATNEY TuMAY MieHouuNIIAY NRANUTIURYHUIY (AuusquasIupenRuurile)

o ] 1 1 J 9y o Y a @ : 1 9 (]
arue1 IneunvzveueinIwgusualei Iiifaduanrinuazivaulunialdlurie
My o & < ' 9 P Y o @ o q ¥ a Y v 1A

114 duiudeoenanldiauiiannnzadhgileineildusnameishasiaruiinnw
1 g v 9 a a o @ y 1 a 3 p=1 9 9 3‘;1
gudu uadwinalaliandszihiannmedsesngnzia vSnaiuszliomeududaril

Ao v ? a P 4 & ' P o a >
mezauiwaruiuauzlinowiudes daluinasssiinnuguusanniusil¥usnaniu



[ [ ] a a ;Y 9 @
ameilunzianse fet1asy USHANZEaNIIeLMNINT (Atacama) Juawsmididudu a
3 =< Y1 a =3 v o [ dyd
Uudsoagy 1dh fiemevssauiinadessnlsznouvesiniensiine
1. UwadegungiveseInaiaunanIl
9
2. uwanodsuimiwu
a a 4 " 9 a P a
mMIvendirnavesanuenanizlyd Jua U (Wind Vane) udrluuinaigennia
2 a - @ . & &
Tanauly assefirmeauiieagezls Tnaew agu (Pilot Balloon) Tumsndserme ez
T ldndednazideade T luiSeenisdaiiansan 1amsld Inwaen dagu (Pilot
- 2% v v -
Balloon) %38n151% 153u8 (Rawind) Fuflwniesilonsavamiosgelasld szuvingasae
a A E) 7 o [y a q’f dy a ~ d{ g @
aeufiamavesay eldlszTemidmiunmsin nelluSnangenniulaniullanzia
15911939 2000-6000 W (700-2000 ¥.) Wniuszimsaaae lufamermeuievensiu
e vetauiNarea1eq o landsussaumaaiuvounieetudelvl Wondnidos
auNWALSIToMITUNIUAANIYeIaN ns1zaei lidom ldnonazdonarlums duinn
A8
Y v a Y [~ A a TP 0 A a a Ao o
oninduldanusiveuniesdy 100 luddetlue WoluniunAsmisauniauia
9 =4 S W A a a Vo o 1Y A a 9 [~} 1 a
AreAu57 100 luddeda luamsesiusydiusgiun uadunsesduldaiusuniauauan
Ao v =4 1 o = A a 1w S O @ 3
NWaA20A152 100 Tuddedalue anusveuniasiusziiiu 200 ludaedaTue fariu

a a o Y v 9 9 any 1 vy
ﬂ’]'ﬁJu@TNﬂﬂVI'Nﬁimg‘Vl'lsl'ﬂlﬁﬂnﬁ'luﬁgﬂ11‘5%10“@3@1““’7?’! Nﬁ‘ﬂvlﬂﬂﬁ']'nﬂua'l

o AN
2.2 MITnauAINY
2.2.1 nanlaeina il
#1931 “an” uwwwedy mMsmdeulniveseiniammizlumisuuIueu  (Horizontal
; a0 P, Sy slvly ' a o ) &~
Component) UAMUAEY M3idaauiifeld lamivesfianisauuasanusaudoauaaiinms
P <3 ' =] o ' v a
Wasuudasnnuiiediesiass Sondn “aunselyvn” (Gentle Breeze) MsIadiAmeay,
o ] dq’/‘ 4 [ ' ] o [
anustaunse rnez i lanauiusudiudesldindosiiota uadrldan1son11dinlese
9 Vo9 et A Ay a 4 9 ' P
arwmsnzszuum a1 lulinisndoulvivesan vsedraviianusdesnin 1 uen (Feu

nunuednalaYlseun 1.853 AlawasdaesaTug) Sondt “avesy”

2.2.2 mtufinanandsan
{ @ W o Y 4 @ < o '
Tumunomaiidgdnyeinldiufinfestuanuduazinmevesan Tneldgnas i

Hhida Gendh “wuun dgarsezlfifhuduasatefivenlinswfiamevssayiniaun



a ' Aa 1 ] v { 1t
nniale dauvuunfidaegidaognasezuenldniufwnubiay dinaunfaegi

Y & u’ll Ad o o < Aw & a £
ﬂmﬂmuﬁuwadgﬂﬁ‘suu%zﬁ‘luﬁmuwmmimmmmmﬁ ﬂ’JTﬁJLiQﬂJ@QﬁNWUN‘V]ﬂﬂUNi‘K

Huuea w0115 Wud/ 92 1ue wse nu. / 92 Tue A8 )

@ - ueNY o
ANWSIAU
Augnets
O—/ . suen
&
O \. - 10ues ——gniimsdana
------ —frmanauia T
O—‘ - 50u0A

4 v @ oS a
U1 2.1 uansdydnusinlunuarusuazianevesay

a < P
M9 2.1 LEAIANSIaNVRY luWBIn (auuuun)

au§vesa P
minuav| Foydnuel yoou Usingnisaififadusinniiavesan
lud /47 Tug na /2T
g ¥ UM § Y 4
0 auaa agnit | dnhe  [nfuassiiuns q
1 \—O aunn 1-3 16-48  |aYuassluaway avliannsoRadudioumyundnld
3 K augou 4-7 6.4-113 [lauiannsznulun’ ol v Sudioumyundull
AR

3 auTwy 8-12 129-193 |Tullundahhin seuugeaignauiaindoansa
4 augou- 13-18 | 209-290 |delfdnundahn mvSeimunszamezlddlumuoy

tunan

' a 4 4 P
5 ausou- 1924 30.6-38.6 |Aulfidn q ouldaway Manduluumaniluiudy
' ¥
Aoud s




ATUISIvBIaY
o ¢ A ¢d a & o

vnoay| Joydnwal Foou Usingmsaifaiusinmsiavesay

lud /42 Tud na. /42 Tue

6 aueou- 25-31 | 402-499 [Aaliwinalugiundallin aeTnsiay awTnsdmi

159N dudvagensldsmiulydeanumndn

v
Yo Y

v o/ ¥y a Y.
GHITEAE 32-38 | 51.5-61.1 |duldisduTewenlin avssWalvgiduniuavauas

thunan

ausIeA 39-46 | 62.8-740 |duldinlAu Aefiavneunedegmina

y
Jaun psziioayandianlaalilawan

Wy 55-63 | 88.5-101.4 |Auldioeusinoeulnu daneadiainaiy

Wiyia 64-75 | 103.0-120.7 [szsihoenndaynedisianwigiann

Wwosiau ¢ | uanN 75 | ¥R 1207

9 \—O AuTI- 47-54 | 756-869 |Feneadenliniununlasuanudonie

2.2.3 MIIANNNS AN
2 g 21 's 3 ) o 21’ A [
1119991n518UA NS e swornsaiemaduldidunen duly nTesda
g 1 3 o 1Y) 4 4 ]
anusiay Semsuteanaiiuueadiy MSUTINIUNEMINGINTDIOINIARDINIAIVDS
< a 1 H [ [ ) o a I~1
anusrauifumarlurIm 10 U NBUMIASIT NIBTLHINNAVIANUET 5 Uoa
Y] ' g Y1 Y a a ) o 4 v ' ) v
uazdeseuli lamlndifvsueanga Maulianuiatosndi 1 uea 1sieaud “anasy”
adwv Y di I
A INNIENIDIND
A @ <] P o O ] A (3 9
1N5093ARMUE UMMM AUFIMTUANVYIHUBINDNTNEINT I szdoaiiu
A A Y A o K Y A o o @ A 9 [
w5 oo 1ansetiufinsemslalundimsduinanu ez ldlumsazainlunsnini
a %1 ] =1 v P - =4 4 @ d
masvesnnuSauluYe 10 R ¥SoIEnINNaNlAMLSE 5 wen A lHATeAR NG
P @ Y 4 [ < 1 3
auNa1150TUTNNS 091U 1AA20A09  UNUATDITANNUISIAVLVUTITUAT ANUDIANNIED
v 1 9y
aunazfanauivauunszarsnsasiisaiutiy  szlianuniaunndeslimidy a1
i i vy o Y a5
ANURAYYBIANIADI A 1 AUNANVDIAMINNINVDITOYUATI U
zﬁ'amm:,jwmm‘manmﬁummﬁéfaqmﬂ%’m?aﬁﬂmmL%";ammnﬁuﬁﬂswam
Py ¥ [ /R a :Il 1A o 4
18luszoz laa Aeduae Iinnnsoaundmihilndddadeegniins uazinsedleszdosld

(-} g - 7 = QJ W 4
Saaunselenlaane wiozdoslinnulig @dudseanslumsdmaaiooun) Asdiean



¥

P < [ o A 9 o " a a p=} 9 A a =] a R
Wasuanus lastunau 1n5eazaeaiinulumy 1 3un oraugalianuEInlau
o P 9 o 9 9
FuseANT IUNI5AINAIABDIND8AY

¥y A & a o &R vy o v Glsld 9 v
DUATDINILUUTITUAN uazuuumﬂuumﬂ"lﬂmwummammn HIVYUDAIULN

1 ‘:; 9

vy
. : : ' a 3 ]
Uszdunodlddan el ldmiigndouniuendte 1 wen daudalinnuimIuy
[ a Q( [ 9
Fuszanslumsdmaedastiosas
wienltlumsia
V| dg Yo 1 3 o ° @ 9 ' o
nienlFamvesnnuisiauiu e1eiimsialanateniie aeil
Jd >,
- uen (M3 luanadasdalug)
Pl TRk
- dlawnsaodlua
ed o
- luddedalus
- Yadeui

v @ T 1 ' ' dy g @ @ Y
anuFuRuTIzrNmuaeg waluaasliimiuaimseaeae il

{ v @ d ] v { o 4
M319N 2.2 LaanMIFURUTYBINUIuA 9 AlFlunsiaanuisla

L wasaeduf | luddesalus | Alamasaedalue | yadedund
(kt) (m / sec) (m.p.h) (km / hr) (ft / sec)

1 0.515 1.152 1.853 1.689
1.943 1 2237 3.600 3.281
0.868 0.447 1 1.609 1.467
0.540 0.278 0.622 1 0911
0.592 0.305 0.682 1.097 1

n3eeiannnirasmuulieimsnszan

Wunpufidefige uannugndeaniudrlumsialdldanedszana dauilszneu

A o = - Y A ' a T a v a 9
vounsowiuduududmdoy 1Wild wielulanzedaunanegiveassay Tumwufades
Y 1
g 1wl Idduasan wasiumenuuvesnu Tanswie 1R lAnnduasay  Aafuunud

= dyd o Y o v & o @ oA A ciy:‘ .3 a9
wasuiiSeumhivaveginue Weaukaudznsduududmasuiifeenszaniiu idu

o g vq ¥ & Y o d’l ' @
ATHUATNAUDIAIULIINNG ﬂ]@qauulqslﬁlﬂu‘lﬂ%ﬂ%’]ﬂluaﬁﬁ’mﬁiﬂiﬂu&ﬁ’nﬂaﬂ




< 4 o '
31"7] 2.2 IATDNIAAUUULLUNUNISAN

' ' g & ay ya g A o\ ' lalal A
msouaweImnatiy Weasnaud lAlianusnefiegaaoana Ay ldnse
1 1 1 [ 1 v 1 1 o { Jd a T
Tanzdouunieliundan 1Wdanagiundsegsznieduimuamnamaoiunus ded
[ ] 9 A Q’ll 1 ' 1 9 Pa v o YA o a dlsl
Wy win lduse Tangtiuunisegsenindumnan 1 dul 3 Iddeaeinnusamdendu
' y £ 4 4
swmuamnaf 2 Wunaeideiidudy dufudilahdusmuamanii hilssnuiuinas
Tuvlesa
A o o y v
in3ea¥nnanaumuvlygndae
& g v Y 2 2 q oy g v Y £
el ldensnyuvesgndisgaimsenite daldldanitgndaeasmsinay
v oqu & d'ﬂ v o = 4 o 4
wazvovihndehldyuiuin wwuiidugndle 3 lusiuliusunisemyuseudigengauay
y 9 2 v a yy 4 4 ) 4 2 H
Tavldgndaegiasansansavezandasia laundieanfeunlaslyl diuveniiyuiiuumiu
] Yo v @ ¢ 1 =1 @ & o 9 ) ]
wy2u 1 Snyanuduiul szrndeanuiauduanusigndronyuldiiulledis
v ' 9y v
aduawe wuSwnuryuiudsseenuuued1ed e linumudeaudheinald uasvaizi@on
v g9 9 o [ Jd o v Ay Yt g & o A o
fundeslvidedmiumsneminiundediudie 1alidesnuuuimiosinauuilsegiu Tay
4 o Aa =3 1 : o A ;
Tdonmsnyuveuniesduia liiuang denszualiiharnnsessuiia Wil ludmid
- yﬂ ' g
nyl danisemnaAidumvesnnuisian
9y =t = 4 o vy & [Z & o
YorfTvuneuveuniesinauuuugndlegaimsensie 3 luduniesiaauuuugn
&
daegiasansenay 4 lu
1. wwwildgndae 3 Tu Andwuunldgndae 4 1o mnzusandessseudivennyy 3

51 119‘ = = 1 9 (1 SII T Py @ 9 = 1 °y @ ] T
U IATSLUIUANI LUAZ D LY IAUTDYNUAYINU LUD 3 “lu“lm&mmmmmwunﬁuaﬂmﬂmw



10

Y 2 a 2 o ) o
2. 02wgUnTmsanswanndegdaimsinay wsiemsiuusalznzuesandiund
A = U A é o

davginTemsansweslimsgannnnhidronunnimsanay 3 limsmyuvosgndaonyu
Y '
1adnm

y o 9 J [ vt v L% 9
3. veuvesdaedh lddugdyuiiun idiinnw hdesmsnnfuvesnszuaauios

AVOVITHUTITUAN

v [ v v
Tumsnanesdequlsing guanianavesunsesiaauuuugadetidiuiuui un

[

a [~ Yo Ao ' Y
asuvuIamEmn lW51$ﬁ11115ﬂl‘ﬁ?ﬂauﬂuﬂ’]a\i@ﬂuu']ﬂ“']'lﬂ

)

s p——— e I
RO Pl TR AR

Indicator

2
uupgUiae 4 Tu as9aenay

= A o Yy v a
jun 2.3 n3eeTanunuyldgnderiianie o



11

A w P
3o inanuuuliluia
i 3 [} (Y g 1 a g o
wspauuil ldomsnyuvesluiadmiuiannuioy  adufrmauiuyieg
] « y Vv ] v H
aundwgiliniesdu inTesriaiiliiunsesi 14 IMf Goadwuy “Acrovane” funuuii lides
v
14 ualdanunavesermauny Soniuwy “Aerolog” Waapwuvuadislngusim
Bendix and Friez Instrument 15 2merans’ 3 BIUTN
A i @ & Y Y A a 3 o
wioanuuuelsnulszroudleluia 3 Ty TnsunSesndiefunseeduvinaing
Y a 1 & tsy v & o Aa [} = o
nihiidursaudnegilawseam ndoauuiildernmsnyuveunseatuiia i wudesu
v ' v gy o 3 & ' A A
uvugndw deme tindamhimivenanuds Funisanailuludrioda Tuansouen uaz
4 Y 4 a @ a a 1 < ] o
diostsan (Andwgtingestu) uldawuiemeauluiindie fazdeoinmsvesiihannds

9/ L3 a vy
ﬂu']ﬂﬂllﬂﬂﬂ'ﬂﬁﬂ']ﬂﬁﬂﬂ'w

Recorder Indicator

Transmitter

i 2.4 1n3eeTnaunuylua



12

M LY a <] Y 4 ) 91

adens Ieauiinenuussiamatazanusanldaoiioin ¥aoaoln

4 & P~ v KX a =4 ya
TWhinseaasisny ddithnmialduunszarunseatiufinfianmuazanus auldae

1 ﬁ‘ W
aoiinanu laaoam

T =
?,.l»r! i 1] 1

| T I

pos ; "u'f L) \!‘ lzj

: 4
Pt £

=l

"-—. -

Sy

e

Y .
- ommrion bl '3 b
A
e v BT
. &
¥ ==X

Py

_....ﬁ
S

X
g ¥
L ¢ ~
e e N ke

S ) GO
"_...&WN.,«.,A -

d' L) v @ A2
UM 2.5 nsgmmnsdmsutiuiingvay

Tugi 25 ueasnszamnsmdmiuiuiingssan Taonszaunsmzldodion
L= < A A v 2 a
tufinnenuanuivauduluddedalus  sgaunsmzduniesntufinfiemisvesauuu
nszans i udrudiuaushees Suanuazdundeduauhenz uoen
A v -1 Y
1n3893AR NS TNl ANNNA
Aot a Y 1o A 1 2 a4 Y] aa ¥
Wunuuidfiqauusiinnugndeaniud@niuuuduafinguuds  wuiionld
o 1 A <, & Y "o £ @ Y '
Auunsnaneaeuuy “yulslmd nSesdssnoudisriosuay Fannirsavaundiua
v :‘ kY [ Y 43 o w A [ =) Yt
voadnimeldgnacy Augnassliigeiumuiidvesay aumiegnassluganiieenldsn
' £ & {] ' 4 2 a o a
NoNiNFUlUNesTLIwaN MIdouIUAveIgnassAndeo1ns ldauvuihnm Ynndaly
2 o N ! o 0
vunszauAsTwl daiuegseunszuenniint wseawnuiiildninmsfuiamuaunny
] N 3 g [ o a
nA, VIAYDIYD Uazdue Tdiwnunanazanuiian uazasaudsldSafiameandndaely
) E4 v v
A3124AYITU InTewuudl fleymsifeadu i ld Idazainudluilnagmsaunay uas
1¥3naunszTon 18un

A o L4
1. nsesiauuuvyulsln



13

4 [ a U 9 9 ] o @ 1 A
Hunseeiaaudlszianlfusnadan ldnanuudilseneudledudde 3 dau e
®  FIUVUVDIATAN
v '
e imwievenoy dmsuAndwnudmIanTesiaiinnieriennunauazioganaziiu
A = v Y
IN509UATIUYUAIY
A @ &R = =1 ) é’/‘ (] A o a9 3
® A3BAATUNNTIBIUNANIWAZANNE AN Fedpeasag luuuaRsiuATaNuAl YiBanu
ptalinda UndamnuuaauazHudiy
2. dIUDULAZATAY
a Yy g [ v = 9)
Tugdf 2.6 uaasldmudnuuiazasay A Wuvedawsasaudaomeezidly
v dy dy v 9 w ] P=1 CV Y d' o 9 1
naviell asantiiziunihsuavegiawe Taelineiny deauwadn lulune A
wnaliinannunaderiuilés Pressure outlet B, naziinons liidunsossase
4” U d‘ 1 [ Y Y Y 1A G,Jl .& A é
NUI9a199 Pressure cock (a). iodunaiu 1idlenedndunilsiio S Fuvizg

] ) o~ &
rane souquateg imthidu Suction holes, C 11 Suction cock (b).

- VANE

3in
 Farm sapltie g

Pressure
Opening

241

Conical shield

Prasscre

Outiet

Spind
Coupled To direction werrder

Tap Pitsing |§ Couping knspection cap

31 2.6 n5eednauuuuTslad

3. Uny

t4 v
IS 4 = é ' s s 4
nafsanideenisaslifuniesasisnuiinnmvesandeegsaufuiuniosnn

CY

<3
UNNTIWNUANWS Y



14

4 3
4. 1A3099ATWIULALANUIS DY
4 } & ’ S d dey d & A
inseamuluiszneudioniosgnasy asasvegmilerh hildassdluhnau wie
:’ ~a QJ oy I = L") {3 \ é 1 (Y =
hagoauign viethdunld) veanunadnegiusesitenelugnasy FIogintioszAUAD
:’ S 1 G’l’ 13 (Y 1 ” 1 1 [ d’ U
i Taelivensliun91nATINAIeUBIng 1199 (Suction tube) deomaae ldandenie
& = 4
1oNQNADY Feogmiloszauimini
t:i é " a, :l g 1 g [V [V d'sl
*vmsQﬂaNmau‘uwumqﬂaﬂamagmﬁammuuﬁﬁ'mﬂaﬁumﬂmauuuﬂmmwmu
dyd a [ & ~ 1 <
gnaseiiliihnmaney Faazia lJuunszaunsmuenmussanustay  aauillatugaues
9 a9y o o w (] & ] :l‘ =1 Al [ g
Aufidraanadmsulagniu eanugjaninelunmsasia o veuniesiannuisian
' v v
ABUANYAVOUAIBINYIBIZVIW1190N (Drainage Plug) WIIZIHLeINENIN YD
Y A 9 A g A @ ~ (] ng o v
Yawesaudnunluaiodlda  wielifeminauiianuazmswngnassiiuas  o1vild

L o

S 3 v A dyy
ﬁgﬂﬂu'\q{‘mulﬂﬂuauﬂﬂﬂiQﬂﬁNlﬂi@Qﬂ‘lﬂ

]
[

otlosiulilignasomyu’lll wieewdesly wihndeuld wasidgdin
o vy y A & 9 @ :’ @
venwimasauda 13 iveazalnlumsies lanswszauiluds

b

2.3 MIIANNMSANUALNINIAALIUANS N
[ -] 5 o'/ [ a » & 1 q'«
msiannudamiu Tavia lWiFSadun Tawasaedalug wieludaotaTue W1eh
o ~q Yo I~ " a =3 A L= aga
Afaiduuen) luensailFiaanusaiiuradetunil niailumasaedurhnd
. \ N2 2 .0 4 2
FmsumsmanziuauEiY Uszinaueineimsvesdansuaunvany lunisid
I4 ] a v o =1
waiseon luresa  uvsnrudssngulddugddmuansasdssnannuiauidu 12
v v
g1 fauetl aa. 1805 Tasdeeioimsnlusesvauaepiundn doudeldnSoumeu
o w o 9 1] Ay 9 £ & & °
mus18svesay Tagenisveeniuthe seths vieduld tazomisthudewiumsesdmua
4 = =3 @ o [ o a a @
Taodsemauuiuau  udafouiludasiTuesa dewesnnisgafivuineTanlddSudlye

msmanaziANuSwesaNIuiwins 17 Tuveda uaglddedlundnlfiaduTaoia

2.4 YUABUMTAI1AIUATITOVAN
9 A [ d c’: v AN Y 9 9 ay 1 =3

lunsadruniosianuiiauiy asnlananuudr luneuduvsailomdiungu]
1 ) 9 1 d'dy kY d'l [ o 9 a 1
Mannseadieldnaegluuy wiluifles diwiesiannudranuuugndoauuny Ausdas

- o & o o - {

unuvesgndlozdnuiu 120 esmn FelumsesnuuvadeiuldiverTasgilnssifinila
PendaudasTaseunsanezii il idau1dess

y o d q,: [ dy
Lﬂ?ﬂ@?ﬂﬂ'ﬂu!i?ﬂuﬁﬂluﬂﬂuﬂ’]‘iﬂ%’l\iﬂ\'iu



15

v o [ v g ! 1Y o ya
1. eonuuuiumandauauiiuziisnaylaouteduaduiinenua 60 dau Aegui 2.7 14

yaFUHUgLENA1E 3 IFURLAT BIUUNTZATHAT

F__

e

d' v el
3UN 2.7 uRvwandaLaa

Susunaradnlafidaammn 1 dadwes wuneyldwetuununouniosiios19in
Wunnunyu huuugihenani ooy infaasuudunaiadn wdaiadausi
waadnmuLy nnunsadaufidhuadeonianualasvzmdodanfigeamsiios 30
dau udnihldedaalsdds fel3liuudanonnszamnfimiosen fozld
AIUVDIRAAALTIVDIANNTVIINIU

2. wSwnaduiuguinms 14 wufes 2 ?:um@aﬂﬁﬂmnmmumwmdm
teainauaslive PVC anum 20 wudiwas TaolRuuialdamaeis pve e
aosduwenvey ldununeuniesvuin 26.5 wuAwas Taslaisveanunsaumraesaiu

-& o o s 4 1 T cu 3 d'
nilazihmsiunaguie lduiudaes daguh 2.8

“‘3.7 cm.+ 20 cm. J“Z 8 cm.’|
¥

-4 =

bearing ?
1.4 cm.

Side View

oyl

= y 2 v
31N 2.8 MsdsznouUNUNYUNTBNILFIVBIgNAIY



16

9y 9y
v ) ¥ a Q ) ) &
ludanveersasnanosiiszegnislunaod lagreAaddy UULHUTIAUIAAFIT NS0
A [ 9 ! Yy o &
o vduldlumsiszneudiuunumyudiurunies
[} a’/‘ 1 1 4
Tudauvesgndronyuiusenuuulaslddinseuns PVC 1duruguina1s 2.8
wrufmas Taoihmsmivuaanizduudinsen 3 90 Taoudazyaszvieiuiuyy 120
4 1KY o o 1 g v v o 3 4
parn tielddmuoudmSubannunyy  daududenmudsaiuimsiimuagaio
) g ' Y ° a A Hq 1w < 1
wizgdmiuldunuvosgndin uazdmuagadn 2 yaieziiuganlddmueudadiuh
Y w £ ' J’&' 9 v v < v A
aseuidfuunuvyy Fludrutiiuezdedilanuuiunuuazidausaeg1aine
B - b gy
Heafunnudome Wewniludufinguiiehldasedevay
o { o o a a v [ Y
irhaseundmuagaizeds hnunsdn laowIsusSuiNauasIsMsUal 910
£ v
iutueusFuikauudwnasludaseudiululasduninveurhdly 0.8 Tadiuas
Py 1% Yy a & o ;1(] v A& gy gy ¥ <
uazne Pselisduudeduiiunm 1 3w e liwioulsaumniga
A [ a a yd 4 o ) o LY o
ie larnseuimsdu PBgwdednds thldwzgaugansmue uaz sy quinma

= a & i & 9y o \
an 2 (BUALNAT L‘Wﬂiﬁuﬂuﬁqu‘ﬂ’ﬂﬂmﬁ@dﬁﬂﬂﬂfﬁuPhﬂ‘iﬂ‘l]

[ 7 LS CMASA & <

e | ] N | T

1.7 cm.

e}

jun 2.9 thaseunenaziiunldunugndae
o 9y o o & s ] g o a dAao 2 =
msigndredmsunsesiannusrouin e maaanitidnyanunimsenaud
1 J a & N : o ' v U
yaduiuguinas 3.5 wudwas Jurazgndesdivinauaziimiinoiiuy dauuny
9 9 A a ' Ay P
¥93gnH09z Igununeundennue 5 wuawas Tasdiulatsununsuvaediumil

7

wianTienduuiuaauanuianiie 3 Tofiwes 017 3.5 wuRwas dag1i 2.10



TIUNHORYANANY HIToeMnAIAIANSZL Y

17

=N

f

<+—3.5cm.— >

3 mm.
=2 Y v
Lmﬂ&lﬂgﬂﬂ?ﬂ gnmﬂ
1‘—'3.5 cm—‘>‘4———5 cm.—‘—“—‘—’l
eX D,

L)
unuBagndlgiazunUNB AR

mwAauNegndewiounnuin
51 2.10 msalsznengndae

! (9 1 { ° 3
7. Uszneuunuvesgndndifudiasen Taeldamgamiziilddmualiuds vmiu

1 Y] P o < [
1Jizﬂaumummaﬂﬁ'wﬂ:Juﬁ’hﬂuuﬂuﬁuumm“ﬁmﬂuaum%‘foammu a1ns0seneul

U

Uuphﬂﬁﬂﬁl‘il'lﬂﬂﬁ’luLLNuWﬁ1ﬁWﬂﬂﬂllﬁQ noulsy ﬂ?J‘UIﬂl'lﬂ‘Uﬁ?H’JQ%SﬂBgﬂWUiuﬂﬁﬂﬂ

A o 1 P [ < = 9 Yy a Y & I
idielsznougiasailudinunsosiannuidrauGsuieouds neg lddmveuniosia

46248



18

J

2.5 1493ATIVAO VAT 1A
vy v
29959AANUE 20U l4MANMIUBINIIATINTLLANIN Infrared Emitting DiodeNHIU

o A o o Y ] o/ o/
i$1%2 Photo Transistor tHefulladuussfuudwimsvnodggulasldndnmsves

Comparator 1ng14 aetluewui

BV
T T - T )
< Rl < R2 2 R3 < RS
1k 2k T 1k 1 1k
|7 G
OPTO &——/ 3 < y
R Sl 4 \l %7 ie -
! | LF357 >
| —L v 182
1 —7 | ] R4 Vout
R o 2 4 1k
H21A R4
J 10k . W\

¢
o

g1t 2.11 nesasetunasilFumstanausan

nngufi 2.1 detiwussdulnuan 5 Taad 1us Infrared LED aziinszuerlvihina
HIUFQ Infrared LED YWY Infrared LED 1l00uuceennun @aunisduiuiasis Photo
Transistor }ﬁas"mmm‘lﬁuﬁ'aﬂzﬁmﬁdm’hm Non-inverting #4111 48 UAINII1V1 Tnverting
vosoatueud ilusewiynvessedueudd1&iiaudiu o Taad lflifnszua'ly luda
wavesmudaaed fufie nswdaasoglusas Cuoff uie Lifinszualvariues i
usasueiynfousstufininenanmed fifwiiu IWiduede s Tood wie doygnaiii
andnutlu «1”

uAdMINIIA2 Photo Transistor 141A5UNE99I0AT Infrared LED sevhlfiussduan
Non-inverting 483001uou{linnAiIa Inverting 11189910 Photo Transistor Mifinszua'lva
d s lfussieniynusseeduoniit I8 sududszuna Iduedo 5 Taad uazluludaen
wavewmsudmasiemanszua nadumsudmany il ussdueniynionseiud

oy J A o Ad v a
yineaawes Jalszuin olad niedyanauniisasnindu «o”



19
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AMNIFIaN( m / sec. ) m’mﬁrﬁiﬂ'lﬁ( Hz) | A2mFaau(m/ sec.) mmi’wﬁ’fﬂ‘lﬁ( Hz )
2 24 6 119.5
25 36 6.5 128.5
3 48.5 A 141.5
3.5 59.5 A 158.5
4 69 8 125
4.5 80.5 8.5 190
4.7 84 9 207
5 93.5 9.5 218.5
5:5 103.5 10 234.5
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2.7 ‘nqvﬁ Simple Linear Regression

Simple Linear Regression Ao N3 nanse@auduuudis unmsuaasanuduiuivos
Fauls 2 faisasnanuasfndesiumuidadu Taefigusdmiduzudovusves
parameter 13 81HufIMAIMUA Al g s gamisdinudoumasen e satums

asunasesddsunnndedauiiunuy liiueu (Random Variable)

X : @0 5AU (Fixed Variable) > Independent

Y : @u/5a1y (Random Variable) > Y depend on X

Tag  X={X, X, X}
Y

Y = {Yl_Yz ............. n !

& ]
Faz 14 euns e AGOR R A N D 12 | 2.1)

S(X-X)Y-Y)

=

Tag Sl 2L alrara b \\ e "IN () =11 2.2)
L(x-x7
i=1
I by & 17 JWIe (@ JJ....... (2.3)
d' - A 1 d’
) X foAuRdevRdIX, X, prom
Y AoAumdevedy, vy, Y,

& v w 1 < { {
"IN‘i)'\ﬂﬂ’J']iJfﬁJW‘H‘gi?,W’JNﬂ’J'liJLS’)ﬂ‘JJLmZﬂ’J"INaLﬂWﬁWV\ﬂJ@Q’BQ%iﬂi’)%ﬂﬂﬂah‘ﬁ
L= P
uumﬂmﬂmsmam%’n
X 9 AUDLINNNUDI995ATIITO VAN
A <
Y A8 A0
o Y a g9 < = o A
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Y=13273+0.035sx 24

qall o 14 < a A o
ﬂ’lﬂuuu’]l@’l‘ﬂ'mﬂﬂ@ﬂ?ﬁ%iﬂi?ﬂﬁ@ﬂﬂ?’]uﬁ’}lﬂﬂuﬁzﬁ'ﬂﬂ'l‘SL‘])'\iLfafJuV]llﬁlll'ﬂ THIU

1Jszunanaluniiie Microcontroller
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UNN 3

aIunssaeury

3.1 nguRneInUsy
3.L.1 el (RAIN)
da & a0 q
duiifatuludszme Inelinanue 4 vila Ao
H v b4
1. Aufifiannmsmanudeu (CONVECTIVE RAIN) 1fafuainmsasuaigaay
0 14 k4
Yoo 1MANgUAIIEZIINTIeIMA lassey HuriatliinanusnmuAL sToznmdus 81
anminuangaisa uazifhnzuesld dauannenlugisszrninaieiei
[ E%
2. #Qinn (OROGRAPHIC RAIN) 1A91Amssnaauesenmel lungiunny ey
Y [ ' y [ A’ll Ao =~ 9 A 1
uszanmedusuan daudundaagifiuiunoudu Deuamioense luliny
3. shunnmenyuwedou (CYCLONIC RAIN) H91nn1sendiveseiniafiaoud
v 9 _ M i ° A 9y o Y v &K % I~
witu dgndeuanunaeimadmsorgnyuwadeu M lvisuanmindaminuindy
[ ' Y
Smndi wazeandadeiuvmeiu eudumsinmgatouiu ildifangimuty
v ]
wdu nazihth lmavain laemaelsemainelimgnyuuadoudunias 3-4 gn daulng
wilumwgRnls dau
4. JuNTBIAIUNABINARY (LOW PRESSURE TROUGH RAIN) fiadnnaunziu
sonimudlduazanssusenifeunindoadidmdulunusufadiusesnnunaeinid
o o Y £ J a o ' ° dycv p=Y
& i emasndvunadludunznigduihazuss uuaesnnunasIMARiEnlHuaN

v v
gArULLY DIRuRTHuanmin

3.1.205nahely

msseudSinaniifianluszeznm 24 $2Tue Ansanaumdnmsvesuiian
TudszmafiogiuTeudouluiuusgu fail

- duFad a1 14A (Trace) Ao
HuaniitSunalesndt 0.1 Hadmas

- thudnilos (Light rain)

&0 shunndaud 0.1 fadmasauly ud i 10.0 Tadmas
- dutunats (Moderate rain)

Y
Ao duanAd 10.1 Tafas D9 35.0 Naawas
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- duntin (Heavy rain)
v
ﬁ?) AUANAILA 35.1 HDTINAS ﬁ\‘l 90.0 WDDLUAT
- fununUA (Very Heavy rain)

o?t' v a a é’
Ao Huanaaug 90.1 Nadwasayuly

3.1.3 AUy
[ o/ n'/ A o Y dy

MIIanMLLS o IHU (Rainfall Intensity) 9z 3anelu 1 42 Tuslismua 13dell
- i mSerutlon (Light rain)

A s A Q’J’ 1 A u'/

AoruanTUSumAwe 0.5 Haamasnelunar 1 ¥ 1ue
-yt unaneavsoruwe eI (Moderate rain)

A A A i ' A a 2 = a a I

AorunniiUSuudae 5.1 Tadmastulite 25.0 Tadwesaelunar 1 ¥ Tus
- U N (Heavy rain)

a A q’/’ v a a ; a a o

AorunnTiUSudue 25.1 Tadmasauliae 50.0 Hadwesneluna 1 ¥ 1w

- duntinunn (Very\Hcavy rain)

v v 0
AorluaniUSunds 50.1 Taamasvuldneluna 1 ¥ Tue

3.2 Myarymharmsszive v (Measurement of Precipitation and Evaporation)
3.2.1. %’Gmﬂuﬂiﬂﬂﬁﬂﬂ (General Requirement)
o o o =k 2 o A
Sruaunanuavesnnaid (Precipitation) @eanasuianussnmeagiaiulanld
v = & : A’I‘ o A a ny
Iaduanuan (Depth) “Hii’)ﬂ']"liJ'ﬂU”l‘iJENﬂEJ']ﬂH']ﬂTUuWHi%‘/ﬂ‘ULSEJ‘U Iﬂ&l’s’fﬂlﬂlﬂ’)?ﬁmﬂu?ﬁ'}
1t A K Y g o a = 3’ < 9y ' sy
VL?J?Jﬂ"Iiﬁ&'mEJ‘H'i@%N?JBﬂVLﬂ LLa‘S’,ﬂ?LﬂU‘DWN')UWN%Wi@UTLWQ‘O%’,ﬁ@ﬂiuﬁ%ﬁﬁﬁmﬂﬂﬂ'ﬂu Lag
v A IS Y [~ = a A A 1 d‘i’ v A o [
mmwmﬂmm’smﬂummaﬂ%wmwmwfﬂmmUuwmmumn ff'lﬁiUlli%’;Wlﬁ"l‘VlﬂLﬂ
' 1 aAa 1 g A 9/ IS o?/’ A 1 .
Tinedsngiifiuzas daugartulanthafluaieasn Taomnndelwngiufhnzusseda
[ 3 K229 @ 1A 3, P 1 a a |
JuITs fAeduistedsamsdanadIunaveairufissedane wag Tasnysemaineiiu
Y Y
Usemsndngsy axiumsassiammvesSnairutefianuddydivedenn nsuegg
¥
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o W a ° vy
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3.2.2 vdehldlunmsia (Units of measurement)
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3.2.3 M3IAS1MEN (Rainfall measurement)
g .
N30 )ARY (Rain gages)
2 w o 7 < a a ]
usaaulumsiadmanthruiin mamad 1Adudfaaiuaiesiaruludssme
Sand iiiedl adt. 1639 1nTeulszneudaoudmsenszueniiduiguinanihnnszuen
& 2 g & yysaw 4 = 0 9 o =
Useanm 5 62 wazdn 9§17 dewtelAT I aunmsFesunaubvnai MmunInRtun
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) £4 y ]
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nanvesdsessuiumelundsindy 1710 veaduimguinansvesthnds meouen lasi
4 [ 14 ] [V Qy ny Q” ] S 1
TR uegiivinadurguivesihnfameneniiu 8 13 6 7 uaz 5 11 ed1elsnalihe
[ =] 4 [ A o w ] @ Ao @ @ 1 dy
Iggvualanay nsesiaiuildlszirinwedesuiiullmuvdnnasindfigae lui
A
flo
v v v 0 q.YY & A 2 9
- apuveahndsdiuendesny  Tasfhldamhuiununfedasediumunenan
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k4 v Y v Y v
- Feddiilofiunsgonhnfalilndifes 0.5% uaziilefitlvzdosnanaganen bl
o Y Yo o J g 2 o yyw o q ¥
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TR B NNBANATT LAZIUNAIAYBINTIBABIDETIDY 45 DIRN
msaru (Rain measure)
v ac Q'l = 1 Aac 1 A o
msadumudssssumlaenaliieg 2 3% fe Mdudaasedimiung 14 liussiia
v @ { [ [ a o o (3
nisdn ufafildaedeuiiuudale uaziidulsednivesmsvneiaduazdvsuonlvidaiu
1 o 4 [ [ 4 ] J
e hldRumnsesiarurnala vinaveadurguinaisvesudiansdesliland 13 vos
v A o v Yt vy s el il
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Y o o 9y = o W y 9y Y Yt = 9 YR
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a A [ A Y Y1 Y A a 1 1 [ Y w a a [ a a
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d’ . . a o o A
139N 4.1 Declination ﬂl@ﬂﬂ’é\‘l@']ﬂﬂﬂﬂi%‘lﬂﬂ

UNIIAN AUARUT Hway
fui azAgA azAYn azAgA
pam | aen | WA | eeen | &dan | WdUm]l esn | @len | Waden

1 -23 0 | 4548 || -17 8 | 2584 -7 38 | 35.85
2 -22 55 | 397 || -16 51 | 1534 || -7 15 | 45.59
3 -22 50 | 543 || -16 33 | 4717 | -6 52 | 492
4 -22 44 | 444 | -16 16 1.77 -6 29 | 47.07
5 -22 37 | 3636 || -15 57 | 59.55 | -6 6 | 39.61
6 -22 30 | 4141 | -15 39 | 4094 || -5 43 | 27.24
7 22 23 198 || -15 21 6.35 -5 20 | 1034
8 -22 15 | 3176 || -15 2 16.2 -4 56 | 49.29
9 -22 7 1754 | -14 43 | 1088 | -4 33 | 2447
10 | -21 58 | 3737 || -14 23 | 5077 | -4 9 | s56.22
11 | -21 49 | 3152 || -14 4 1626 || -3 46 | 24.87
12 | -21 40 | 023 || -13 M A el O 22 | 50.78
13 { |-% 30 | 376 || -13 BN 2597 © 59 | 14.27
14 | -21 19 | 4237 || -13 4 1019 | -2 5 | 357
15 | -21 8 | 5633 | -12 43 42 -2 11 | 55.44
16 | -20 57 | 4594 || -12 23 14 -1 48 | 13.83
17 | -20 46 1.5 || -12 2 8.82 -1 24 | 31.24
18 | -20 34 | 13| -1 41 4.68 -1 0 | 48.05
19 | -20 %Y PsL7s | 19 | 4939 || o0 37 | 4.63
20 | -20 9 711 || -10 58 L, P 233974~ o 13 | 21.35
21 | -19 55 | 5975 || -10 36 | 4706 | 0 10 | 21.42
2 | -19 42 | 3004 || -10 15 0.86 0 34 | 331
23 | -19 28 | 3834 || -9 53 5.2 0 57 | 43.95
24 | -19 14 5 .9 31 0.5 1 21 | 22.95
25 | -18 50 | 5042 | -9 8 | 47.16 1 44 | 59.96
26 | -18 44 | 5497 | -8 46 | 25.61 2 8 34.6
27 | -18 29 | 39.03 || -8 23 | 5627 || 2 32 6.5
28 | -18 14 | 299 -8 1 19.54 || 2 55 | 3529
29 | -17 58 | 725 - - - 3 19 | 059
30 | -17 41 | 5221 - - - 3 42 | 22.03
31 | 17 25 | 1827 - - - 4 5 39.25
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RO NOHAAY Uy
uit ATAYA aAa azAA

parn | aden |W@dan| esmr | Adan | WU || esm | Aden | Wadm
1 4 28 51.86 15 1 47.11 22 1 55.98
2 4 51 59.5 15 19 | 5109 || 22 9 56.69
3 5 15 18 15 37 | 3971 || 22 17 | 34.14
4 5 37 58.4 15 55 | 12.68 || 22 24 | 48.19
5 6 0 | 4896 || 16 12 29.7 22 31 | 38.68
6 6 23 3315 16 29, 30.49 22 38 5.51
7 6 46 10.65 16 46 14.78 22 44 8.55
8 7 8 4114 | 17 2 4229 || 22 49 | 47.67
9 7 31 4.34 17 18 | 5275 || 22 55 2.78
10 7 53 | 1993 || 17 34 | 4588 || 22 59 | 53.74
11 8 15 | 2761 17 50 | 2141 || 23 4 20.47
12 8 - st 5 39.06 || 23 22.86
13 8 50 | 1797 || 18 20 | 3854 || 23 12 0.82
14 9 20 | 5999 || 18 35 | 1958 || 23 15 | 14.27
15 9 42 32.8 18 49 41.87 23 18 3.14
16 10 3 56.06 || 19 3 45.16 || 23 20 | 27.36
17 10 25 9.43 19 7t 2o 22 | 26.88
18 10 46 12.58 19 30 53.58 23 24 1.66
19 11 7 5.16 19 43 58.16 23 25 11.67
20 11 27 46.83 19 56 42.63 23 25 56.89
21 11 48 17.23 20 9 6.73 28 26 17.3
22 12 8 36.08 20 21 10.2 23 26 12.92
23 12 28 4297 20 32 §2.J9 23 25 43.74
24 12 48 37:59 20 44 14.23 23 24 49.78
25 13 8 19.58 20 55 14.29 23 23 31.06
26 13 27 48.61 21 5 52.73 23 21 47.61
27 13 47 432 21 16 9.28 23 19 39.45
28 14 6 6.38 21 26 3.72 23 17 6.66
29 14 24 | 5442 || 21 35 | 3582 || 23 14 9.31
30 14 43 |-osia | o 44 | 4536 | 23 10 | 47.47
31 = = = 21 53 32.14 - - =
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NINRIAN GALATH fiveou
fuil asAgA azAYn 2AYN

parh | aven | adm| esn | @den | Wddan| eem | Sden | Wadm
1 23 7 1.26 18 3 10.32 8 19 59.88
2 23 2 | 5018 | 17 47 | 5838 7 58 | 12.27
3 22 58 | 1617 || 17 32 29.1 7 36 | 17.01
4 22 53 | 1753 | 17 16 | 42.79 7 14 | 1441
5 22 47 | 5502 || 17 0 39.72 6 52 | 476
6 22 42 | 876 16 44 | 20.18 6 29 | 48.38
7 22 35 779 16 27 | 4445 6 7 25.55
8 22 29 | 2559 || 16 10 | 52.82 5 44 | 56.58
9 22 22 | 2896 || 15 53 | 45.56 5 22 | 21.78
10 22 15 | 9.19 15 36 | 2297 4 50 | 41.44
11 22 7,~ #2641 PGy 18 | 4533 4 36 55.9
12 21 50 | 2086 | 15 0 52.95 4 14 5.46
13 21 50 | 5264 || 14 42 | 46.11 3 51 | 10.45
14 21 42 1.97 14 24 A gt 3 Ry | 11.23
15 21 32 | 4904 || 14 5 50.29 3 5 8.12
16 21 23 | 1404 || 13 47 1.94 2 42 1.48
17 21 19 YR UIB 28 0.4 2 18 | 51.67
18 21 2 SOsews [R(¥3 8 46 1 55 | 39.03
19 20 52 18.9 12 49 | 19.07 1 32 | 3.9
20 20 41 17.9 12 29 | 39.95 1 9 6.7
21 20 29 | 5601 || 12 9 48.96 0 45 | 41.73
22 20 18 | 1348 | 11 49 | 46.44 0 22 | 27.36
23 20 6 1055 || 11 29.r"22eT1 0 0 54.04
24 19 53 | 4748 || 11 9 8.11 0 24 | 16.11
25 19 41 452 10 48 | 32.98 0 47 | 38.51
26 19 28 1.95 10 27 | 4765 || -1 11 0.87
27 19 14 | 4004 || 10 6 5246 [ -1 34 | 22.85
28 19 0 | 59.06 9 45 | a172 || 57 | 44.11
29 18 46 | 59.31 9 24 | 3378 (| -2 21 4.31
30 18 32 | 41.08 9 3 1095 || -2 44 | 23.11
31 18 18 | 465 8 41 | 39.55 - - -
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fa1nY WOATNUY fuNAY
Jui £AYn azAYA ¥AgA

pam | aven | ftadan| eeen | @den | Wddar| esn | @den | Wden
1 3 7 | 4017 | -14 2 | 4313 || -21 46 34.7
2 -3 30 | 5517 || -14 41 | 5081 | -21 55 | 45.63
3 3 54 | 771 || -15 0 | 4424 || 22 4 31.36
4 -4 17 | 1765 || -15 19 | 23.06 | -22 12 | 5161
5 -4 40 | 2447 | -15 37 | 4686 || -22 20 | 46.15
6 -5 3 2791 || -15 55 | 5528 || -22 28 | 1473
7 -5 26 | 2762 || -16 13 | 4792 || 22 35 17.1
8 -5 49 | 2328 || -16 31 | 2438 | -22 41 | 53.02
9 -6 12 | 1452 | -16 48 | 4424 || 22 48 229
10 -6 35 1 -17 5 4712 || 22 53 | 44.68
11 -6 57 | 4234 | -17 22 | 3258 || -22 59 0
12 -7 20 | 1819 || -17 39 023 || -23 3 48.08
13 -7 42 | 4814 || -17 55 9.64 | -23 8 8.75
14 -8 5 | 1181 | -18 11 042 | -23 12 1.86
15 -8 27 | 288 | -18 26 | 32.16 || -23 151 | 2726
16 -8 49 | 3872 || -18 41 | 4446 || -23 18 | 24.83
17 -9 11 | 4117 || -18 56 | 36.89 || -23 20 | 54.46
18 -9 33 | 3574 || -19 11 9.08 | -23 22 | 56.04
19 -9 55 | 2202 || -19 25 206 || -23 24 | 29.49
20 | -10 16 | 5959 | -19 39 | 11.08 || -23 25 | 34.74
21 | -10 38 | 2805 || -19 52 | 4013 || -23 26| ALT5
23| =0 59 | 4697 || -20 5 4738 || -23 26 | 2047
23 | -1 20 | 5595 || -20 18 | 3245 | -23 26 0.89
24 | -11 41 | 5458 || -20 30 55 -23 25 | 13.02
25 | -12 2 | 4245 || 20 42 | 5468 || -23 23 | 56.88
26 | -12 23 | 1917 || -20 54 | 3216 || -23 22 12.5
27 | -12 43 | 4432 || -21 5 4412 || 23 19 | 59.95
28 | -13 3 | 5754 || -21 16 | 3324 || -23 17 | 19.29
29 | -13 23 | 5841 || -21 26 | 5823 | -23 14 | 10.62
30 | -13 43 | 4655 || -21 36 | 5881 | -23 10 | 34.05
31 | -14 3 | 2159 - - - -23 6 29.69
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4.2.3 Altitude () and Azimuth ( () )Angles
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p = sin ™" {[cos (ﬁza?‘ﬂ) Xcos (0) X cos (H)] + [sin (a:ﬁgﬂ) X sin (8)1} wevennn. 4.3)
Solar Azimuth Angle

¢ - [sin(ﬂ)xsin(asagﬂ)]—sin(é‘) ........... (4.4)

cos (S )Xcos (ﬁzagﬂ)
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1 [ [l o o ] a Jd .
m‘mﬁ 4.2 A NNIATUIUAUNUIVDIANDTNAY Tﬂﬂ website

http://www.susdesign.com/sunposition/index.html

v
o A

foyaiui 25 qarau 2544 a1 1AL (azAgah 13 osrumiie 40 Aan)

a1 | Altitude(@4971) |Azimuth(03piviie)] 131 | Altitude(94911) |Azimuth(89#1t1i10)
0:00 -88.12 179.99 6:30 433 76.65
0:15 -85.89 116.78 6:45 7.87 75.67
0:30 -82.45 103.54 7:00 11.39 74.62
0:45 -78.87 98.41 7:15 14.89 73.5
1:00 -75.25 95.58 7:30 18.37 72.29
1:15 -71.62 93.69 7:45 21.83 70.98
1:30 -67.98 92.28 8:00 25.26 69.55
01:45 -64.34 91.13 8:15 28.65 67.99
2:00 -60.7 90.16 8:30 32.01 66.27
2:15 -57.05 89.3 8:45 35.32 64.37
2:30 -53.41 88.5 9:00 38.57 62.25
2:45 -49.77 87.76 9:15 41.76 59.87
3:00 -46.13 87.05 9:30 44.87 57.18
3:15 -42.49 86.37 9:45 47.87 54.13
3:30 -38.86 85.69 10:00 50.76 50.66
3:45 -35.23 85.02 10:15 53.49 46.67
4:00 -31.6 84.36 10:30 56.04 42.09
415 -27.98 83.68 10:45 58.36 36.83
4:30 -24.36 83 11:00 60.39 30.82
4:45 -20.75 82.3 11:15 62.06 24.04
5:00 -17.14 81.59 11:30 63.33 16.53
5:15 -13.54 80.85 11:45 64.11 8.43
5:30 -9.94 80.09 12:00 64.38 0
5:45 -6.36 79.29 12:15 64.1 -8.42
6:00 -2.79 78.46 12:30 63.31 -16.52
6:15 0.78 77.58 12:45 62.04 -24.02
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M Altitude Azimuth 1o Altitude Azimuth
13:00 60.36 -30.8 20:30 -38.89 -85.38
13¢15 58.33 -36.79 20:45 -42.53 -86.03
13:45 53.46 -46.61 21:00 -46.16 -86.68
14:00 50.72 -50.59 21:15 -49.8 -87.35
14:15 47.84 -54.06 21:30 -53.45 -88.05
14:30 44.83 -57.1 21:45 -57.09 -88.78
14:45 41.72 -59.78 22:00 -60.73 -89.58
15:00 38.53 -62.15 2215 -64.38 -90.46
15:15 35.28 -64.27 22:30 -68.02 -91.47
15:30 31.97 -66.16 22:45 -71.66 -92.71
15:45 28.61 -67.88 23:00 <715.3 -94.34
16:00 25.24 -69.43 23:15 -78.93 -96.75
16:15 21.79 -70.85 23:30 28293 -101.08
16:30 18.33 -72.16 23:45 -86.03 -112.44
16:45 14.85 -73.36

17:00 T35 -74.48

17:15 7.82 -75.52

17:30 4.29 -76.5

17:45 0.74 -77.42

18:00 -2.83 -78.29

18:15 -6.4 -79.11

18:30 -9.98 -79.9

18:45 -13.58 -80.66

19:00 -17.18 -81.38

19:15 -20.78 -82.08

19:30 -24.39 -82.77

19:45 -28.01 -83.43

20:00 -31.64 84.09

20:15 -35.26 -84.74
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82 |Phitsanulok 16 47N|100 16 Bl 118 |Tak Pha A 26 32N[100 30E
83 [Phlew A 12 31N[102 10 B 119 |Takua Pa A 08 51N (98 16E
84 [Phrac 18 10N|100 10 B 120 |Tha Tum H 15 19N|103 41E
85 |Phrasang H 08 34N| 99 15E| 121 |ThaWangPha H |19 07N|100 48E
86 [Phuket 07 53N| 98 24 E|| 122 |Thaphra A 16 20N|102 49E
87 |Phuket Airport |08 09N| 98 19 E|| 123 |Thong Pha Phum |14 45N| 98 38E
88 |Prachin Buri 14 03N|101 22 B 124 | Thung Chang H 19 25N|100 53E
89 |Prachuap Khirikhan | 11 S0N| 99 50 E|{ 125 | Trang 07 31N| 99 37E
90 [Pratumtani A 14 06 N|100 37 | 126 [Ubon Ratchathani |15 15N|104 52
91 |Ranong 09 59 N| 98 37 E|| 127 |Ubon Ratchathani A |15 14N|105 02E
92 [RatchaBuriA |13 30N| 99 48 E| 128 |Udon Thani 17 23N|10248E
93 |Rayong 12 38N|101 21 H| 129 |Umphang 16 01N| 98 52E
94 |Roi Et 16 03N|103 41 B 130 |Uthai Thani 15 21N|100 03 E
95 [Roi Et A 16 04N|103 37 B 131 [Utong A 14 18N| 99 52E
96 |Sadao H 06 48 N|100 24 B| 132 |Uttaradit 17 37N|100 06 E
97 |Sakaew H 13 47N[102 02 H| 133 |Wichian Buri H 15 39N|101 07E
98 |SakonNakhon |17 09 N|104 08 E| 134 |Yala A 06 31N|101 17E
99 |Sakon Nakhon A 17 07 N|104 03 E“ 135 |Yasothon 15 46 N|104 10 E
100 |Samut Prakan 13 36 N|100 38 B




MANUIN A. Data Sheet

ST

LF155 - LF255 - LF355
LF156 - LF256 - LF356
LF157 - LF257 - LF357

WIDE BANDWIDTH
SINGLE J-FET OPERATIONAL AMPLIFIERS

= HIGH INPUT IMPEDANCE J-FET
INPUT STAGE

» HIGH SPEED J-FET OP-AMPs : UP to 20MHz,
50V/us

« OFFSET VOLTAGE ADJUST DOES NOT
DEGRADE DRIFT OR COMMON-MODE
REJECTION AS IN MOST MONOLITHIC
AMPLIFIERS

= INTERNAL COMPENSATION AND LARGE
DIFFERENTIAL INPUT VOLTAGE CAPABILITY
(UPTO Vee®)

TYPICAL APPLICATIONS

» PRECISION HIGH SPEED INTEGRATORS

= FAST D/A AND A/D CONVERTERS

= HIGH IMPEDANCE BUFFERS

= WIDEBAND, LOW NOISE, LOW DRIFT
AMPLIFIERS :

» LOGARITHMIC AMPLIFIERS

s PHOTOCELL AMPLIFIERS

s SAMPLE AND HOLD CIRCUITS

DESCRIPTION

These circuits are monolithic J-FET input operational
amplifiers incorporating well matched, high voltage
J-FET on the same chip with standard bipolar
transistors.

This amplifiers feature low input bias and offset
currents, low input offset voltage and input offset
voltage drift, coupled with offset adjustwhich does not
degrade drift or common-mode rejection.

The devices are also designed for high slew rate, wide
bandwidth,extremely fastsettiing time, lowvoltageand
cumrent noise and a low /f noise comer.

November 1995

&:’

1 - Offset null 1
2 - Inverting input

4-Veo

N D
DIP8 SO8
(Plastic Package) (Plastic Micropackage)
ORDER CODES
Temperature Package
Part Number Range N )
LF355, LF356, LF357 0°C, +70°C o °
LF255, LF256, LF257 -40°C, +105°C ° °
LF155, LF156, LF157 -55°C, +125°C ° °
Example : LF355N
PIN CONNECTIONS (top view)
N/
1 ] 8
2 [}F 17
3 [ ] 6
4 ] ] 5

5 - Offset null 2

6 - Output

3 - Non-inverting input 7 - Vec”

8 -N.C.

114




May 2000
&National Semiconductor
JFET Input Operational Amplifiers
General Description m Wideband, low noise, low drift amplifiers
b i
These are the first monolithic JFET input operational ampli- : ;ﬁ?;tg?::?g!:rs
fiers to incorporate well matched, high voltage JFETs on the P .
same chip with standard bipolar transistors (BI-FET™ Tech- ™ Sample and Hold circuits
nology). These amplifiers feature low input bias and offset Common Features
currents/low offset voltage and offset voltage drift, coupled  m Low input bias current:  30pA
with offset adjust which does not degrade drift or w |ow Input Offset Current: 3pA
common-mode rejection. The devices are also designed for g High input impedance: 10'2Q
high slew rate, wide bandwidth, extremely fast settling time, o Lo ot nojse current: 0501 pA / J’g;
low voltage and current noise and a low 1/f noise corner. : P e :
® High common-mode rejection ratio: 100 dB
Features m Large dc voltage gain: 106 dB
Advantages F t
m Replace expensive hybrid and module FET op amps Uncommon Features
n Rygged JFETs.allow blqw—out free handling compared LF155/ LF156/ LF357 Units
VEVIth 'I\lﬂotS:E-ll- mput-dewceT. ; ) I a LF355 LF356 (AV=5>
m Excellent for low noise applications using either high or
low source impedance—very low 1/f corner " fExttremtctell.y 4 b ¥ Hs
m Offset adjust does not degrade drift or common-mode R e,
rejection as in most monolithic amplifiers tlmeoto
m New output stage allows use of large capacitive loads 0.01%
(5,000 pF) without stability problems B Fast slew 5 12 50 Vius
m Internal compensation and large differential input voltage rate
capability B Wide gain 25 5 20 MHz
g ) bandwidth
Applications ® Low input 20 12 12 nv/JAz
B Precision high speed integrators noise
® Fast D/A and A/D converters voltage
® High impedance buffers
Simplified Schematic
m
-0 +Vpe
G BALANCE { 3
r——
(5) (1) —-—-I
| bes - S~
3
@) @ wer Y (6)
} A O
= 25 | out
Lo i<
® © ® ® O =
(4
&—0 -VEE
DS005846-1

*3 pF in LF357 series.

BI-FET™, BI-FET II™ are ks of National Corporation.

© 2001 National Semiconductor Corporation DS005646

www.national.com
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LF155/LF156/LF355/LF356/LF357

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for
availability and specifications.

Supply Voltage

Differential Input Voltage
Input Voltage Range (Note 2)
Output Short Circuit Duration

TJ MAX

H-Package
N-Package
M-Package
g)ower Dissipation at T, = 25°C (Notes 1,

H-Package (Still Air)

H-Package (400 LF/Min Air Flow)

N-Package
M-Package

Thermal Resistance (Typical) 0,
H-Package (Still Air)

H-Package (400 LF/Min Air Flow)

N-Package
M-Package
(Typical) 8,c
H-Package
Storage Temperature Range

Soldering Information (Lead Temp.)

Metal Can Package
Soldering (10 sec.)

Dual-In-Line Package
Soldering (10 sec.)

Small Outline Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount

devices.

ESD tolerance

LF155/6

+22Vv
40V
20V
Continuous

150°C

560 mW

1200 mW

160°C/W
65°C/W

23'C/W

-65°C to +150°C

300°C

260°C

LF356B
+22V
40V
+20V

Continuous

115°C
100°C
100°C

400 mW
1000 mw
670 mW
380 mwW

160°C/W
65°C/W
130°C/W
195°C/W
23'C/wW
-65°C to +150°C
300°C

260°C

215°C
220°C

LF355/6/7
+18V
+30V
16V

Continuous

115°C
100°C
100°C

400 mW
1000 mW
670 mW
380 mW

160°C/W
65°C/W
130°CwW
195°C/W
23°CIW
-65°C to +150°C
300°C

260°C

215°C
220°C

(100 pF discharged through 1.5 kQ2) 1000V 1000V 1000V
DC Electrical Characteristics
(Note 3)
Symbol Parameter Conditions Win LI:;SIG Yox TWin Li::/SpGB T T LF:::ISI-’M“ Units
Vos Input Offset Voltage Rg=50Q, To=25'C 3 5 3 5 3 10 mv
Over Temperature 7 6.5 13 mV
AV, T Av t Rg=50Q
ATC/AVog | Change in Average TC | Rg=50%, (Note 4) pvirc
with Vog Adjust 05 0k L per mV
los Input Offset Current T,=25°'C, (Notes 3, 5) 3 20 3 20 3 50 PA
Ty<ThicH 20 1 2 nA
I Input Bias Current T,=25'C, (Notes 3, 5) 30 | 100 30 100 30 | 200 pA
TySThigH 50 5 8 nA
Rin Input Resistance T,=25'C 1012 102 1012 Q

www.national.com




DC Electrical Characteristics (continued)

(Note 3)
—— B i Conditl LF155/6 LF356B LF355/6/7 Units
i il i Min | Typ | Max [Min| Typ | Max |Min| Typ | Max
AvoL Large Signal Voltage Vg=%15V, T,=25°C 50 | 200 50 | 200 25 | 200 VimV
Gain Vo=£10V, R =2k
Over Temperature 25 25 15 VimV
Vo Output Voltage Swing | Vg=%15V, R =10k +12 | %13 12| +13 12| 13 \
Vg=115V, R =2k 10| %12 10| %12 10| %12 \
Vem Input Common-Mode | Vg=115V +15.1 +15.1 +15.1 \Y
Voltage Range =1 -12 = -12 18 -12 Vv
GUER:, | eronatieee 85 | 100 85 | 100 80 | 100 dB
Rejection Ratio
FRRIY -/ Sugpiy Volisge {Plats &) 85 | 100 85 | 100 80 | 100 dB
Rejection Ratio
DC Electrical Characteristics
Ta =T, =25C, Vg = £15V
LF155 LF355 LF156/356B LF356 LF357
Parameter Units
Typ Max Typ Max Typ Max Typ Max Typ Max
SHEPlY 2 4 2 4 5 7 5 10 5 10 mA
Current
AC Electrical Characteristics
Ta =T, =25C, Vg = £15V
LF155/355 | LF156/356B LF156/356/ LF357
Symbol Parameter Conditions LF356B Units
Typ Min Typ Typ
SR Slew Rate LF155/6: Ay=1, 5 7.5 12 Vlps
LF357: Ay=5 50 Vips
GBW Gain Bandwidth 25 5 20 MHz
Product
= Settling Time to 0.01% (Note 7) 4 1.5 1.5 us
e, Equivalent Input Noise Rg=100Q
Voltage =100 Hz 25 15 15 nV/JHz
f=1000 Hz 20 12 12 nV/JHz
in Equivalent Input f=100 Hz 0.01 0.01 0.01 pA/YHz
Current Noise f=1000 Hz 0.01 0.01 0.01 oA/ Tz
Cin Input Capacitance 3 3 3 pF

Notes for Electrical Characteristics

Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tyyax, 644, and the ambient temperature,

Ta. The maximum available power dissipation at any temperature is Pg=(T jmax—Ta)/6,a o the 25°C Pgyax, whichever is less.
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: Unless otherwise stated, these test conditions apply:

LF155/156 LF356B LF355/6/7
Supply Voltage, Ve +15V<Vg<t20V +15V<Vg£20V Ve=%15V

Ta -55'CSTps+125°C 0'C<TAS+70°C 0'C<To<+70°C
T i +125°C +70°C +70°C

and Vog, lg and lpg are measured at Vgy=0.
Note 4: The Temperature Coefficient of the adjusted input ofiset voltage changes only a small amount (0.5uV/"C typically) for each mV of adjustment from its original

unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment.

www.national.com
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LF155/LF156/LF355/LF356/LF357

Notes for Electrical Characteristics (cContinued)

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T,. Due to limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pd. T,=Ta+8,5 Pd where 8,4 is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common practice.

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 ke resistors for the LF155/6. It is the time required for the error voltage (the voltage
at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input is applied to the inverter. For the LF357, Ay=-5,
the feedback resistor from output to input is 2 kQ and the output step is 10V (See Settling Time Test Circuit).

Note 8: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate outside
guaranteed limits.

Typical DC Performance Characteristics curves are for LF155 and LF156 unless otherwise

specified.
Input Bias Current Input Bias Current
100k 100k
T 0k z 0k
— =2
= = +20 Vg
2 2005 __| & 415Vs N |4
= H6Vs ~ ™~ = £10 Vg
S 10 AV [ B0 gy T
2 >
2 B S |
= 10 @ 10
1=3 =
= g
z = 15
LF155 LF156
0.1 1 0.1 L
-55 -26 5 35 B5 95 125 -66 -26 6 35 65 95 125
CASE TEMPERATURE (°C) CASE TEMPERATURE (°C)
DS005646-37 DS005646-38
Input Bias Current Voltage Swing
80
Vg= £15V 4 Ty
4 [=Ta=25°C S raezsc
g Ry =50k P A
2 60 = £ X0
£ o 5
g o 5 4
o LF158/7
3 40 [—{eean ] LF158/7 E 7
2 WITH HEAT SINK /] = 1/
= 3 LF156 e = 7
IR NP 8 4
7
= | e (G / ; /
10 LF156 5
0 l WITHHEAT SINK -
-10 -5 0 5 10 0 5 10 15 20
COMMON-MODE VOLTAGE (V) SUPPLY VOLTAGE (:V)
DS005646-39 DS005646-40
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Typlcal DC Performance Characteristics curves are for LF155 and LF156 unless otherwise
specified. (Continued)

Supply Current
4
g
bt 3
z Tg=-65°C
g —l
=) / o
Tp=25°C
: L c
Eu 2 —
a | Tg=125°C
[ |
LF155
1 1
0 5 10 15 20 25
SUPPLY VOLTAGE (V)
DS005646-41
Negative Current Limit
- Vg = 16V
\ §=*
\ ,\\;
‘Q \\
-10 N \
\ N -55°C

\zs“c

NEGATIVE OUTPUT VOLTAGE SWING (V)

125°C
5§ 10 15 20 25 30 35
OUTPUT SINK CURRENT (mA)
DS005648-43

Positive Common-Mode
Input Voltage Limit

20

10

POSITIVE COMMON-MODE
INPUT VOLTAGE LIMIT (V)

) I 1
-55°C <Tp <125°C
|

1 /
%
/

7

A

v

§ 10 15 20

POSITIVE SUPPLY VOLTS (V)
DS005646-45

Supply Current

SUPPLY CURRENT (mA)

7

/ T(]; = z'5°c

Tg = 126°C

/
e
//

N\

LF156
|

§ 10 15 20 25

SUPPLY VOLTAGE (V)
DS005646-42

Positive Current Limit

POSITIVE OUTPUT VOLTAGE SWING (V)

15

1 L
Vg = £15V

Negative Common-Mode
Input Voltage Limit

NEGATIVE COMMON-MODE

INPUT VOLTAGE LIMIT (V)

10
-55°C
+25°C
5
+125°C
0 5 10 16 20 25 30 35 40
OUTPUT SOURCE CURRENT (mA)
DS005646-44
-20
=15 [ 14 = -65°C
Ta=25°C
Ta=125°C <2
-10 i
-5
0
-5 -10 -15 -20

NEGATIVE SUPPLY VOLTS (V)
DS005846-48

www.national.com
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LF155/LF156/LF355/LF356/LF357

specified. (Continued)

Open Loop Voltage Gain
10M

Gain Bandwidth

I e—=—
g Rs = 50 -
> 0
= Tp=-565°C
= A
S M
& s ——
ﬁ 7 1= Tp=25°C
5‘ | |
e 1 ]
g 100k Ta =125°C
(=]
-1
=
&
5
10k
5 10 15 20
SUPPLY VOLTAGE (:V)
DS005846-47

5

= LF185

T

R

k-

E HH Vg= 0V

[=] B

£ 3 o1 vg=215v

2 Vg = 420V

< ' et

-]

-

s 2 ~
1

TEMPERATURE (°C)

56 -35 -15 5 25 45 65 85 105 125

DS005646-49
Normalized Slew Rate
1.8 l ]
16 N Vg= 15V -

14 LF156
12 N

\’\_l:

1.0 —mss-—;-

08

0.6
04

0.2
0

TEMPERATURE (°C)

-55-35-15 5 25 45 65 85 106 125

DS005646-51

Typlcal DC Performance Characteristics curves are for LF155 and LF156 unless otherwise

Output Voltage Swing
28

_ Vg = 415V =
2 Tp=25°C L~
o 24t v
= A
= 7
&~ 20 A
) [
-9
E /
ERRT /
x
< /
H 12 /
£ /
x g
<
&
4
0 1.0 10
OUTPUT LOAD Ry_ (k)
DS005646-48

Typical AC Performance Characteristics

Gain Bandwidth

SIS NN

= LF157 CURVES IDENTICAL |
2 N\ | BUT MULTIPLIED BY 4
’3_: 7 ‘\ 1 Il
B SN T
] AN LF156
¥ NN
£
S 5 £
10V

< | +15v ||
Z.

a l -

-55-35-15 5 25 45 65 B85 105 125
TEMPERATURE (°C)

DS005648-50
Output Impedance
1000
Tp=25°C
¥ Vg = +15V
2 10 §
w =
= o
g Ay = 100 ] HH
& 10 L]
= i = H
5 14 Ay=1
& ~ e
2 'H S Ay = 10
H T - LF155
0.1

1k 10k 100k m 10M

FREQUENCY (Hz)
DS005646-52
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by BC182/D

Amplifier Transistors

BC182,A,B

NPN Silicon BC183
COLLECTOR
1
2
BASE
3
EMITTER
1
MAXIMUM RATINGS 24
BC | BC | BC
Rating Symbol | 182 | 183 | 184 Unit CASE 29-04, STYLE 17
Collector—Emitter Voltage Vceo |50 | 30 | 30 | vdc TO-92 (TO-226AA)
Collector—Base Voltage Vcego | 60 | 45 | 45 Vdc
Emitter—Base Voltage VEBO 6.0 Vdc
Collector Current — Continuous Ic 100 mAdc
Total Device Dissipation @ Ta = 25°C Pp 350 mwW
Derate above 25°C 2.8 mW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.0 Watts
Derate above 25°C N 8.0 mW/°C
Operating and Storage Junction TJ: Tstg 55 to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient | Rgya 357 °C/W
Thermal Resistance, Junction to Case RgJc 125 °C/w
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) .
Characteristic 1 Symbol Min Typ [ Max | Unit J
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage V(BR)CEO Vv
(lc=20mA,Ig=0) BC182 50 — —
BC183 30 — —
BC184 30 = =
Collector—Base Breakdown Voltage V(BR)CBO Y
(lc=10pA, Ig=0) BC182 60 — —
BC183 45 — -—
BC184 45 - e
Emitter—Base Breakdown Voltage V(BR)EBO 6.0 — — \
(Ie= 100 pA, Ic=0)
Collector Cutoff Current IcBO nA
(Ve =50V, Vg =0) BC182 — 0.2 15
(Ve =30V, VR =0) BC183 — 0.2 15
BC184 — 0.2 15
Emitter—Base Leakage Current IEBO — — 15 nA
(VEB=4.0V,Ic=0)

© Motorola, Inc. 1996
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BC182,A,B BC183 BC184

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) (Continued)

Characteristic Symbol Min Typ Max Unit
ON CHARACTERISTICS
DC Current Gain hFg “—
(Ic=10pA, VCg=5.0V) BC182 40 - —
BC183 40 — —
BC184 100 == ]
(lc=20mA,Vcg=5.0V) BC182 120 — 500
BC183 120 — 800
BC184 250 — 800
(Ilc=100mA, Vcg =5.0V) BC182 80 —_ -
BC183 80 — —
BC184 130 = =

Collector—Emitter On Voltage VCE(sat) Vv
(Ic=10mA, Ig = 0.5 mA) — 0.07 0.25
(Ic =100 mA, Ig = 5.0 mA)(1) — 0.2 0.6

Base-Emitter Saturation Voltage VBE(sat) — — 1.2 \%4
(ic = 100 mA, Ig = 5.0 mA)(1)

Base—Emitter On Voltage VBE(on) \
(Ic =100 pA, Vcg = 5.0 V) — 0.5 —_
(lc=20mA,Vcg=5.0V) 0.55 0.62 0.7
(Ic =100 mA, Vcg = 5.0 V)(1) = 0.83 —_

DYNAMIC CHARACTERISTICS
Current—Gain — Bandwidth Product fr MHz
(Ic=0.5mA, Vcg = 3.0V, f =100 MHz) BC182 — 100 —
BC183 — 120 —
BC184 — 140 —
(Ic=10mA, Vcg = 5.0 V, f = 100 MHz) BC182 150 200 —
BC183 150 240 —
BC184 150 280 —

Common Base Output Capacitance Cob - —_ 5.0 pF
(Vep=10V,Ic =0, f= 1.0 MHz)

Common Base Input Capacitance Cib — 8.0 — pF
(VEB=0.5V,Ic=0,f=1.0 MHz)

Small-Signal Current Gain hfe —
(Ic=2.0mA,Vcg=5.0V,f= 1.0 kHz) BC182 125 — 500

BC183 125 — 900
BC184 240 — 900
BC182A 125 — 260
BC182B 240 — 500

Noise Figure NF dB
(Ic=02mA Vcg=5.0V,Rg = 2.0k,
f=1.0 kHz)

(lc=02mA, Vcg =5.0V, Rg = 2.0 kQ, BC184 = 2.0 4.0
f=1.0 kHz, f = 200 Hz) BC182 — 2.0 10
BC183 — 2.0 10
BC184 —_ 2.0 4.0

1. Pulse Test: Tp 300 s, Duty Cycle 2.0%.

2 Motorola Small-Signal Transistors, FETs and Diodes Device Data
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Figure 1. Normalized DC Current Gain
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Figure 3. Current—-Gain — Bandwidth Product
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- VBE(sat) @ Ic/iB = 10_| L+ o
o‘s | LLH—T"1T7 VBE(on) @ VCE= 10V ||
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Figure 2. “Saturation” and “On” Voltages
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Figure 4. Capacitances
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Figure 5. Base Spreading Resistance
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BC182,A,B BC183 BC184

PACKAGE DIMENSIONS
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
le— Y14.5M, 1982.
A rB 2. CONTROLLING DIMENSION: INCH.
l Y 3. CONTOUR OF PACKAGE BEYOND DIMENSION R
- 4 1S UNCONTROLLED.
R l 4. DIMENSION F APPLIES BETWEEN P AND L.
DIMENSION D AND J APPLY BETWEEN L AND K
hl p K1 MINIMUM. LEAD DIMENSION IS UNCONTROLLED
i T L IN P AND BEYOND DIMENSION K MINIMUM.
H}é‘“ |" _f * K INCHES MILLIMETERS
DIM[ MIN_| MAX | MIN | MAX
f D A | 0175 | 0205 | 445 | 520 |
B | 0470 | 0210 | 432 | 533
C | 0125 | 0165 | 3.8 | 4.19
X @ J D | 0016 | 0022 | 041 | 055
F | 0016 | 0019 | 041 | 048 |
— G T G | 0045 | 0055 | 145 | 1.39
H H_| 0095 | 0105 | 242 | 2.66
SECTION X=X J | 0015 | 0.020 | 030 [ 0.50
=¥ i -C K | 0500 | — | 1270 | —
| L {0250 | — | 635 | —
{ —Y N_| 0080 | 0105 | 204 | 266
1 N Pl — 0100 — | 254
R 0M5 | —| 203 | —
. NL_T v {0135 [ — ] 343 | —
STYLEAT:
4 PIN1. COLLECTOR
CASE 029-04 o
(TO-226AA) 3. EMITTER
ISSUE AD

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
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SEMICONDUCTOR®

H21A1 / H21A2 | H21A3
PHOTOTRANSISTOR

OPTICAL INTERRUPTER SWITCH

PACKAGE DIMENSIONS
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! E +
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i "4 I 1 1 optea
0433 (11,0) ¢
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0.125(3.2) t
0.119 (3.0) “ N 0315 (8.0) ﬂ “
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272 (6.9)

PIN 1 ANODE
- PIN 2 CATHODE
O 2 [ 1] em PIN 3 COLLECTOR
1 | 1] 40 =} PIN 4 EMITTER

0.020 (0.51) (SQ)

NOTES:

1. Dimensions for all drawings are in inches (mm).
2. Tolerance of £ .010 (.25) on all non-nominal dimensions
unless otherwise specified.

DESCRIPTION
The H21A1, H21A2 and H21A3 consist of a

gallium arsenide infrared emitting diode
coupled with a silicon phototransistor in a
plastic housing. The packaging system is
designed to optimize the mechanical

resolution, coupling efficiency, ambient light
rejection, cost and reliability. The gap in the
housing provides a means of interrupting the

signal with an opaque material, switching the

output from an “ON” to an “OFF" state.

SCHEMATIC

FEATURES

» Opaque housing
* Low cost

» .035" apertures
* High lc(on)

1. Derate power dissipation linearly 1.33 mW/°C above 25°C.

2. RMA flux is recommended.

3. Methanol or isopropyl alcohols are recommended as cleaning
agents.

4. Soldering iron tip 1/16" (1.6mm) minimum from housing.

ABSOLUTE MAXIMUM RATINGS (T =25°C unless otherwise specified)
Parameter Symbol Rating Unit
Operating Tempzrature Topr -55 to +100 °C
Storage Temperature Tste -55 to +100 °C .
Soldering Temperature (Iron)(3 and 4) TsoL- 240 for 5 sec °C
Soldering Temperature (Flow)(2 and3) TsoLF 260 for 10 sec °C
INPUT (EMITTER)
Continuous Forward Current I¥ & A
Reverse Voltage VR 6 \Y
Power Dissipation (1) Pp 100 mW
OUTPUT (SENSOR)
Collector to Emitter Voltage Veeo - v
___Emitter to Collector Voltage Veco 4.5 Vv
Collector Current | e | 20  mA
Power Dissipation (T, = 25°C)(1) Po 150 mw
© 2001 Fairchild Semiconductor Corporation
DS300290 5/02/01 10F5 www.fairchildsemi.com
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SEMICDNDUCTDF\"”

H21A1 / H21A2 /| H21A3
PHOTOTRANSISTOR

OPTICAL INTERRUPTER SWITCH

ELECTRICAL / OPTICAL CHARACTERISTICS (Ta =25°C)(All measurements made under pulse condition)

PARAMETER TEST CONDITIONS SYMBOL | DEVICES MIN TYP MAX UNITS
INPUT (EMITTER)
Forward Voltage I =60 mA VF All — — 1.7 \Y
Reverse Breakdown Voltage Ir= 10 pA A All 6.0 — = %
Reverse Leakage Current V=3V Ir Al — — 1.0 | pA
OUTPUT (SENSOR)
Emitter to Collector Breakdown e =100 gh Be=0 BVeco Al 6.0 - - v
_Collector to Emitter Breakdown | ~ Igc=1mA Ee=0 | BVgeo | Al | 30 - — Vv
“Collector to Emitter Leakage | Ve =25V, Ee=0 e | AN | — — 100 | nA
COUPLED H21A1 0.15 - —
lr=5mA,Vee=5V w7}12»1_,6\_2____‘7 M_O 30 — —
_H21A3 | 060 - | =
_H21A1 | 1.0 = -
On-State Collector Current lg=20mA, V=5V Iciony H21A2 2.0 — — mA
H21A3 4.0 — —
H21A1 1.9 — —
lr=30mA, V=5V H21A2 3.0 — —
H21A3 | 5.5 % . =
) Il =20 mA, Ic = 1.8 mA H21A2/3 — — 0.40 Y
Saturation Voltage . =30 mA, |, = 1.8 mA VcE(saT) H21A1 i = 0.40 Vv
Turn-On Time lg=30mA, Vo =5V, R =25 KQ 1o All = 8 i Us
Turn-Off Time I =30 mA, Vee'=5V, R = 25 KQ tor All Gk 50 — Us
www.fairchildsemi.com 20F5 5/02/01 DS300290




H21A1 / H21A2 | H21A3

FAIRCHILD PHOTOTRANSISTOR
SEMICONDUCTOR® OPTICAL INTERRUPTER SWITCH

Figure 1. Output Current vs. Input Current
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SEMICONDUCTOR®
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H21A1 / H21A2 /| H21A3

PHOTOTRANSISTOR
OPTICAL INTERRUPTER SWITCH

Figure 4. Leakage Current vs. Temperature
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H21A1 / H21A2 | H21A3

EAIRCHILD PHOTOTRANSISTOR
SEMICONDUCTOR® OPTICAL INTERRUPTER SWITCH
DISCLAIMER

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

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component in any component of a life support
systems which, (a) are intended for surgical device or system whose failure to perform can be
implant into the body,or (b) support or sustain life, reasonably expected to cause the failure of the life
and (c) whose failure to perform when properly support device or system, or to affect its safety or
used in accordance with instructions for use provided effectiveness.

in labeling, can be reasonably expected to result in a
significant injury of the user.

DS300290 5/02/01 50F5 www.fairchildsemi.com



&National Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADC0801, ADCO0802, ADCO0803, ADC0804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar to the 2568 products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or 1/0 ports to the microprocessor and no inter-
facing logic is needed.

Ditferential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

m Differential analog voltage inputs

® Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

@ Works with 2.5V (LM336) voltage reference

On-chip clock generator

0V to 5V analog input voltage range with single 5V

supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package

Operates ratiometrically or with § Vpgc, 2.5 Vpg, or ana-

log span adjusted voltage reference

Key Specifications

Features # Resolution 8 bits
m Compatible with 8080 pP derivatives—no interfacing ™ Total ororTS +1,LSB, £, LSBand =1LS8B
logic needed - access time - 135 ns a Conversion time 100 ps
® Easy interface to all microprocessors, or operates
“stand along"
Typical Applications
sV
4 i
1 0
4] Vee
__.___,’d 1) 1"
Pr CLKR >V lj7 TRANSDUCER
¢———50 TR stk " 8-81T RESOLUTION
< U owm & | overany pesineo
" 12 > ANALOG INPUT
N O vl I B O 3 T
Fgeesion N :: 08s 3 OIFF 1PUTS '
¢ o8 Vin(-)
<+ 1 on AGKo = L—_‘
< AL Prey 9 SPANADJ
= AL P VRer? [OSEE SECTIoN =
" 10
% o080 0 GND 7
W TL/H/5671-1
S0AQIntertace Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
e} -
Part ::;'le VRer/2=2.500 Vpc | VRer/2=No Connection
BB e Number (No Adjustments) (No Adjustments)
— Adjusted
N W ——b0 W ADCO0801 | +1,LSB
e, ¥
€1, o ¢——] TR ADC0802 +1,LSB
ﬁ ADC0803 | +1,LSB
DATA
ADC0804 +1LSB
ADCO0805 +1LSB
TUWH/5671-31

608000V/¥08020aV/£0800AV/20800aV/10800AV



ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Performance Characteristics
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Absolute Maximum Ratings (Notes1&2)
If Military/Aerospace specified devices are required,

Storage Temperature Range —65°Cto +150°C

please contact the National Semicondu_c'tor Sales Package Dissipation at Tp=25°C 875mW
Office/Distributors for availability and specifications. E£SD Susceptibility (Note 10) 800V
Supply Voltage (Vcg) (Note 3) 6.5V
Voltage Operating Ratings (Notes 12 2
Logic Control Inputs —0.3Vto +18V Tergperature Rgnge gs T); s
A hen putan € pels =D AE oo 0 ADCOBO1/02LJ, ADCOB02LY/883 —55'CET 46 + 125°C
Lead Temp. (Soldering, 10 seconds) . . SBER
Bl i Bk age (plastc) 260°C ADC0801/02/03/04LCJ ~40°C<TA< +85°C
Dual-in-Line Package (ceramic) 300°C ADIC0A01/02/63/05KCH = e
ADCO804LCN 0°C<Tp< +70°C
Surface Mount Package . ADC0802/03/04LCV 0'C<Tps +70°C
Vapor Phase (60 seconds) 150 ADC0802/03/04LCWM 0'C<TA< +70°C
Infrared (15 seconds) 220°C Range of Ve 4.5Vpgto 6.3Vpe

Electrical Characteristics

The following specifications apply for Vcc="5 Vpc, Tmin< TA< Tmax and fc k=640 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. = LSB
(See Section 2.5.2) =S
ADC0802: Total Unadjusted Error (Note 8) VRer/2=2.500 Vpe =% LSB
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. iy LS8
(See Section 2.5.2) =g
ADC0804: Total Unadjusted Error (Note 8) VRer/2=2.500 Vpc =1 LSB
ADCO0805: Total Unadjusted Error (Note 8) VReg/2-No Connection =1 LS8
Vrer/2 Input Resistance (Pin 9) ADC0801/02/03/05 256 8.0 kQ
Y ADCO0804 (Note 9) .0.75 1.1 kO
Analog Input Voltage Ra~ge (Note 4) V(+) or V(—) Gnd-0.05 Veg ~0.05 Vpc
DC Common-Mode Error Over Analog Input Voltage Y6 =Y LSB
Range
Power Supply Sensitivity Vec=5Vpg = 10% Over + e =% LSB
Allowed Vin(+) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Vcc=5 Vpc and Ta=25°C unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Tc Conversion Time foLk = 640 kHz (Note 6) 103 114 us
Tc Conversion Time (Note 5, 6) 66 73 1/fcLk
fouk Clock Frequency Ve =5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS=0 Vpg, foLk =640 kHz
WAL Width of WR Input (Start Pulse Width) CS=0Vpg (Note 7) 100 ns
tacc Access Time (Delay from Falling C_ =100 pF 135 200 ns
Edge of RD to Output Data Valid)
tH, OH TRI-STATE Control (Delay C_=10pF, R =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twi tRi Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR
CiN Input Capacitance of Logic 5 7.5 pF
Control Inputs
Cout TRI-STATE Qutput 5 75 pF
Capacitance (Data Buffers)
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]
vin(1) Logical “1" Input Voltage Vec=56.25Vpe 2.0 15 Vpc
(Except Pin 4 CLKIN)




AC Electrical Characteristics (continued)
The following specifications apply for Voc = 5Vpg and Tmin € Ta S Tmax, unless otherwise specified.

Symbol | Parameter l Conditions ‘ Min l Typ l Max l Units

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

VN (0) Logical “0" Input Voltage Vec=4.75Vpc 0.8 Voc
(Except Pin 4 CLK IN)

Iin (1) Logical “1" Input Current ViN=5Vpc 0.005 1 rApc
(All Inputs)

I (0) Logical “0" Input Current ViN=0Vpc =i —0.005 RrADC
(All Inputs)

CLOCK IN AND CLOCKR

Vr+ CLK IN (Pin 4) Positive Going 2.7 3.1 3.5 Voc
Threshold Voltage

Vr— CLK IN (Pin 4) Negative 1.5, 1.8 2.1 Voc
Going Threshold Voltage \

VH CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc
Mrr)—(Vr—)

Vour (0) Logical *‘0" CLK R Output lo=360 pA 0.4 Voc
Voltage Vec=4.75Vpe !

VouTt (1) Logical ““1" CLKR Output lo= —360 pA 2.4 Voc
Volitage Vec=4.75Vpc

DATA OUTPUTS AND INTR

Vour (0) Logical *'0" C5utput Voltage

Data Outputs louT=1.6 MA, Vec=*%75Vpc 0.4 Voc

INTF, Output lout=1.0mA, Vcc=4.75 Vpc 0.4 Vpc
Vour (1) Logical **1" Output Voltage lo= —360 pA, Vcc=4.75 Vpc 2.4 Voc
Vour (1) | Logical *“1" Output Voltage lo=— 10 uA, Voo =4.75 Vpc 45 Voc
lout TRI-STATE Disabled Output Vout=0Vpc 8 RADC

Leakage (All Data Buffers) Voutr=5 Vpc 3 rADC
ISOURCE Vour Shortto Gnd, Tp=25°C 4.5 6 mADC
ISINK Vour Short to Vg, TA=25°C 9.0 16 mApc
POWER SUPPLY
lcc Supply Current (Includes foLk =640 kHz,

Ladder Current) VRer/2=NC, Tp=25°C

and CS=5V
ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADC0804LCN/LCV/LCWM 1.9 2.5 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respact to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd.

Note 3: A zener diode exists, internally, from Ve to Gnd and has a typical breakdown voitage of 7 Vpc.

Note 4: For Vin(—)2 Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vg supply. Be careful, during testing at low Vec levels (4.5V),
as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temp es, and cause errors for analog inputs near full-scale. The
spec allows 50 mV forward bias of either diode. This means that as long as the analog V|y does not exceed the supply voltage by more than 50 mV, the output
code will be correct. To achieve an absolute 0 Vpg to 5 Vpg input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature
variations, intial tolerance and loading.

Note 5: Accuracy is guaranteed at foix = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycie limits can be
extended so long as the minimum clock high time interval or minimum clock low iime interval is no less than 275 ns.

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The
start request is intemnally latched, see Figurs 2 and section 2.0.

Note 7: The TS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hoid
*he converter in a resat mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams).

Note 8: None of these A/Ds requises 3 zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5.

Note 8: The VRer/2 pin is the center point ot ¢ two-resistor divider ccnnected from Veg to ground. In all versions of the ADC0801, ADC0802, ADC0803, and
ADC0805, and in the ADCO804LC., each resistor is typically 18 k1. In all versions of the ADC0804 except tho ADCO804LCJ, each resistor is typically 2.2 k.

LM1QWMW.1NPFWW|1.ERHMM.
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TRI-STATE Test Circuits and Waveforms
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Functional Description (continued)

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any VRer/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converter. Zero errors in excess of ', LSB can usually be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs
to display the resulting digital output code as shown in Fig-
ure 7.

For ease of testing, the VReg/2 (pin 9) should be supplied
with 2.560 Vpc and a Vgg supply voltage of 5.12 Vpe
should be used. This provides an LSB value of 20 mV.

If a full-scale adjustment is to be made, an analcg input
voltage of 5.090 Vpg (5.120-1", LSB) should be applied to
the Vin(+) pin with the V(=) pin grounded. The value of
the VReg/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111. This value of VRgg/2 should then be used for all the
tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significent (LS). Table | snows the fractional
binary equivalent of these two 4-bit groups. Ey adding the
voltages obtained from the “VMS" and “VLS" columns in
Table |, the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester

VRee/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter. The effects of quantization error have to
be accounted for in the interpretation of the test results.
For a higher speed test system, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 aigi-
tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to read the difference voltage,
“A-C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y.plotter can
be used to provide analog error (Y axis) versus analog input
(X axis). T
For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides ', LSB steps for the 8-bit A/D
under test. If the results of this test are automatically plotted
with the analog input on the X axis and the error {in LSB's)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

40 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the results
of 16 successive conversions, then returns to the user's
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an /0 device by using the 70 R
and I70 W strobes and decoding the address bits AO —>

A7 (or address bits AB — A15 as they will contain the
same 8-bit address information) to obtain the CS input. Us-
ing the 1/0 space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in1/0O
space is shown in Figure 10.
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FEATURES of
LIQUID CRYSTAL DISPLAY MODULE
MODEL NO.: _MTC-S16204XRGHS

Character Type Dot Matrix LCD Module

Easy interface of 4-bit or 8-bit

Display character pattern : 5 x 7 font with cursor(208 kinds)

The special character pattern can be programmable by Character Generator RAM directly.
A customer character pattern can be programmable by mask option.

Automatically power on reset.

Internal Memory:

- Character Generator ROM (CGROM) : 10,080 bits (204 characters x 5 x 8 dot)
- Character Generator RAM (CGRAM) : 64 x 8 bits (8 characters x 5 x 8 dot)
Low power operation:

- Power supply voltage range : 2.7 ~ 5.5V (Vpp)

- LCD drive voltage range : 3.0 ~ 13.0 V (V;, - Vo)

Low power consumption

CMOS process
Duty-cycle : 1/16
View Direction | M 6 O’clock 0 12 O’clock
[ FSTN Positive [0 FSTN Negative
LCD Type
M STN Gray 0 STN Yellow Green 1 STN Blue
Rear Polarizer M Reflective [J Transflective O Transmissive
O Internal Power 1 EE, [0 5V input
Backlight Type | LED
(J External Power J CCFL O 12V input
Backlight Color | OO White O Amber B,I.UG \iB”OW (J Other
Green Green
Temperaturc Range | O Normal M Wide O Super Wide
CCFL Inverter OJ Build-in M Not Build-in
EL Driver IC O Build-in M Not Build-in
Touch Screen O With M Without

TO BE VERY CAREFUL !

The LCD driver ICs are made of CMOS process, which is very easy to be damaged
by static charge, make sure the user is grounded when handling the LCM.
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INTERFACE PIN ASSIGNMENT

PIN NO. | PINOUT DESCRIPTION
1 Vg Ground
2 Voo Logic Circuit Power Supply
3 Vo Power Supply For LCD Panel
4 RS Data/ Instruction Register Select
5 R/W Read/ Write Select
6 E Enable Signal
7 DBO
8 DBI
9 DB2
10 DB3
3-State [/O Data Bus
11 DB4
12 DBS
13 DB6
14 DB7
15 BKL1 | Power Supply for Backlight.
100V/400Hz AC for EL, 4.2V or 120~180mA DC for LED backlight
16 BKL2 |Don’t care if no backlight

JUMPER EXPLANATION
1. J1 short; Bezel and screw holes connected to GND. J1 open: Bezel and screw holes floating
2. Never change the polarity of the J2 and J3, it may burn off your system.

Note: J1 is a #0805 0 ohm resistor on the rear side of the PCB.



Commands

i Instruction Code Execution
. R time(foc i
struetion | o« lryw|pB7|DBS|DBS |DB4|DB3|DB2|DB1|DRO Hescripiion ime(fose Is
270kHz)
Clear Write "20H" to DDRAM. and set
Disol 0 0 0 0 0 010 0 0 1 |DDRAM address to "00H" from 1.53mS
isplay AC
Set DDRAM address to "00H"
Return from AC and return cursor to its
H 000|000 0]O0 1 * loriginal position if shifted. The 1.53mS
OE contents of DDRAM are not
changed.
Entry Assign cursor moving direction
Ksd 0100001010 1 | /D | SH |and make shift of entire display 39 uS
oac enable.
Display Set display(D), cursor(C), and
ON/OFF 0j0j0]0]0]|O 1 D | C | B |blinking of cursor(B) on/off 39 usS
control bit.
Cursor or Set cursor moving and display
Display | 0 | 0 | 0| 0|0 |1 [sic|ri| * | » [Shiftcontrolbitancihe 39 S
; irection, without changing
Shift DDRAM data.
Set interface data length (DL : 4-
Functi : bit/8-bit), m‘meers of display
S ton ol ololo| 1 DL N|F]|*|* |lineN:1-line/2-line), display | 39 pS
5 font type(F : 5 X 8 dots/ 5 X 11
dots)
SELG CGRAM address i
RAM | 0| 0| 0| 1 |Acs|acs|acs|aca|act|acol>® ) Sab i o [EECIN:
Address counter.
Set DD .
RAM | o | 0o | 1 |ace|acs|aca|ac3|acz|act|aco f;‘lze‘)rRAM addrggyn gfgfess | 39,8
Address '
Read Busy Whether during internal
operation or not can be known
Flag and 0 1 | BF |AC6|AC5|AC4|AC3|AC2|ACI|ACO by reading BF. The contents of 0pnsS
Address address counter can also be read.
Write Data Write data into internal RAM
to RAM | 0 |D7|D6|D5|D41D3|D2]|DI |DO0 (DDRAM/CGRAM). 43 pS
Read Data Read data from internal RAM
from RAM 1 1 |D7|D6|D5S|D4|D3|D2|DI|DO (DDRAM/CGRAM). 43 pS

* means don’t care
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COMMANDS DESCRIPTION

Clear Display
RS RW DB7 DB6 DBS DB4 DB3 DB2 DBI DBO
0 0 0 0 0 0 0 0 0 1

Clear all the display data by writing "20H" (space code) to all DDRAM address, and set DDRAM
address to "00H" into AC (address counter). Return cursor to the original status. namely, bring the
cursor to the left edge on first line of the display. Make entry mode increment (I/D = "1").

Return Home

RS RW DB7 DB6 DBS DB4 DB3 DB2 DB!I DBO0
0 0 0 0 0 0 0 0 1 *

Return Home is cursor return home instruction. Set DDRAM address to "00H" into the address
counter. Return cursor to its original site and return display to its original status, if shifted. Content
of DDRAM is not changed.

Entry Mode Set
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DB0
0 0 0 0 0 0 0 1 I/D SH

Set the moving direction of cursor and display.

I/D : Increment / decrement of DDRAM address (cursor or blink)

When I/D = "High", cursor/blink moves to right and DDRAM address is increased by 1.

When I/D = "Low", cursor/blink moves to left and DDRAM address is decreased by 1.

* CGRAM operates the same as DDRAM, when read from or write to CGRAM.

SH: Shift of entire display

When DDRAM read (CGRAM read/write) operation or SH = "Low", shift of entire display is not
performed. If SH = "High" and DDRAM write operation, shift of entire display is performed
according to I/D value (I/D ="1", shift left, I/D = "0" : shift right).



Display ON/OFF Control

RS R'W DB7 DB6 DBS DB4 DB3 DB2 DBI DBO
0 0 0 0 0 0 1 D C B

Control display/cursor/blink ON/OFF 1 bit register.

D : Display ON/OFF control bit

When D = "High", entire display is turned on.

When D ="Low", display is turned off, but display data is remained in DDRAM.

C : Cursor ON/OFF control bit

When C = "High", cursor is turned on.

When C ="Low", cursor is disappeared in current display, but I/D register remains its data.
B : Cursor Blink ON/OFF control bit

When B = "High", cursor blink is on, that performs alternate between all the high data and
display character at the cursor position.

When B ="Low", blink is off.

Cursor or Display Shift
RS RW DB7 DB6 DB5S DB4 DB3 DB2 DBI DBO
0 0 0 0 0 l SIC \ [ "R/ I -

Without writing or reading of display data, shift right/left cursor position or display.
This instruction is used to correct or search display data. (Refer to Table 4)

During 2-line mode display, cursor moves to the 2nd line after 40th digit of 1st line.
Note that display shift is performed simultaneously in all the line.

When displayed data is shifted repeatedly, each line shifted individually.

When display shift is performed, the contents of address counter are not changed.

S/IC R/L Operation
0 0 Shift cursor to the left, AC is decreased by 1.
0 1 Shift cursor to the right, AC is increased by 1.
1 0 Shift all of the display to the left, cursor moves according
to the display.
1 | Shift all of the display to the right, cursor moves according
to the display.
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Function Set

RS R/W DB7 DB6 DBS DB4 DB3 DB2 DBl DB0
00 0 0 0 1 DL N F N *

DL : Interface data length control bit

When DL = "High", it means 8-bit bus mode with MPU.

When DL = "Low", it means 4-bit bus mode with MPU. So to speak, DL is a signal to select 8-bit
or 4-bit bus mode. When 4-bit bus mode, it needs to transfer 4-bit data by two times.

N : Display line number control bit

When N ="Low", it mecans 1-line display mode.

When N ="High", 2-line display mode is set.

F : Display font type control bit

When F ="Low", it means 5 X 8 dots format display mode

When F = "High", 5 x11 dots format display mode.

Set CG RAM Address
RS R/'W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
0 0 0 1 AC5 | AC4 | AC3 | AC2 | AC1 | ACO
Set CGRAM address to AC.

This instruction makes CGRAM data available from MPU.

Set DD RAM Address
RS R/'W DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO
0 0 1 AC6 | AC5 | AC4 | AC3 | AC2 | AC1 | ACO

Set DDRAM address to AC.

This instruction makes DDRAM data available from MPU.

When 1-line display mode (N = 0), DDRAM address is from "00H" to "4FH".

In 2-line display mode (N = 1), DDRAM address in the 1st line is from "00H" to "27H", and
DDRAM address in the 2nd line is from "40H" to "67H".

Read Busy Flag and Address

RS R/W DB7 DB6 DB5S DB4 DB3 DB2 DBI DBO
0 1 BF | AC6 | ACS | AC4 | AC3 | AC2 | AC1 | ACO

This instruction shows whether KS0066U is in internal operation or not. If the resultant BF is High,
it means the internal operation is in progress and you have to wait until BF to be Low, and then the
next instruction can be performed. In this instruction you can read also the value of address counter.



Write Data to RAM

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
1 0 D7 D6 D5 D4 D3 D2 D1 DO

Write binary 8-bit data to DDRAM/CGRAM.

The selection of RAM from DDRAM, CGRAM, is set by the previous address set instruction :
DDRAM address set, CGRAM address sct. RAM set instruction can also determine the AC
direction to RAM. After write operation, the address is automatically increased/decreased by 1,
according to the entry mode.

Read Data to RAM
RS R/'W DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO
1 0 D7 D6 D5 D4 D3 D2 Dl DO

Read binary 8-bit data from DDRAM/CGRAM.

The selection of RAM is set by the previous address set instruction. If address set instruction of
RAM is not performed before this instruction, the data that read first is invalid, because the
direction of AC is not determined. If you read RAM data several times without RAM address set
instruction before read operation, you can get correct RAM data from the second, but the first data
would be incorrect, because there is no time margin to transfer RAM data.

In case of DDRAM read operation, cursor shift instruction plays the same role as DDRAM address
set instruction : it also transfers RAM data to output data register. After read operation address
counter is automatically increased/decreased by 1 according to the entry mode. After CGRAM read
operation, display shift may not be executed correctly.

NOTE: In case of RAM write operation, after this AC is incrcased/decreased by 1 like read

operation. In this time, AC indicates the next address position, but you can read only the previous
data by read instruction.
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DD RAM ADDRESSING

For 16x1 or 8x1 Display

Character | 1 | 2 |3 | 4| 5|6 |7 |89 |10|11]|12]{13]|14]15]|16]

DDRAM 1561 01 | 02 |03 | 04 |05 | 06| 07|40 |41 |42|43|44]|45] 46|47

Address

For 16x2 or 8x2 Display

Character | 1 | 2|3 | 4|56 |7 |8)9]10]l11]|12]13]14]15]16

DDRAM |00 |01 |02]|03]|04]05]06|07]08|09]|0A|0B|0C]|OD]|OE]|GQF

Address | 40 | 41 | 42 |43 | 44 |45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F

For 16x4 Display

Character 1 21 3| 4 |(S6 819 (1011 (1213|1415 16
00|01]02[03|04|05|06|07]|08]|09]|0A]|0B]|O0C]|OD]|OE | OF

DDRAM |40 | 41 | 42 |43 | 44 |45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F

Address | 10| 11|12 |13]14|15]|16|17|18|19|1A|1B|IC|ID| IE | IF
50 | 51]52|53|54|55|56|57|58|59|5A|5B{5C|5D|5E|SF

For 20x2 Display

Character | 1 | 2 |3 |4 | 5|6 819 |10 17 | 18 | 19 | 20

DDRAM |00 |01 |02|03|04|05]|06]|07]08]09 018012 | 13

Address | 40 | 41 | 42 | 43 | 44 |45 | 46 | 47 | 48 | 49 B0 {514 1 52 | 53

For 20x4 Display

Character | 1 | 2 | 3| 4|56 8 19|10 17 | 18 | 19 | 20
00|01/02[03{04|05]|06]|07]08]|09 100l f¥] 12 | 13

DDRAM |40 |41 |42 |43 |44 |45 | 46 | 47 | 48 | 49 50 | 51|52 |53

Address | 14| 15|16 (17|18 |19 |1A|IB|IC|ID 24 | 25|26 | 27
54 | 55|56 |57|58|59|5A|5B]|5C]|5D 64 | 65| 66 | 67

For 40x2 Display

Character | 1 | 2 | 3 | 4 |[“5}6 8 | 9|10 37 | 38 | 39 | 40

DDRAM | 00|01 |02|03|04|05|06]|07]08]09 24125 126 .| 21

Address | 40 |41 | 42 |43 |44 |45 | 46 | 47 | 48 | 49 64 | 65| 66 | 67

For 40x4 Display

Character | E | 1 213451678 9]10 37 |38 (39| 40
gy |00 01]02]03|04]05)|06)|07)08 |09 24|25 |26 27

DD RAM 40 | 41 |42 |43 |44 45|46 | 47| 48 | 49 64 | 65| 66 | 67

Address pp |00 ] 01/02]03|04]05]|06]|07]|08]|09 24 1252627

40 | 41 |42 | 43 |44 | 45| 46 | 47 | 48 | 49 64 | 65| 66 | 67
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UNIT OF MEASUREMENT :

REFERENCE ANEMOMETER :

TESTED ANEMOMETER:

THAI METEOROLOGICAL DEPARTMENT

Calibration Certificate

MSTIUANIHANSAOULNTU lﬂéaﬂjﬂall

Detector for Wind Rain and Sunlight : King Mongkut's Institute of Technology Ladkrabang

ny'sec

Thermai Ancmometer 642 S/N 91563 TATunssusenIn WMO

Micromanometer IFC 014

S/N FC 9310119 W5 0135 0709910 WMO

DATE: 08 Mar 2002
FAN | 642 FC 014 REFERENCE | TESTED ANEMOMETER ROOM CONDITION
SPEED | SPEED SPEEDE HEAD | SPEED ;VOLTAGE SPEED VOLTAGE | PRESSURE | TEMPERATURE| Hum.
pm. | nysec. | m/sec. énnn.'\Vc. m/sec. mV., m/sec. Error | mV. éError hPa. dry°C ‘ wet °C | % R.H.
73 20 - 20 23 i -030 Po- 1013.00 2000 17.5] 710
93 N/ 25 | 29 P 1013.00 210§ 175 70
0 | so| - | Jaxs) 33 f o] 1000 | 210f 175] 710
s | 40| | B ~HAELLSEE 45 | -0.50 | 101300 210f 175| 710
177 sol |- [ 5.o‘_§ " ~) 4z I-o.'s*o" T 1013.00 2001 175| 710
212 60| - 6.0 6.5 -0.50 ; - 1013.00 21.0% 75| 710
249 70} - 7.0 7.5 -0.50 | 101300 21.0§ 175| 710
281 8.0 - —‘ 8.0 ‘ ‘ 8.6 -0.60 - 1013.00 21.05 17.5» 71.0
320 90| - 9.0? 9.7 -0.70 | 101300 21.05 175 | 710
3#s5 | oes| - 9.5 | 102 | .70 - | 101300 210F 175| 710
352 | 100] - ‘ 100 1 108 |00 -1 101300 20f 175| 710
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