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ABSTRACT

This project presents the prototype of smart solar street lighting
network system. With the condition that supplies power to LED street lights for 12
hours and supplies power to LED street lights in a particular situation. For example,
when raining or utility failure. By using a microcontroller to monitor, control and
analyze the parameters in the system such as voltage, current, power, etc. Then

send that data via a wireless networks to LabVIEW program for display and record.
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‘lummnquwguawaﬂmwadwugmmﬂw“ﬂﬂLwammmaﬂ Tulglunisuansuu
) q' cJ o =5 1 = € 1 = 1 o 7 s
mauauma‘i‘awmmimnm%L“L’Juwanmmmmmaimq‘]a'mni‘u maaluifln waaanulnin,
s = - - - A L7 o a =t 1 - -
us9auUsEaNSHe, nSELaUTEaNdNa,AUD wariUsenauniassinludeaUseansaanaes
ﬂl 1 1 1 l:!ll 1 o =Y '3 s i 78 L3 Y L3
'izuuimﬂmmmaqmmu%m&ﬂmma'lz.n‘imLﬂiwwwaqmulw“}hﬁlmmnmaauaaammﬂLLas
nsldwdanuluiiedglilaulnouuueadd (LED) lagndailasanumunevesnsiiines

Iwanagdeauaresutedse Uil

Y = P = ! ¢
> usaiuluin (Voltage: V) mnefia muﬁl‘ﬂumimaawﬂszqmuqﬂﬂmmﬂwﬁn

= 1

fimhediu Joule/Coulomb) u3a Volt Tun1sldauaiariensanleglusuuseiu
Useandua (V,,o) [1]

» nszudlWin  (Current: 1) nuneds é’m’m"|5LU§9uLLUaanz§1Wﬁﬂdw1jaEJL’Ja'l
(Coulomb/Second) %130 Ampere lumisldnusiasiinrsanlveglugunszua
Usganona (I,,e) [1]

> arudluAn (Frequency: f) munefs s1wiusevieaeuilaly 1 3undl wu Anud
50 Hz Ao S1uauseu 50 seufiwdeufilulu 1 Juiivieraulnihduiu 1 seud
wnaeuilulu 1/50 Jundt (1/50 3unft = 0.02 3uniit = 20 ad3unfl) uansiaguil 2.3
[1]

» mdsludn (Power: W) wiseanidu 3 du

o Mddlniusng (Apparent Power: S) fin TUINUBIHATINYDIINABS
seninemdslwinets (Real Power: P) uagmaslwiiiadiou (Reactive Power: Q) wianaga
FENILTIRulsEansna wavnszuaUseanona dvuiedu lad-uweud (vA) [1]

o dtlnihese Ao wdaau Uoule) Aldlunsiadeudiousyy (Coulomb)
rrugunsaimaliilungn 1 3udl Swbedu Jad (Watt) [1]

o dalwiatiou fe ndsnuildlunsadrsaunudimandusngslnei 7
Llannsablulivsslenilfvdemdsinitigudely wu wdsnuilvasuuwnumdnvele
wasliiiiiuresinsernirvssuameslwiinuieni (nduction motor) Wudy fviae

i ThaduaudSuaasin (Var) [1]



o 3 A:? o v al o
Tnamaalnisruaiaiunsamuialaainaunisn 2.1, 2.2, uag 2.3 mugisu

S=V:'ms.lrms= \J‘P2+Q2 (21)

P=V_ I cos@ (2.2)

ris rms

G=F :I sinf (2.3)

rms rms

» A0UsEnaun1aalnin (Power Factor: PF) vunend 8ns1d1useninemigslniia

PFauAmdalnisang [1]

Power Factor (PF) =§ (2.9)

> wiwulnin (Electrical Energy) munefis idalwihildlulutessesinamidl
wirsuinddalus (Wh) Tasf 1 kWh Sawiiiu 1 wiendamusiewinfu 3.6 MJ
[2]

1 kWh =[360051-[—ki]=3600kf:3.6MJ (2.5)
5

» auszaninw (Efficiency) naneils snsdrusenineamdslwiveen(,,) fu

Armaslwiwwdn () [1]

n="Lo.100% 2.6)
i

m



2.2 WAL UL NG

2.2.1 AnAIWNAIULEIRIngvasUsemAlneg

as

NTUAMUINTIIUNAUNULALBYTNENa U (wn.) Tafnwidneaimwdesnu

3 ot

waefinduazdaviunudnenmwisnuuaseindaindeyanifisuvesUssndlve Taunis

Tinsesideya auitsuusznaufuteyailldannansaianiaiufiu wuinisnssansves

U

AMULTNTIER991TIRE AuUsIaeneY TuudazifouressemalasudninadiAyainay
) =l - W al Y] & o ' Yo w a
usguazTueenilvavile warauusguasiunniledld wagiundrulugvesUsemelaiused
a | - o ' = 2
mafindgeansenhafeuuwisulasnguniny lnefireglutae 20 §9 23 MJ/m -day
A = AU al - /s dl ] 1 = H o s
waziiiaNIsauHUNAne A NS ULaseindseTulRdsnal wuln ushanlasusdeng
a o« 4 @ 1al ) al =
afindgianiadenilegnaanyiuesniduuvile

ATRUARUUNEINTRITInTAUATTIBENN UTTUE g5und Alasiny Souidn olass

1 as =l

’EJ‘Uﬁi’W“UﬁTLJ ’ﬂﬂ'iﬁ'l‘u LLB”‘U'Na’JU‘UQG.ﬂWﬂﬂaN‘Wﬂ\'}‘Vi’J ’s?j‘W?'im‘lﬁ VYU BYTYT UATANYI

Te i z
Tngl#Susadnanindindeviadil 19 §1 20 MJ/m’-day Hudidenanandu 11.0% vesiiud

Vl\‘lﬂllﬂ’ll@\ﬂﬂi“tﬂﬂ U’@ﬂ'i]’lﬂUEJ\iWU'ﬂ 35.6% ‘UBJWUW%QWNG\IGI?U‘NE’IWIQE]’WW’]HLQ g 47

14 o
Qs

1 o s o L3 o A=' o= =l =l
Tugae 18-19 MY/m’-day 21nMsAUIRssdsveInvefindsne Tulad ey asfiuiiin

Ussinanuinfiduiiu 18.0 MJ/m -day [2]

2.2.2 mAlulagwa9uLaIa1ing

waauasengflveglulagtuanunsaudseantailu 3 szuu Ao

= = [ a =
® |yanuaIR nduuUBasy (PV Stand Alone system) ussuunanlnwing

o

Vs o a/ 2 d'( - P 1l ] L3 o o
lasumseenuuudmivldauluiunvuunaldfissuvarsdalni gunsaissuundrdny

o

v ‘ a = = a
Usenaume waduaienfing, gUnsalniunun1suseauunnes, Wunmes wasduneines (3]

inverter Uk
] A
| f — A
L
e/

UM 2.1 waduaserfinduuudase [4]



® |yaduaIRindLUURRNUSTUUIMUNY (PV Grid Connected System) 1fu
sruunanlwihfignesnuuudmiundslwiniiugunsaiiudsusyuulninszuansadului
nszwaaduirgrruvmeddlninlaenss lnanluiluniies wieuiindssuusmune
Infldhds gunsalszuufiddguseneudsunamaduaseniing gunsalivdsussuulii

nsruansuulniinssuaadurilnsatussuuiimidie i 3]

" - Breaker Panel

-
Ky

Meter

T

..L .
A t‘

SORNS—— L f
PO~
Inverter

Grid-Tie
micro-
inverter

P> & a & ) ° '
31]1/1 2.2 [ WRALAIDINAYLUUNDAUTEUUINUUNY [4]

® waduAIR AgUUUNENNEL (PV Hybrid system) luszuun@nlviiiign
o a ] 1 v =) A 1 L3 =Y & Qs a
panuuudmivihnuiiuiveunsalndalWingug 1y ssuuwaduasenindiundanuay
- &=l (3 = & o s o la' [ 15
LATLATBIUARLYA TYUUwadRAIDTindiundeuan waglnimdad Wudu laegduuy

ixuuaz%uafgﬁ’um‘saanLmem’fmqﬂszawﬂﬂseﬂ'ﬁﬂuﬂiﬁﬁmww (3]

Hybrid Power Systems
Comiyne multipls sburces o deliver non-inteamittent tlectric power

Wind
turbine

Battery bank

JUN 2.3 waduaofinguuunana [4]



2.2.3 dauusznauvainisHaniniidleeaduasnniing (Photovoltaic)

P

LINVERTER |

|

|

| P """ 77771 eeme——— 'F i ok

- |
: [ i i o - L e A ol | OAD
|
|
|

pC
~| LOAD

d - v =% €
JUN 2.4 syuumsndnluiidmewaduatonding

nslfiwaduasenfindiiondandasulniiienaisefiadlnense asUsenaudae
gunIalf199 817 unuwaduataiiiag m%"aqmuau miﬂismwmmﬁ LA3oadsusTuY
Iiluazuunined Tnendsnulnirfinanlaanuugaduaionding azdosiniseanuuu
ieliRe mesansldauluthuine e %aiumsaaﬂLLUUizUUﬁqﬁaaﬁmmﬁmmL%’ﬂﬂ’lu
gUnsalinag tileanunsaldnulsioggndesuasiiszansnmilan lunisesnuuuszuulvifa
WL ngnaduaIeing dednslddruusynouiiddny ¢ dw ldud (1) wad
wasefing (2) Lﬂ'%'mmwlwsxq (Charge Controller) (3) wumis3 (Battery) (4) Bunasines

(Inverter)

2.2.3.1 \waauaia1ing (Solar Cell)

]
oY

Tupanalaeiludisaduaseniingia Heaildiley 3 vlandngfe

I

* |waguat@1finduuu Amorphous Luunamadiae ingdlinasniian
anusafunasiseuqlisuisuasanuaentniiniieg Jaieuldlufuiiifuemendu
avoowllunnyn ansavihunislfgamaiigadldd witiinadefouss@nsamaeudnerinds
yhlidedditufiunnunsdomilUléfugunsellaiirnag 1wy insesdnasunitnmiogunsal

Infaunadng Wudu [2]

I3 =3 g 3 [ L3 a €l [l =~ o o

® ganua@1induuu Crystalline Wunruwaduasefindnegluguvewaniivi
Tduunuiauduuregaunsautseanlailiu 2 wuu A LuU Mono crystalline W3BuNITHR
NANPEILATLUL Poly  crystalline  wiendnwaundosafideidusgradu 1y Single

crystalline wag Multi crystalline LﬂuLLmL‘naéLLada’lﬁméﬂﬂmumn‘we‘m WRILLUU Mono

=

crystalline 28dUssaVENINANIUAZIIAUNINIMUY Poly crystalline idniiae

8

fsansiaiitefifomeunsaideriadldine f579a79n orensldaueniuiunit 20 U

o s

vuyny Wiufitesnitivminut wiiltesiiafeussaninimnisviauanasegienn dle

a

o ==
auluaniweniafidgamgias (2]

v



® LwaALaIRIINdLUU Super amorphous Wipa1al3enIndunuy Amorphous
Triple Junction unsadLaa indviinilazsiuierdeafivedyia amorphous wag crystalline
1LY laefiuseAn3ninaaniiuuu amorphous  uazaursaldgunsaldenwiesauiuuuy

o =l va a <

u o a o 14 d’ o
crystalline  vwilndeilauantaiimenainsatadiula Weswinnisugnivadyiiuu

q

v
Yal o s

gruseaUssivwanadn vinluiidniiniun nsvudsazain awisafindeniuiiuiinvesian
' v S = P | ! a 4 d o Pooa
Anaqlavainuany usildeideAeiisaunenitvindug 30 - 40% luswiandiefinisudadu
a = =3 vas a o v " ' '
NNAAANFUL TIA1REgnanarlasuaaieiunldnuegunsratesely (2]
o 1 5/ kg a a a L3 ! =
nnAinaIndeiu aunsailisuifigussavsnmveaaduatenfindusiasuile

Y =
Teim1519n 2.1

| = = a a ¢ R a
A15199 2.1 N15US8UNeUUIEEANTNIWUDIRaAILEID N ULRaL TR (2]

w1l UseLanian Usgdngnm (%)
Amorphous Silicon (a-Si) 4-9
Cadmiutelluride (CdTe) 6-9
Thin Film Copper indium gallium

selenide (Cis or CIGS) o<r
Organic cells 3-4

Mono-Crystalline Si | Sc-Si 10-16

Multi-Crystalline Si | mc-Si 10-14.5

Inenanzdinviladenldleaduasendingvila Poly crystalline wsnziisiaign

21gmislsnuemwulasUsedninmi lnewSeuiiuanaudilassmusiraduaonfing

v

wiazivia laramnnsnan 2.2



A =l =l e < = L3 !
M990 2.2 L‘L]‘iEl‘LIL‘VIEJUﬂﬂJﬁiJUﬂLLﬁBS’]ﬂ’I‘UBQL‘HﬁﬁLLﬁﬁEWWC‘IﬂLLG\ﬁ%

fvie [5]

10

Price
Brand Type Pm (W) | Voo (V) | Isc (A) | %Module Eff
(Baht)
Poly
300 44.6 8.87 15.63 8,640
crystalline
3¢ CanadianSolar
Poly
300 45.5 8.72 14.2 8,100
ey crystalline
Hamﬁqha
Poly
300 39.8 9.98 18.3 13,200
crystalline
@ra_ |
Poly
300 45.32 8.93 168 9,000
crystalline
QCels
Poly
300 45,7 8.64 .y i 8,500
" crystalline
SGMRW{;SS;E;
Poly
300 45.1 8.80 18.3 9,600
crystalline
Schutten
Poly
300 45.2 8.86 154 10,900
] crystalline
vm;;ﬁég;@m Al
Poly
300 a4.4 8.83 155 9.900
crystalline

% SUNTECH

G UNLIMITED
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]
£l 0 1/

= P
2232 AT09AIUANNITUTEY (Charge controller) \Wugunsalfivimeini
s = L3 v ﬁl ﬂe‘ d’l 1/ Vel
Useqliihiilisuannunswaduaseniinduusaldiununned dsnnsusyaiesdaslliinns
a P = ° v v ) o v o al
UszRunifiull (Over charge) @sasiinaviliiuminesioudn vhiliideuaninis wasiile

=l < Y @

< v Y ¢ @ =l ¢ o
LLUWL&’\BS&J‘USB%LmJLLa’Jﬂﬁ]zmaﬂﬁlﬂﬂ’l‘im‘ii}wuﬁ ﬂ‘ia‘ﬁLLﬂlWﬁW‘tﬂWLLUG]LGlﬂiLﬁulwﬁﬁﬂ'izLLa

9

=l al

= ) = o 1 <
nyeffisudayqonduiad (Pulse) uazdiusamdeulwihgeniuunine3uszanm 15 - 20%
- a1 w =l = v ¢ dyy a =
\iosaniladudsiuifeadedunszuiunsviiauunienss bun gamgivesiunined A
] cll 1 1 A £ % 1 e AJ 1
limaaanszualviainumnasdig ndould lagamizanunaaindanunaunudue 1y wus
¢ a € v W Aol -~ v % ¢ . °
\waduaIeing nieiuauvriedu Jnedldauniaiuseanana (Microcontroller) 11vi1nng
Ussanana LavmuAun1sinannsnialseuarldaens PWM (Pulse Width Modulation)
3 9 o v Ay vy 1 A a a oA
wadgudygaliiiielvinisussquuamesldegaiiussdniningen usaiasmunay
1 d‘ s i = !Jn:-dal o
UsEquuy MPPT 9uil51AUmInI Uy PWM insazin3aamugudananinisleismiinag
vV oa a o =l! = e d‘ 1
muRNUsERlAnUsEinSnmgege SulSeuiisuguandfuazavetnisunlszque

dv o a
ATUND ANRMITINN 2.3



o = =l wa o 1 <
M990 2.3 LUSEJULV]EJUF}EU?INUWLLEIS?WM‘UENLFI‘SENFI’JUP}M ﬂqiﬂigﬂﬂ'ﬁxﬂumﬁﬁﬂw

9 [6]

Max.
Max. PV
System Output Price
Brand Type Input
Voltage (V) Current (Baht)
Current (A)
(A)
B
S PWM 12 30 30 3750
MPPT 12 25 a5 7,800
Imin’i-""@;\f
PWM 12 30 30 -
MPPT 12 20 20 -
CNBOU Wi
{. PWM 12 30 30 1,390
45,
= PWM 12 30 30 2,100
§ LARLAND
""" MPPT 12 30 30 -
PWM 12 30 30 -
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o = @ a ¢ 1%

2233 wumwes (Battery) wunmedfildlussuundanuuaseniing iield

LY [ Y] = a Vel 1% o s =1
I undsnulnidnswaulvdanuwmaneanlunisidnu legazesnuuulvaiunsadafiu

v i v a & aa ' = 1
Usealaunng uazdnenszudliilduiuqdunioninduuunneiuuuiiedseqge (Deep

< =

Vo [ a =) o v o1
Cycle Battery) lngniseenuuuliudusigaenifiniuvunduiivey iunaviilidiniu
mumunislugaaansadafivuszalniilags udedrenssuaeenuileligannidn Gl
o [y o o & = 1
winziunsldanuidesnisnssualifingeqlusvesinanduy uuameiuuuiieUszqgay
o a . d: ° . .
wnzdmsusalnisoanves (Flock Lift) ta3esdrsasiy (Uninterruptible Power Supply:
UPS) #%50MstAUNSenudisasannuiadaaunawnueaingg 5uandanuainuaanfing
v & i al ¥ v & ) < ¢ )
MLLUAABIUUUIBUITEYE Filsmruialastminfissiuluaineisasus (Vehicle
battery) snnflausiinideinddalus (Watt Hour: Wh) wisaanaquaanszualwiiaziviniuf
A Tunsldauuupmeiananlinumu azdeamsiutediianisiiugamall uasseiuaiy
anlunismeUssy (Depth of Discharge: DOD) lusgwinanisvinnudiy Jeaviluase
a a 2/ < 2/ o = o 2
Usvansnmuazergnmisldauvesunned nmsldausundsnulnimunssdunavilfeny
v o8 1 v & = 1 v - s ' Y
nsldnuvesuaneTduasegauing Awunisldnudaddenslduszgluinsiniaseeu 60
< < < a av 1 a
Weiliudvesruuuameiuaziunneinaivlilunernmdu Unfisamgiiliiu 25°C Tu

1 ! = = o £ 4 o v a o L4
drunsuszglniasnesladussynssualuianguiuly ssirliuuainessoudnsinlv

' 2/
= =

deuanmiiBlu Samudaogmslisuisnuiuniuunneiuuudug wnnesvinign

= e

ponuuuUliIgUszalan 45% 4 75% vedANguUAmes Tusgiuikdnuazlasainives

u
(]

wunne3 leslliouiisuqnandiuassmuaswunineiudazie Tafmssd 2.4
JoumnsinasgminuunimeIuuUTIeYsEYge MU wuRmelsneuTlUABAI WA N

Tunsselwiiiuliluwunned Tasfuunmoduuuitgyszgannsatiomdsliilats 8o

wWesidudvesrmugliihiiuliluwunnes wu duummediiuidsiwihligean 1,000 od

zau1snumaalniuilelane 800 Yad (80%) waadununinesssasudvialuin

o w

mdslwianldlaies 200 Tps (20%) winiiu asiulduunneiuuudtsUszqas 1gn 9z

WiguwhiuwunneIsaeudaa 4 gn [3),(8]



= wa a 1 dw
n19199 2.4 L‘U?EJULﬁ&JUﬂmauumuasmm*uaal,mmLmaiLLmaaEma [9], [10], [11]

14

Voltage (V) / capacity

battery (AH)

Price (Bath)

12/100 4,400
12/100 4,200
12/135 5,900
=i ld
BATTERY
i
1 12/130 5,990
12/100 5,100
12/125 5,500
12/115 5,800
12/115

5,430
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a '3 '3 can v o = o
2234  duesines (nverter) \DugunsaiilduSuiudsundasulniia

< o ] . o/ s P [ L3
nszuansernuummedulinssuaadu 220 v dwiuldnuivgunsailuifegludhu

[

Imgluduesinesaresniuurasnglulagldaeas Switching wlasssuulwihnssianss
Y o <l v a
\Whunssuaadu Teedidyyimnudlui 50 Hz Tussuudiilvuadng HNAND1998 3912993

suneiwesitnlugafsaiuasasmununisuszgIniuunnes (Charger and Inverter) Tu

q 9

s =l

£ 2/ a0 o d 1 o o as fA v :j du A‘-'J = & LA
MSlTURB AN N'}wqdmwmaﬂmmﬁhjmu 15 - 20% YNULUBIIINDULIDILNDIAY

o w w 6o v

UseANSnmUseun 80 - 85% LU NANAANABINISLT9IU 800 Tad @osldduiiasines

e 1 Alateed Wudu [3]

duneswasniuyldiurmlull 2 uuu fe

= o/ s I

. v dal = 4]
® Pure sine wave A8 dyaalwiinszuaaduniignedudyausieiios
] s o o < ] 1Y a 1o Y a
wingdmivih il iuiesasldlnialivnadaleslavinlninedgun uaz

i

)

| d d a - Y = v 1
sUTvesnaunnaalamieuiuzuaduldiianutiunnysenis uadisiangs

U

n31 Modified sine wave [12]
® Modified sine wave fe dyqnilnihinszuasduignas@unlasvuiunis

nfInea lnedygranlassdiusiutasanudvinnuniu Pure sine wave

i Val W

wasUndulidaudoliiod ety Modified  sine  wave agldlafnu

U

i
=

insedlilvihifissuuudadnitilunssuanss Wy 73 vy aeufiames (Ju

gy waltlalanuuawastniwmideaiin

lnawSeuiisuaaandfuassiavaBuneinesuiazBve lanwmisei 2.5



= wa a ¢ ¢ 1 du
M15199 2.5 Wisuiiuanauifvassavedunesinesunasdve [10], [13]

16

Brand Type Power (w) Price (Bath)
@ Pure sine wave 500 2,100
Pure sine wave 500 =
6 Pure sine wave 500 2,500
Pure sine wave 500 3,000
Pure sine wave 500 3,000
Pure sine wave 500 -
Pure sine wave 500 1,500
Pure sine wave 500 2,700
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2.3 lulasmaulnsataas dsPIC30F2010

US¥n Microchip IeWamnlulaseeulnsiaeslusulminussinanalusesiu 16 On
gonulilduiiufe dsPIC wiaiSendndedn Digital Signal Controller wi® DSC DGR
994 DSC  AENISUTEIIANAT Y IUATADALALLANIZATUNITATUIUNNANAAIANS AL
annsaussananateyalagatie 16 dnatauvias uannuiufiumnniilunsussanana

~ v o A o aa ¥ a  oa @
wielvsesiunisilasuulasvesdygrndineald ianfdsanuaisalugawlasdygiu

' v
[ o ok

[ @ aa Vel = |
awndeniluddnealvliaraniilunisgudnyaoniavu [14]

LA

28-Pin SDIP and SOIC

MCLR
EMUD3/ANO/VRer+/CN2IRBO
EMUC3/AN VREFCNI/RB

ANZSST/CNG/RB2

287 Avoo
Z ANSS
sl FAMIL/RES
25 PWMIH/RE

[Ty |

ANS/INDX/CMS/RB3 B 22 PWM2U/REZ
AN&/QEA/CTICNGRBES T 3] PWMZHRES
ANS/QEB/ICS/CNT/RBS £ 27 PWMILRES

Vss S 21 PWM3H/RES
OSCI/CLKI N 28 Voo
OSC2/CLKORC1S 1o~ 8 19 Vss
EMUD 1/SOSCIT2CKANATXCNTIRC13 11 = 18 [ PGCEMUCIUIRX/SDITSDAIRE 2
EMUC1/SOSCOM ICKAARXICNOIRC 14 []12 17 [ PGDEMUDIUTX/SDOVSCLIRES
voo 13 16 [ FLTA/INTCSCK1/OCFAIRES
EMUDZ/IOC2AC2INT2IRDT 14 15 [ EMUCZOCHICTINTI/RDO

U 2.5 Tnsaasne dsPIC30F2010 [15]

Vs

= € o A 1] a 1 %4 ‘;’
Tuniseinelaseu Handuiagldnundadumvelasnad

2.3.1 luga ADC Tulalaspaulvnsaiaas dsPIC30F2010

b

L %

A/D Converter #538 Analog to Digital Converter (ADC) L‘Tliﬂuﬂaﬁ,ﬁmu’m

€

a

iy newdendunnainntsuenlulasaeulvsaiass dsPIC30F2010 uarindmeyin
pudeaniild wuvandudyminfinea ieldaunsaidyaiadisudunluldlunis
Uszanawals daulsznousniiuesnsyuiuntsuwlasdyauetndendudygranines dagy
7l 2.6

Analog Signal

A/D __,. Digital Signal

ol o Scaling Filter |-» Sample & Hold o Multiplexer
Converter 0011010110

d 1 L} s L aa
JUN 2.6 daudsenausieg seenszurunisiuasdyqueudendudynyufines
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a ) a ' 5 ' A o
ﬂiﬂU’JUﬂ"l'iLiﬂﬂqﬂﬂmmqmauqﬁﬁﬂﬂuw‘ﬂ FEHIUNIT Scallng Nou Lwawﬁlﬂlﬁ

s = =l U' L 1] A at 2 at 1 1
gy upurdendunaiiadiga-gean sgludunamisateoudyaialsd sndegratu é
[ [ a o 1 ot [ = o 0 v ar
waewdenduwaila 0-50 V iserlianansaleudynimeudendunnsinan Ty
lulaspaulnsalans dsPIC30F2010 14 1519zfesyinisaina (Scale) Tiaraudsdndniag
| o as a 19 v aa |
neudsrgeanvesdyyiuewdeniianansateudilu PIC 19Afe 5 v 38msieqglunis

Scaling fifle NsBMAULUITIAY (Voltage divider) undiegnedagy 2.7 dyameundeon

'
=t 1

duwmazdidnvindu 05 VvV aeegludrunaiuisadewdnluiululasereulvsaians

L

dsPIC30F2010 1@ #9@8999nuuUAIfMIAIUNIY Rl wae R2 IAWMuIaumuvann1snIswud

W99U @unsaA Ul uANUFUNULS feaunis 2.7

V= =2, 27)
R+R,
+
R1
+
Vin
R2 Vout
{0-5V)

to microcantroller

JUN 2.7 M3AaMAUIULULTIFNG Scaling

§991nn15 Scaling TunausolUiRe N5 Filter oaaneuduainluuou

mmnfilifieaniseenlu snfietratu Low-pass filter Mrzaaveudynyiunuigiesnly

[ o o

(¥ nl; 2 1 é} o = (¥
vdrntufazidygiuilduri Sample & Hold wiavinis Sampling dyaueunden

= v o s . o o 2/ al [ @ @ ]
Auns Wiludyeuraiuuu Discrete 599N Hold  sie ivevinlviAvesdyaaluaig

oo

F8NUARY Sample dAATIRaEALIEN
Tunaugavinenawdig A/D Converter AfaN1s Multiplex ms1¥31uAS

wienvrlilasudygaeundandunniiissuadesdygauier vilinesings Multiplex

o

\Weldanvasdyarneurasndunaisisanisdeudng A/D Converter aantiu A/D Converter

L] q

o/ [ @ a

° - & a ¥ o 1 a - P! I
wimsudasdugusudenideunnludyyuaines uardrdyuiufineanlaluld
usiald ﬁaﬁﬁmauﬁmﬁlﬁamnmuﬂaqé’mmm%fﬁuagiﬁ’ummma:L’Sﬂﬂ (Resolution) ¥4

<o

A/D Converter vaslulasmaulnsalansuraziuas [14]
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2.3.2 N151g9u Timer Tululaseraulnsaiaad dsPIC30F2010

N = o dd 1 o €
Timer f® 299stiuniiegnrgluinlulasaoulnsaiaesnsena dsPIC30F oy
v ° o = @ o N S | v owy v a
Lsifuasyihmaimaiiay 1 lSesaunssialaannniimunniigafianunsoduls udaess

o/ -:n’ 2/ o 1 1 A:; 1 . o L)
wanauluaudutuseulnl usazusing Overflow avenlivsiuin Timer vinsiuau

! as o

s =) U = = at 2, ni 2 df £ 4 N o
ATUTOULAT (HAnnnndrunitganaunsatiuls) Syarasunanlddeuiold Timer ¥

o 1w - v € = o 2 v eay v a a = Y
AsUURefLUUNad ‘U\?ﬁmmqmaqﬁ]"ﬂgLUUWﬁﬂwlmﬂqﬂUWWﬂqﬂiﬂmaﬁWﬂaUTﬂﬂU

7]

= s Qs 3

=4 2 a v al 1

lulasaeulnsalaeiviodyyruiadainaeuenils dndudunadyainuuuisnazisenin
" | v - A ' Y ' -, a

Timer udtldysrndunauuunantazizanin Counter sndagensdl Timer vuin 8 O

lddfygradunmnaianeanud 4 MHz aziidnuaznisvinudeg 2.8

4 MHz 1 MHz
J—I_I-I_H_I_L m Timer
0sC » Fosc/4 > A->B
+1, 41, +1, ...

HH

JUT 2.8 dnwaugnnsvituves Timer lululasneulnsaaeinsyga dsPIC30F

MnsUaniulin dygraninininasansainiiug 4 MHz uslfiesan 1
wwduluAavaslulasreulnsamesnszga dsPIC30F Aty 4 Wadvesdggamninn
MnATanea mtuANuangndauliiuduns Timer AoAnudvesdygrmuifiniaSanoanis

My 4 Fafife 1 MHz vl 1 Waditewdudunnliiu Timer finunatviniu 1/1 MHz =

2 '
@ =

lus MewmaiRuilumnasan Timer vimsifuimaiiinA1n@uiuin 1 azldssaznaiuu

q
@

N a | e 1 16 P - o
1us ﬁ’TL‘ﬁu Timer YUIA 16 UA ﬂ?%UUlﬂQQﬁﬂﬂﬂEl 2 = 65536 FANMNUITYLLIATMNNUA

q

w4 @ =

256pus Inues/AAmesuaniy dsPIC30F 4 5 fafe lmwes 1 delnwes 5 lnsudavdnd
uim 16 Un d@usulmued 2 way 3 nulvues 4 was 5 atuisavinnusududulvues

Yum 32 Un [14]
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2.3.3 Tuga UART Tululasreulnsaiaas dsPIC30F2010

P 1 5 s & 1 2/ = =
ﬂ’l5ﬂaﬂq§331ﬂ?74‘lﬁ,ﬂﬂiﬂ@1ﬂﬂiaLaﬂiﬂUE}iUﬂﬁmﬂ’]HUBﬂﬁquﬁiﬂLL‘UQIW 2 YURA A

A . . o 1 L% [ 7]
® A5ERATWUUYLIU (Parallel Communication) m‘l,éﬂmﬂﬂﬁawangamﬂsgaa

o as

(Transmitter) TW&ESU (Receiver) aonuiiiaz 1 ludinse 8 Jndeerafilnfiududmsu
o = %) ) w w | )
AUANNMIARANs Fuiltenfe dnsinnsiudteyags feeensldary STM32F4DISCOVERY

[

L2 A 1 d 1 A 1 v d 1
AUATTADATTLUUTUIU LTU NITLUDUADIDLAAING LCD N1STDUANDNADY LAYNISIUaURDAU
' ° a o ' ¢ & a Y v
WeANUINEIY (External RAM Memory) Mmnansseninegunsainsasaniesioslingu

;& e = 1 0 ) o v v ¢ 2 o
aedadudnnunn (Bus) Jslimnzdmivnuiiseddgunsalneueniduduaunn

=

= - . . &) w1 =l a o=
® nsdgdrIkuvaynT (Serial Communication) uMIsudIeBnuINaEUA 393

1 k5 1 d‘ 1 s o ot ‘d 2/ 1
ANUAITININNTEDAITUUUVUIU amaﬁlsmu fnaNdmsuNIsdsansovasldansdiea

= =l

' 1 v 1 17 i o v =l g <

Aied Fadlarlddredesniuasyiligunsaifivuinidn wenainil n1sdeaisuuveynsy
< = 1 T aa '

aunsadeansuuuiasatigla Jadundenuinnds
MIdeansulaynIua@snTaluLla 3 sUwuy

2 [ [ - —}
1. Simplex aansndateyalasgafen deansuuuniaufier

ot 8

2. Half-Duplex aunsadeuasiutoalausluauisaduasiulalunanfeniu

u

3. Full-Duplex annsadsuagSudeyaldlunanfeaiu
annsouUInuanwudla 2 wuu
® n1sdearsuuudslasda  (Synchronous) l¥dmayiaiunitninavnung

Fudsdyyn 1y aefduaianoniimes laevslaedyaranduniaduaedyainuiing

L7 v}

drusnidunilaluaeresoya (naedargniniiie) nsdeasanvusilimnzdmiuns

alusveelng veyanavdeiiliinnin mszisseslnatuvinlidyeauniinitgm 8n
mdandlanevareidu Mlvdulioswin

- = @ v 2 S W oA '

® msdeansuuvesdalasila (Asynchronous) Hanedeyaifiusiadien us

wldgunuumsdedoyanie Bit Pattern Wusfmuaidiulnududiududoys il

[ @ 1 [ o/ L £ 1 & 1 = v
Lﬂuﬁll’ﬂa%a ﬁ’Jul‘ﬁu‘-]#LUUW"JG]???JHE)UF‘TJ’lllgﬂﬁ@ﬂ‘ﬂi)ﬂ‘ﬂ?)lluﬁ LLﬁSﬁ?UIﬁHLUUﬂ’JUUﬂW’]EJ‘UEN

Taya lngResimualidygrauninivinduniniaduasninivdasiigunsaliiauitodn

UART F]@EJFY]UF}SJﬂ’]‘i%JULLﬁSﬁJ‘UE]ﬁJa

U

UART 6811391nA171 Universal Asynchronous Receiver Transmitter Hunns

\WeurawardoasteyaeynsuAugUunTalingg 1y AauWIWBs, RFID, GPS, Wifi Module 1y

o

M
YoRveenI13lY Asynchronous Aeanunsnd@eaisiuy Full duplex naAeaiuisosu

LAYAIUBUATENING Receiver  way Transmitter  lolutiandeaiu uenaini ludaeld

Y
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a A o o/ a ! v 1 o
awdaa Clock e wundemenisivdedoya ualinsivuasuuuu Format w3

Protocol Mssudsteyatiuuunu u,asmﬁamiﬁmummmﬁwaqmi%’uﬁa‘ﬁm&a’lﬁwiﬁu

Data bit anamadiu Parity bit

Next
Stant
bt |

B j 8o | Bitt | Bi2 | B3 | Bita | mits | sis | i | mis | %‘@Di

Data bit or9suliy Parity bit

Start | i Next
Bit | BitQ l Bitt [ Bi2 l Bit3 l Bit4 l Bit5 ] Bit6 l Bit7 Féftyp 1 s;ﬁri

31J=7'i 2.9 EULLuumiﬁamwm UART
DIFUTENOUYBIN 1T UFITDYAUUUBYNTY
msdeansuuveynsuiifenldfuneiame ity (unsdearsteyauuverislasia

Fedldyaanduievhmiivisdniduleyevioduilinununsdsdoya duu deyed
gulausardnanmsdauuueynsy Jsgnuanueginlddmiuinguszasnle

1. Start Bit Wuanue Low vu1e 1 O

2. Data Bit vu1e 7-8 Un

3. Parity Bit glamuamnsanmuawiinues Parity Bit wuu Odd, Even w3e None

4. Stop Bit f91wWu 0.5, 1, 1.5 38 2 U

2.4 szuuLaulesdaya

= g

gunsnidemsliane nhilidusnasmsfnsedeanssewirslilaspoulnsamesiu
nevfianed Suunidu 4 Ussuansd

1. ugys (Bluetooth) Wugunsaldeansuuu 2 fimvna vuimdn s1agn Tnude 14
& ngdeanssinunauing srevdu srevnamsfindeusvana 10 wns

2. Fe#Bunssn (nfrared) Wugunsaideansuuy 2 firma vunaudn Tdndaanush
sepEynINsAnredeUszIn 1 wn3 Inevinuiiaainnng

3. Zigbee Lﬂuqﬂﬂ'z‘ﬂiﬁamﬂ%'awLLUUﬁﬂWNLﬁmuax 2 $iemna Taudmiunig
doansmnuiai Midsliindes gunsaisnagn uariinuandinstansdedd [y
wallafl¥aneiisuiudeasdoyariuidusesvunndn

4. syuuesetgliany (Wireless) iugunsnidoansuuu 2 firnns Tneumss s IEEE

802.11 @usaiinnessuu Ethernet b fiugUnsnlaeedyauias (Access Point)
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2.4.1 szuuLAsUnYliay (Wireless LAN Technology)
sTUUA3aU815a18 (WLAN = Wireless Local Area Network) B sEUUNNS
= 19 P o 9 v 7 | < da oA
doansteyanilguuuulunisdearsuuulidldany lneldnisdenduarudingluguing RF
d a [ | I =) 3 ' | I
way Adudursise Tunsfunazdedeyaseninsreuiimeiudaziniasiueinia, vzq
[} =4 q‘ 1 153 ﬂd 2/ = qu
MUng, InAunIedenaainidug lagusrannauReInITUBINTITRLETY UBNINNTUTLUY
=4 I i @ e al e 1 = s 2/
wietglfanehdulinuandiinseunquynegruniiouiusyuy LAN wuuldane
a o w = J [ v o v o i o 1
néAine nsnlifesddaevhlimsiadeudenistdauvinldlaeasain T
P ] o v v ) < o 1 2
wilauszuu LAN  wuuldane fdedddinaaznisamulunisuiuiasusumiinislda
= = < s ) | a 1 a1 ]
wiespeuinmes  Yagtulanveusulugaurinisiindedeans imaluladeinag wdu
Insdwitiedie \Wudsinludensdndugsfauasnslddinusedriu anudesnisdeyauas

o =

MsU3MsAnan dmmddudmivtingsie weluladfiauesdanudoanmamdniuiiunung
wu Wnsdnvisletle indesnsuinwmes in3nahdy Iagnihanldiluegraunn [16]
2.4.2 Uszleyivasszuuinsevieliany

1. Mobility improves productivity & service in11AGD Fatiilaiin
is1aendoudiluiluu viewmdoudreaeufinneslusumida idadinsdendetuiniete
naeanan nsladdiegluszermaddoya

2. Installation speed and simplicity @u1saRaRdldneuarsIng szl
Foudunafnsmaeiaida wazlisngals

3. Installation flexibility @unsavereszuuAItieladly W ziieauall
wgniaurodhiulindavieR@ndnginsevialaviui

4. Reduced cost-of-ownership anfrlddslansu Afammudesamu
71A1g¢ wnrluszeggnumszuuiaievielimelidnludeudedvigeinviuasnisvene
indetnefiamutiesninfuvaei esshsaudiglunisiingg

5. Scalability La3eU1eldaevilwesAnsarusoUsuruInuasANMW LI aY
Indrgluigaen LW'i']smmaﬂiemé"lEJGTWLmtiqmsH'muIﬂaLawwsizuuﬁﬁmw?famw*iwqm
siegn L sewinedin Wudu svuueiednelians Wussuueieviwneufamesvunnidn 1

Usznaulumegunsallduinin wavinirineglusiasudsieaviseiaslua swanifeaiu

nsldnuniiaulangauenniedigliavifie amnuasainauieildsesinegiud il

Y

ansawndeunluanlalaenddeanseglussuuiniatie [16]
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a ' o o
2.4.3 EU LUUNITLYDUADUDIISUULATDUN Eﬂiﬂqﬂ

2.4.3.1 Peer-to-peer network

=
3U¥ 2.10 Peer-to-peer network

o ' 9 & - ' |
sUwuuns@eusauauliatsiuy Peer to Peer Wumsioussuuulasete

1 & =Y A -y 1 d :; = 1 s
TAEATITENINNATRIADUNALLGDS LAUIATEIABLNILADITWARLLAS DI UALTA UL B LAY

° Y [T A - ¢ o o o o P
ANU150Y19UVDIRULRALA wazvaltuInisiATedauls Fuunungdrnsutiunltaruiie

& v & 2y P | - | v oA P=) ar ) ' |
UsEasrsnuANIINgT viednsaldlasdraiiioliilassadisiugnuiiorsessu Moty

¢ - =l o =
Tuguguseruviem sussyuninuananIum [16]

2.4.3.2 Client/server (Infrastructure mode)

g‘d“?l' 2.11 Client/server (Infrastructure mode)

seuuAseUylianuuwuy Client/server %39 Infrastructure  mode  1Ju
dnwairmsiudsfeyalawenfy Access Point (AP) 38138031 “Hot spot” vihwitiiidu
avmudousioseminszuuaietnsuuuldmeiuiniesnesianeigniis (cient) Tagaz
nsvaedrduingiesu-dueyaiduieiilasseu insesmeufiunesiieglusmiivas AP o
naneiduniedronguiiisaiuiui Tnsinsesneufiames asaunsofindefiu uiefndeiu

Server \fieuaniUasuuasaumdeyald lnefesindaniy AP vITIu 3 AP 1 9@ @7a190
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v oo 2 ' = = 1 o @ °
Iiusn1simsesgninelats 15-50  gunsal vaaATeIgnUiy wunzdmiunisiluuene
A o 9w o & i v a a v - v <
iwsetieveliTuiusruuTavisnuuldaealuee vile, wedayn vislueeUsyyy e

WinUsgansnmlunisyinauliuntu [16]

2.4.3.3 Multiple access points and roaming

< 1 = Y i = = ¢ @ .
Ingluuad MsveusodyqIuseniuAIeneuiawes AU Access Point
raunsotngliangaveglusmivseana 500 wWnatelueims wae 1000 Wanleuenemls
dda & a 2/ ! vV o o = = o = L4
WnanUNNRRAsEivuIAN 19N W ASIEuA Vinunehumiverdy aunlu asdeddl

NIIANIsinee AP Tannau welwnissvdsdunnluvsnaveinistisvuining

Julvegeasaunquinia

2.4.3.4 Use of an Extension Point

(%))

ACCESSPOINT u
L

‘g‘U‘ﬁ 2.13 Use of an Extension Point
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=i=i' v Jﬂ 5 L) 1 = v/
nsdlflaseadrvesaniunfnnuaietieuuuliansilgvideenuuusyuy
91393¢14 Extension Point NilAmautRmileuriu Access Point ulaisiowninlifiuinisty

[

1ane Hudwildiiudulunssudsduann

2.4.3.5 The Use of Directional Antenna

;i‘i.lﬁ 2.14 The Use of Directional Antenna

szuv LAN TSansuuuiidunuuldiaeimalunissudsduainssnineins

'
(o | @

a @ a = AT v o [y
ﬁagmaﬂu Tren1sAaAaIINIANLARE AT IWRAILLAY JUANMTENINNNU [16]

2.4.4 3 msguwAIedelinie IEEE 802.11
wesgiueietieliate [EEE 802,11 lAunisfifiurimeunsnsausniiled
W.71.2540 lawan1Uu IEEE (The Institute of Electronics and Electrical Engineers) ol
forvunszyliin ndndusiedotnslfasludiumes PHY Layer wuilmuanunsalunis

Judsloyafinauda 1, 2, 5.5, 11 way 54 winzdaneiuil leefideshdyanm 3 Ussunli

k2 a

- v 1A oa | o a a ¢ - a ¢ A a |
Laﬂﬂl‘ﬂﬂquaU\LﬂLLﬂ ﬂﬁu’]wﬂiﬁnUﬂ'ﬂﬁJﬂ 2.4 NNTLEINY, 2.5 NNLLTINY LaLAAUAUNTILSA @1

2/
ot s

TusgAvtu MAC Layer tulanvumnalnueinisyiiemiuuy CSMA/CA (Carrier Sense

Multiple Access/Collision Avoidance) @9TAIMASIBAZIAU CSMA/CD  (Collision
Detection) ¥8nms§1U IEEE 802.3 Ethernet Saflealderuuuszuuiniatie LAN Tdane g
finalnlunsidrsiadeyansuwnsnssnedyginlduueinia wieudulinnsnsvaeudlden

aneae

walulaglunisdedyarniley 2 Ussian loun Yssanilddyyinniu

AU InguasUssanilddyaudunssalunisindesudiveya



26

2.4.4.1 Uszawillsatyanamdunauiivg

® Narrow Band Technology Lﬁuww?wqwummﬁmu Wunisiuds
Al 902-928 MHz, 2.14-2.484 uaw 5.725-5.850 MHz dyayrasazilingasn (eevily
Uszaned 1 SiadTed) warlilunisiu-dedeyaseminsdumatulanemadion 1 dwindy

® Spread Spectrum Technology ssuulAsatgliaeaulnydould
wiAllA Spread Spectrum Technology Faldpaudiindnendn Narrow Band Technology Ex
Spread Spectrum f® 939 MASENIN9 902-928 MHz uas 2.4-2.484 MHz lnonisds
daouneila Spread  Spectrum  @nsauvalaidu 2 wuvfe Direct Sequence uwag
Frequency-Hopping

® Direct Sequence Spread Spectrum (DSSS) Direct Sequence
Spread Spectrum  Liumadafidildnaunivgiidessyymnuaild lagaunsndstayale
1NNIUUU Narrow Band  3ainiudSmnzfuanmuandeudiinisunsnasnsuniuain
AALAVED 9 DE19TULSS

® Frequency - Hopping Spread Spectrum (FHSS) nsaadeyeyiod
gﬂLmuﬁf\]:‘LﬁmmﬁLmuwwwLﬁmmmﬁtﬁm (Narrow Band) laewiunisilulda aes
Dudaimuadn drdildslgvmieinulszansanuasadusuniufmsldas Dsss &
#aansld Adapter Wansvuinidnuaraialaiunsdmiuirsas Notebook wielaies PDA
AISLADNUWUY FHSS

® Orthogonal Frequency Division Multiplex (OFDM) mﬂﬁﬂﬁgﬂ
thunlfifleinanuilunisdadoyamuuinsgulmivasszuuinietielias fe IEEE
802.11a ua¥ 802.11¢g midqﬁmﬁynmﬂﬁuﬁwquwﬁmumﬁ Multiplex  dyeuiaulng
m'aeﬁfp,ﬁy'lfum'mﬁ"ﬂugﬂuﬂaa@ﬂn‘jumm?{wmzejaEJ (subcarrier) wateAd Tnsunay
M megapavdaanndiunasiu lithafudasdefu anuafadunmedinsainiu
ﬁu’uﬁﬂﬁlﬂﬁﬁmmmﬁauﬁwmé’mmmﬁag}ﬁﬂﬁu [16]

24.4.2 Uszin wﬁ'h?’s'f’@f@fvmé’mmmiunmﬁ?@m'a%’tfam’faya

BUW33A (Infrared: IR) Lﬂuei'auwﬁwaqaLﬂﬂm%'ml,:imﬁﬂlwﬁmglu

ghumnuiveanaifioginiuasdunsiinmuesauisarbimusausaiu gnihanldiients
doansililusyeglng 16un gunsaimuauuuylians (Wireless Remote Control) finTuAs
i3easulnsvied insenauifle infanoniines Notebook Anautiflduvasadudunssn
wazaaudy fie wumadunuans I1AYN UATIEABNITHAR LTI uARAUUsELANE L]

ansaRumIRuinguIedanavinala [16]
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2.4.5 gunsalitlilunisindetnetneliany
2451 WLAN Adapters \{u Adapter uuulfansdaimindifugiundnes
wuuldane ﬁwﬁﬁﬁﬁﬂﬁﬂﬂ%’mummmL%’Wﬁﬂﬂiwwlﬁ Tum3ate LAN wuuldane, Adapter
Wi Interface 581314 OS 9p3szUUAS 0T BwAz A ed UM dduluinIotne WLAN quvin
wihiilu Interface 58319 OS VessTUUAS T ERULE@IRINA iiparadran1sidouseluss

Thsstnedunsely [16]

SUT 2.15 WLAN Adapters [16]

]
=l L 4

2.4.5.2 Wireless Access Point Lﬂuqﬂﬂizﬁﬁﬁﬂwﬂﬂwﬂa’la Hub 2833suv
LAN wuuldiang Tneiiessuifiu Buffers wazdsdeyasening WLAN 3462 Access Point siuas
\Joudefiu Backbone wadlasstngldanssumnnssruaidaiuy Ethernet uazdoansiu
gunsall3aeruaneIna Saslveaniaidausiaiiu Access Point Funiiiu Microcell fiszey

8yl 20 wWmsile 500 1iRT ua Access Point wiladaiuayugldnuls 15 fa 250 Au [16]

g‘l.l‘ﬁ 2.16 Wireless Access Point [16]

2.4.5.3 Outdoor Wireless Bridge U@ WSultaunassuuAIatiusening
21A15 WesnAldinglunisainany Fiber Optic 8wi1991A3351AE9 Ineawizdndl
danioainavinanueyain WU nemunIeutind1naes WLAN Bridge Jaullumadend

Waula ewndniiu-dweyags ualisaiinsiudmanelud wiseseglusvivanem

O¢es “0O

gﬂﬁ 2.17 Outdoor Wireless Bridge [16]
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2.5 TUswnsy LabVIEW
. ¢ 4 o % w - A
LabVIEW @8 luswnsumsuinmasias1adatunldludiunisiauazinsasiledn

AMIVNUNAMINTIN LabVIEW 8931970 Laboratory Virtual Instrument Engineering

[ =

= i < v ad A a v a wa
Workbench  gansngmnudndulusunsuiiasng w3asainlaiiouadlurasufuiinismia

AmanTsu AnlugaUsTasdndnvasn sinuvedlusunsuiinfdenisdanislusiunisiauay
a A W ' al a a 1% = v _
\w3esiloTn agreliussdnsamlngnisldnisilisulusunsumenituvilangunin (Graphical

8/

programming) ¥38138n8n881931n181 G (Graphical Language) uaziimsseaiuadsadoya
v ot ¢ = w v -] s at o ! =l a !
ﬂﬁ’lEJﬂUﬂ’]‘i’J’lﬂIWﬁ"U’l'iﬁmL’U’ﬂ’ﬂlm’]El ﬂ']VTTUIU'ﬁLLﬂiﬁJﬂ'ﬁ:ﬁLﬂWﬂ?uu@ﬂﬂ WIvLIun anya
= at al o 1 1 ) € A 1 [}
Text Base QSN{IEU_)M']‘LUﬂ']iﬂﬂﬂ'ﬁﬂUW’]LL‘WU\?ﬂqiﬁ\jw’]u%}@;&ﬁquQUﬂimL%@NW@LGUU Port 'VT%E]
| = ) o | 0 o o d
Card A139) i'lllflﬂﬂqiﬂﬂ']WQQWLLWUQIUWTU'JEJFHWU';\]']LW@V]"'\]3ﬂ7u73ﬂ5'}u5’3ﬂ%aﬁdalﬂiﬂUﬂqi

3 17

Awinuaziiuteyalilausvlevdgean Jywinarlilasunisudlaly Labview Tagleiinng

U5TLUTUNTNTIUNIN w3 Libraries  Widwiudanisdudgvamantu lidwgunsaing

\ousieazfiu DAQ (Data Acquisition) GPIB (General Purpose Interface Bus #3areunth

2/
s ot

%) A ¢ Y A 1%
ﬁgi}ﬂﬂu’lu% Hewlett Packard Interface Bus, HP-IB) Weinaunsy w3e Serial Port Lialy
a 1w ead T 1 ] ¢
Anrenugunsalndaudeyauuueynsy (Serial Instrument)

Fayaauiasumsanivgaiindunadinaraaiuazimnsy dmsumsinsie
Uszanana wavhanitaya 53t Nainsaniieg lumsldnusiuduasauisuazvaniuns
auqlad vinli LabvieEw  gmihldldemegisninwansluununndiuvesgaamvnisuuasnig

Hendeinssruudnludflunisinuagnismuny W anamnssunisudn  Slannselind

PIULUR NISNAITHATDINIFLIY WANIU N1SEDEANSLAZIATRIBLNNE [WUAY

2.5.1 dauusenauvaslusunsy LabVIEW

TUswnsuideutuanlay LabVIEW 28158077 Virtual Instrument (V1) w1
@ a - Y d ) = a - ¢ a P
anwarnuTInguenwiegldlviuasiniounuiniesdianiagunsainisiminssy &
aelugunsaliadioussuvartiuazidunsvinueesitandy  Subroutine waslusunsumén
milauiuntemly dwmsu VI azUsznoumsdiulszneundnduaiudiulaeyiaanudiuag
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VA (V) VAVG
VDC (V) VREF (V) 7 4 7 4 EAR] A T o O/OERROR
ATIN1 ATIN2 ATIN3 A4 | ATIN5 V)
2.50 2.46 215 2357 2.19 2.35 225 2.40 3,91
5.00 4.92 4.85 4.98 4.68 4.51 5.05 4.81 3.3
7.50 7.35 7.07 6.94 6.82 6.69 7.06 6.92 7.79
10.00 9.95 9.38 9.49 9.61 9.55 9.34 9.47 5.26

12.50 12.41 11.85 11.68 11.88 11.89 11.96 11.85 5.18

15.00 14.92 14.25 14.44 14.27 14.36 14.25 14.31 4.57

17.50 17.42 16.60 16.58 16.69 16.51 16.65 16.61 b.l1

20.00 19.92 | 19.12 19.09 19.05 18.87 18.84 18.99 508

22.50 22.43 F£1.19.1,21.28 21.15 213 21.23 e1l.23 5.66

25.00 24.87 | 23.75 23.63 23.68 23.66 23.68 23.68 5.28

27.50 27.36 | 26.58 26.76 27.01 26.89 26.72 26.79 2.58

30.00 20 80 202 It SO 29.45 29.58 0 29.43 1.88

AN5199 5.2 Fae1eANInlaan99sinnsItunsELansanaan1suSuIieu

Va (V) Vave
VDC (V) VREF (V) A ) 7] 4 TP %ERROCR
ATVl | ASIN2 | ASIN3 | AsINd | ATIns (V)
2.50 24R el 2.37 2.29 AAD 2.45 2.43 3.16
5.00 4.92 4.74 4.90 4.92 5.10 4.81 4.89 215
1.50 7.43 A DA .22 7.29 7.44 7.30 2.64
10.00 9.96 9.59 9.96 9.75 10.03 9.97 9.86 141

12.50 1240 | 1213 12.28 12.46 i2.11 1218 12.23 2.14

15.00 1490 | 14.52 14.93 14.67 14.79 14.63 14.71 155

17.50 1138 | 1736 17.02 17.08 17.25 17.02 17.15 2.02

20.00 19.92 | 19.3¢ 19.69 19.72 19.84 19935 19.71 1.43

22.50 2237 | 21.84 | 2219 22.34 22.26 2222 2217 1.47

25.00 24.87 | 24.30 | 24.82 24.97 24.65 24.85 24.72 1.13

27.50 2732 > 12108y b 27.26 26.91 e 27.28 SL3% +.35

30.00 2981 | 2975 | 29.87 30.05 29.96 29.69 29.86 0.45
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25.00 24.99 2325 23.87 e 23.27 23.25 23.35 6.62

50.00 50.03 48.53 48.55 48.91 48.32 48.46 48.55 2.89

75.00 74.87 73.50 15.98 73.65 73.34 73.28 18.55 1.9%

100.00 | 100.01 | 98.54 98.78 98.77 98.32 98.54 98.59 1.41

125.00 | 124.80 | 12490\ 124. 82~} 123.76 1 AA3'89 | I3, 7 | 123.93 0.86

150.00 | 149.56 | 148.23 | 148.33 | 148.55 | 148.43 | 148.32 | 148.37 1.09

175.00 | 17513 | 17341 | 17345 | 115565 | 17332 | 17335 | 17341 0.91

200.00 | 200.10 | 198.59 | 198.39 | 198.87 | 198.20 | 198.31 | 198.47 0.76

22500 | 23467 | 225.11 | 28321 | 22341 | 22837 | 28856 | 227.33 1.04

250.00 | 249.86 | 248.28 | 247.92 | 248.33 | 248.17 | 248.32 | 248.20 0.72
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%ERROR

Vac V) | Veee (V) — T T 7 7
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25.00 24.99 23.98 24.15 24.23 24.35 24.39 24.22 312

50.00 50.03 49.43 49.52 48.99 49.48 49.35 49.35 1.29

75.00 74.87 74.76 74.80 74.66 74.53 74.76 74.70 0.40

100.00 | 100.01 | 99.85 99.78 99.40 99.65 99.42 99.62 0.38

125.00 | 124.80 | 125.07 | 124.34 | 12521 | 124.56 | 124.87 | 124.81 @2.15

150.00 | 149.56 | 149.50 | 149.43 | 149.65 | 150.11 | 150.02 | 149.74 Q.17

175.00 | 175.13 | 174.11 [ 174.91 | 175.03 | 174.23 | 174.21 | 174.50 0.29

200.00 | 200.10 | 19958 | 19932 ]\ \196.43/V 199,25 | 19934, | 199.37 0.32

225.00 | 224.67 | 224.89 | 225.20 | 225.12 | 224.56 | 224.64 | 224.88 0.05

250.00 | 249.86 | 249.38 | 249.92 | 249.65 | 249.67 | 249.82 | 249.69 0.13
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A13799 5.6 fegetoyafivinistuding

Load Solar Cell Battery
Day Time
V(V) I(A) P(W) E(W) P.F: V(V) I(A) P(W) V(V) I(A) P(W) E(W) %

20/05/15 | 1:20:01 | 230.39 | 0.305 42.16 304 0.6 11.714 0.12 1.404 14.956 | 110.78 | -3.683 | 55.079 | -55.079
20/05/15 | 1:20:03 | 23244 | 0.284 35.568/ 113 .03+ 0.54 11.89 0.117 1.39 15.34 113.63 | -3.684 | 56.517 | -56.517
20/05/15 | 1:20:05 | 231.41 0.318 45351 | 73.062 0.62 IEH .~ 0.141 1.638 13.61 100.82 -3.71 50.5 -50.5
20/05/15 | 1:20:07 | 233.07 | 0.302 | 44.557 | 73.087 0.64 11.862 | 0.133 1.58% 15.216 | 11271 | -3.719 | 56.588 | -56.588
20/05/15 | 1:20:09 | 230.32 | 0.285 40.004 | 73.109 0.62 11.469 | 0.138 1.588 15209 | 11266 | -3.727 | 56.684 | -56.684
20/05015 | 1::20:11. | 230.35 0.333 49918 Y , Féeksd 0.66 1.2 0.166 1.976 14846 | 109.97 | -3.689 | 54.764 | -54.764
20/05/15 | 1:20:13 | 231.03 0.301 41.991 73.16 0.61 20-600| L0L12R 1.578 15.159 | 112.29 -3.72 56.384 | -56.384
20/05/15 | 1:20:15 | 23312 0.295 48.054 | 73.187 0.71 ik 0.145 1.613 15.697 | 116.27 | -3.696 | 58.021 | -58.021
20/05/15 | 1:20:17 | 231.34 0.305 44.551 | 73.212 0.64 12.193 | 0.144 1-F50 12.601 93.34 -3.699 | 46.616 | -46.616
20/05/15 | 1:20:19 | 230.74 0.292 43.219 | 73.236 0.65 11.8%3 4’ 0.151 153 13.088 96.95 -3.689 | 48.286 | -48.286
20/05/15 | 1:20:21 | 229.93 | 0.304 49.866 | 73.263 0.72 11.682 0.14 1.639 14.13 104.67 -3.66 51.72% | -51.723
20/05/15 | 1:20:23 | 230.23 0.309 | 45.883 | 73.289 0.65 $19/995 0.16 751 14.588 | 108.06 | -3.706 | 54.057 | -54.057
20/05/15 | 1:20:25 | 231.41 0.3 48.697 | 73.316 0.71 11486\, [* 0.133 1.526 14.089 | 104.36 3.75 52835 | -52.835
20/05/15 | 1:20:27 | 230.94 0.312 | 49.673 | 73.344 oy +1:394 .40.159 1.811 14.353 | 106.32 | -3.693 | 53.002 | -53.002

Average 231.141 | 0.30333 | 44.7768 | 73.1649 | 0.64467 | 11.6391 | 0.1388 | 1.61367 | 14.5225 | 107.574 | -3.7005 | 53.7423 | -53.742
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500W True Sine Wave DC-AC Inverter with MPPT Solar Charger l s I - 5 0 1 series

FE C¢

M Features M Applications

* True sine wave output (THD<3%) * Home appliance

- High surge power up to 1000W * Power tools

* High efficiency up 10 88% * Portable equipment
* High frequency design * Yacht

* Thermostatically controfled coaling fan * Vehicle

* Prolections: Bat. low alarm / Bat. low shutdown / Over voltage
/ Overtemp. / Output short / Input polarity reverse / Overload

* Built-in 500W MPP 1 solar charger, MPPT efficiency:98%(Typ.)

* Built-in remote ON-OFF centrol

* Built-in battery low relay contact

* LED indicator tor operation status and batlery capacily

* 3 years warranty

M Description
IS1-501 series inlegrales a DC/AG True Sine Wave Inverter and a MPPT charger. This serigsis a high
performance true sine wave DC/AC inverier which canverts the DC electricity from a system consisting
of batleries and solar panels. IS1-501 is nol anly & high frequency designed inverter but aiso (ully digitally
controlled by an advanced micraprocessor. With true sine wave cutput, 151-501 series can provide 500W
continuously, 550W for 60 secends, and 1000W for 30 AC-cycles. This series incorporates a MPPT solar
charger, including the constant current and constant voltage charging characteristics
A TYPEA OUTLET
B:TYPE 8 OUTLET

B Model Encoding CiTYPE G OUTLET
IS - 501-112 - [A! ACOUtpUL"! .y TypE D QUTLET
3 el 12:12VDC Heeertclest £ .rvpE £ OUTLET
Lo Bat, Voltage {24;24\/[}(‘, F:TYPE F OUTLET
4848VDC U:TYPE U OUTLET

o - AC Qutput Voltage { ;J;ggﬁg

Quiput Watlage
Series Name
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|S|'501 series

P P A
£ 8y 4 e no0nod & ] &)
Re :E e ?: o i 4 ! F"HG i 2
ceplacls type o I L Fosilind | ) !
R - i
TYPEA TYPEB TYPE-C TYEED TYPEE TYPE-F TYPE-U
Standard Slandard Oplional Ootongt Optrwnal Oplional Cpbongl
Counlry i EURGPE RSTRALLA UK JAPAN GF Ol UNIVERSAL
Fe ce ce Ce Fe Nen
SPECIFICATION
MODEL 181-5011127 151-501-1241 ¢ EiSl—SOMﬂ 156501-24207) (151801 224( 7 EISI-S(H-Z“:-J
RATED POWER Jesow 500w W [eaow
HAXIMUM QUTPUT POWER (Typ 3 & fH B0/ sutge pownt W I K oynles (112 P tnidels AW T 60 ser Jsurge powee S0V fe 30 dyvcled)
Feciorg seting sel al 110VAC factoryeeiling vet al s
et 100710/ 115 declable by caling tultn & W 201220 /2% 240VAC solectable by oeling button S W
oUTPUT Fack It Fantory sefling <alal 70 A
FRERINCY 00T EOR0HD. getecy i Lotlien < % 0t COAGHG alectabin by 3ol Dution G W
WAVEFORM Trat ane yavs (e 529 ovcaed b alage
AC REGULATION {Typ.) Note.1
R Lo FRONT PANEL INDICATOR.  |F aud! and oferation stalus Charger slalus Baltetysanecity
BAT. VOLIAGE Y 2y v 12y {4
e VOLTAGE RANGE ot 281105 -~ VDX P4 30V A2 =60VD0 108186,
INeT DC CURRENT (Typ]  Mote 71004 S04 15h S04
NOLOAD CURRENT DRAW (Typ 3} 1 25~ 0634 GaA 1 25A loazs
OFF MODE CURRENT DRA Typ | - .
EFFICENCY (Typ] _ Wehzlicn s T
QVER TEMPERATURE it don o, villags ro-po
ourpyr [OUTPUT GHORT | i 1 |
FROTECTION, over LoAD (Typ) N |
CHARGER CURRENT {Typ) Tive TTTRER
BATIERY TYPE
FUSE 40A% 2047
BATTERY GECTION |\ 5nT LOWALARM __nens 2 Ey I
BAT LOW SHUTDOWN Neted 21V 4
REVERSE POLARITY Gy wigrngl kige ipon
MPPT CHARGER EFFICIENCY (Typ ) 9%
OPEN CIRCUIT VOLTAGE RANGE 25 + 50V {92 < 4ct # - 50V 4500y
:‘::L;mn WPPTRANGE | 3% g0V [F-Tv Ay 5 - 60
SOLAR INPUT CURRENT (Typ.) | ¢ 7 JE L s
SOLARINPUT POWER (Typ) /500w
WORKING TEMP. Nt} 20~ «43°C @ 1005 tnan B0'C @505 1had
WORKING HUMIDITY 208 - 508 Kinon-canderaing
E“m‘msTﬂRAGETEMP‘HMDITY ) < #0'C 427 BHE 0 - (BBRH
VIBRATION 10 -~ 500Hz. 315-30dwn. Jeysle. S0min aachslond X Y2 mees
LD Pl [ErR0E0 10V
GENERAL | o cory | WITHSTAND VOLTAGE Bol I - AC 0P 3 GRVAL
SECTION g ISOLATION RESISTANCE {081 iP° AC 0/ BatiF F (g
EMC ENC EMISSION Cummphance to F GG gart 16 clast B ke 0 ENGEOZ class B
S EMG IMRMUNITY Mot N o ENG 1000-4.2 40
MTBF 620K heamin, MILHDBR.217F £5°C)
OTHERS | DIMENSION 205" RN mm (L W)
PACKING 2 ¥y Bpes/iS THGMEECURT
1. THI s testod by roted poseor. hocar kiad al 13V,26Y 52 mput volage.
2 Effaency w lested by 350W, linear kad at 13V 26V 52V inpat witage.
NOTE A.The olerance of cach voltage value by modek 5 112212-2 205V 12422125 1V 1482482V,
4. Outpeat doratug capacity relorensed by curve 1
. lput derating cagacity referenced by curve 2.
& Al parametens not speotiod above dre messored ot rated bad, 25 '€ of ambent temperature,
200 curcent & tested by HO0W, finear load af 12V, 249,48V mput vollage.
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MEAN WELL

500W True Sine Wave DC-AC Inverter with MPPT Solar Charger I S I = 50 1 series

B Block Diagram

LOAD (%)

AMBIENT TEMPERATURE (()

B Charging Curve

Stoit ——=—!

Charge Voltage

Charge Current

CURVE 1

Stage 1

ey SETTING
i (Seleclable by sethng

BATTERY INPUT VOLTAGE (V)
CURVE2

Stage 1. Constant Current
Stage 2. Censtard Voltage
Stage 3 MPPT Charger OFF

*Congtant current condton : Dependent on solar input current and MPPT
vokage of solar panel,

'WPRT charger OFF eondtion: Charge current less than 10%rated charge
cument and solar input poer under SOW.
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500W True Sine Wave DC-AC Inverter with MPPT Solar Charger ’ s I = 5 0 1 series

- M Mechanical Specification # Function Manual
| Case No. 805 Unit.mm
Input Terminal Pin No Assigoment )
i o By Remote ONJOFF Connector
e SBT B or syuvalent
- Bren
4 deimul FuGle Remote GHUUFE Cotneelor

P
s b e A ——
T Ty

$
L oo\

Cerdadl Ratng
YL resmlive

Bat Low Alarm Connector

| ST B-XH or aquivalent
Erigt Low Alarm Gontstor
) L
-
L

hd
20
i

| )
<2

=

M Installation Manual
 Pleaserefer to. hitp +wwwimeanwell.com\searchUSI-501151.501 -E pdf
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User’s Manual of MODULE ET-MINI DS3232 (I'C RTC 3V-5V)

ET-MINI D83232

Module ET-MINI D83232 is Module Real Time Clock {RTC) that is used as Time Base in the format of clock, time, calendar,
and thermometer, It is T'C: Intertace that uses 3.3V-5V Power Supply.
Specilications
= Run by 3.3V-5V Power Supply; hus Bartery Backup for timekeeping when user has removed Power Supply from Module.
Be used as time that shows hours (24-Hour or 12-Hour), second, minute, day. date, month, year (validate up to 2009).

- Two programmable time-of-day alarms and 4 of programmable Square-Wave Output through Pin SQW

= Has Digital Temp Sensor to measure temperature: the accuracy rate is £3 “C und it always updates the temperature cvery 64
seconds,

= Lus 236Bvte Internal RAM by using Battery for Backup

= Use [2C Interface; it can receive the maximum frequency ot 100KHz in Normal Mode, and 400KHz in fast Mode.

- las D Slave Address; it is 1101000X: when X is state of Read (1) or Write(0).

w i 3

1. Interface Power Supply VOC and GND with Module,

2. Interface Signal SCI., SDA, and GNT with MCU, Tf user requires using Alanm Mode, it has 10 interface Pin SQW/INT 1o check

Signal INT when it reaches the setting time. Other pins that are not used are floating.

3. Set jumper SCL, SDA 1o the position of “ENA™ if external circuit of Module is not interfaced with R-Pull Up; on the other
hand, it external circuit of Module is interfaced with R-Pull Up, it has to set Jumper SCI., SDA to the position of “DIS”, For
Jumper INT#; if it is used in Alarm Mode and user requires using Pin SQW/INT, it has to set Jumper 1o the position of “ENA"
to interface R-Pull Up with this pin.

4. Insert Battery Backup for limekeeping when user has removed Power Supply from Module.

5. Write program to control the operation.

O O

::.E BATTER 3V
=
u|m|un|Z .
PP E
i A 4 £N
> &
3 <5 Ao <ZGe=gB
g&¢g : LN 82
282 T2 FF2CC
g | ERNN=N=N=N=N=]
> psun £ HESDBEEEN
&

,-g_l

L

0 VDD

0f s

O} spa

Of sQwAaNT
0| 32x07
Ofrs14
Ofcxp

m | ()

O mEEmsmamE| O

Figure shows structure of ET-MINI DS83232 and position of Pin Port.

ETT CO., LTD 1= WWW.LTT.CO.TH



User’s Manual of MODULE ET-MINI D§3232 (I'C RTC 3V-5V)

71

Table shows internal Address positions of DS3232 for Read/Write

ADDRESS BIT? BIT6 BITS5 BIT 4 BIT3 BIT2 | BIT1 BITO FUNCTION RANGE
MSB | LSB
00n 0 10 Seconds Secands Seconds 00-8¢
01h G 10 Minutes Vinutes Minutes 00-58
— | AMPM 1-12 + AP
2n ° 12 10 Hour Hour Hours
02 24 D Yo G ou ours 00-23
031 0 o 4 o 0 Day 1-7
4 2 ¢ 16 ¢ Das 1-31
01-12 +
05n Cantury o 0 10 Month Menth .
Century
061 10 Year Year Year 00-88
077 ATKN 10 Ssconds Seconds Alarm 1 Seconds 00-59
08n Minutes Alarm 1 Minutes 00-39
1-12 + ARAM
gn AINZ Hour Alarm 1 Hours "
e u Ala 00-23
Dav Atamm | Dav -7
oAn | AINMG | OYET 10 Date 22 ol )
Date Alarm 1 Date
05h A2 Winutes Alarm 2 Minutes
aCh AZM3 10 Hour Hour Alatm 2 Hours
Dav Alam 2 Day =7
o9h Aond 10 Date Day Alam 2 Day
Date Alarm 2 Date 1-31
OEh EOSC | B8SCW | CONV RS2 R81 INTCN | A2IE ATIE Contro —
OFn OSF | BB32kriz |CRATEL | CRATEC | EN32kHz | BSY AZF AlF ontro!/Status —
10h SIGN DATA DATA DATA DATA DATA | DATA | DATA Aging Offset —
1in SIGN DATA DATA DATA DATA D CATA | DATA 83 of Termp -
121 DATA DATA o] 0 0 jt} (] ¢ iSBof Temp -
Reserved for
13 o ¢ 0 o o 0 0 0 Not Used 1asRIVED
tgst
14h-0FFh " g % X X ¥ X X SRAM 00h-0FFn

*See more details o fRegister in each bit in each Address from datasheet of DS3232 anduser ean download thew from Internet™

+3.3V-5V

l_lnFJ-
L

G} aaxas)
vee

- imTsgw]

CE] T
xc]
Nc|
NC |
e

PNl

ENA/DIS

VBAT 3V

Picture shews Circuit ET-MINIDS3232.

ETT CO.,LTD

-
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MICROCHIP
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dsPIC30F4011/4012

High-Performance, 16-bit Digital Signal Controllers

Note:  This data sheet summarizes features of
this group of dsPIC30F devices and is not
intended fo be a complete reference
source. For more information on the CPU,
peripherals, register descriptions and
general device functionality, refer to the
“‘dsPIC30F Family Reference Manual
(DS70048). For more information on the
device instruction set and programming,
refer to the "dsPIC30F/33F Programmet's
Reference Manual” (DS70157)

High-Performance, Modified RISC CPU:

Modified Harvard architecture
C compiler optimized instruction set architecture
with flexible addressing modes
83 base instructions
24-bit wide instructions, 16-bit wide data path
48 Kbytes on-chip Flash program space
(16K instruction words)
2 Rbytes of on-chip data RAM
1 Kbyte of nonvolatile data EEPROM
Up to 30 MIPS operation
- DC to 40 MHz extemal clock input
- 4 MHz-10 MHz oscillator input with
PLL active (4x, 8x, 16x)
30 interrupt sources:
- 3 extemnal interrupt sources

- 8 user-selectable priority levels for each
interrupt source

- 4 processor trap sources
16 x 18-bit working register array

.

-

DSP Engine Features:

Dual data fetch

Accumulator write-back for DSP operations
Medulo and Bit-Reversed Addressing modes
Two, 40-bit wide accumulators with optional
saturation logic

17-bit x 17-bit single-cycle hardware
fractionalfinteger multiplier

All DSP instructions are single cycle

116-bit, single-cycle shift

Peripheral Features:

High-current sink/source 1/0 pins: 25 mA/25 mA
Timer module with programmable prescaler

- Five 16-bit timers/counters; optionally pair
16-hit timers into 32-bit timer modules

16-bit Capture input functions

16-bit Compare/PWWM cutput functions

3-wire SPI modules (supports 4 Frame modes)

12C™ module supports Multi-Master/Slave mode

and 7-bit10-bit addressing

+ 2 UART modules with FIFC BuRers

= 1 CAN module, 2 08 compliant

.

Motor Control PWM Module Features:

+ 6 PWM output channeis.
- Complementary or Independent Qutput
modes
- Edge and Center-Aligned modes
» 3 duty cycle generators
+ Dedicated time base
+ Programmable output polarity
+ Dead-time control for Complementary mode
* Manual output control
« Trigger for AJD conversions

Quadrature Encoder Interface Module
Features:

Phase A, Phase B and Index Pulse input
16-bit up/down position counter

Count direction status

Position Measurement (x2 and x4) mode
Programmable digital noise filters on inputs
Alternate 16-Bit Timer/Counter mode

Interrupt on position counter rolloverfunderflow

.

.

Analog Features:
* 10-Bit Analog-to-Digital Converter {A/D) with
4 S/H inputs.
- 1 Msps conversion rate
- 8 input channels
- Conversion available during Sleep and Idle
+ Programmable Brown-out Reset

# 2008 Microchip Technology Inc

DS70135F-page 3
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——
Special Digital Signal Controller CMOS Technology:
Features: * Low-power, high-speed Flash technology
= Enhanced Flash program memory * Wide operating voltage range (2 5V to 5 5V)
- 10,000 erase/write cycle (min ) for * Industnal and Extended temperature ranges
industnial temperature range, 100K (typical) * Low-power consumption

Data EEPROM memory
- 100,000 erase/write cycle (min.) for

industnal temperature range, 1M (typical)
Seff-reprogrammable under software control
Power-on Reset (PFOR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)
Flexible Watchdog Timer (WDT) with on-chip,
low-power RC oscillator for reliable operation
Fail-Safe Clock Monitor operation detects clock

failure and switches to on-chip, low-power
RC oscillator

.

.

.

Prograrmmmable code protection

In-Circuit Serial Programming™ (ICSP™)
+ Selectable Power Management modes

- Sleep, Idle and Alternate Clock modes

dsPIC30F Motor Contral and Power Conversion Family

Pragram Qutput | Motor = 3 |2

Device | Pins | Mem. Bytes! sé“t" E';P::‘:M 2’";‘: 'c“‘:“' Comp/std | Control 1?;:1“;0 1”“" ZIE|% |
Instructlons | 2105 [ BY z P " pwh | Pwm ps [ Enc |S|@ |2 |3

GsPICIOFA012 | 28 | 4BKAGK | 2048 | 1024 5 | 4 2 Gch | Beh | Yes | 1|1 11
dsPIC30F401] |40/44| 48KABK | 2048 | 1024 5 | 4 [ Gch | 9ch | Yes [2 1|11

R R R R RRRRRRRRRRRRrRR— =SS
I N s——— =
DS70135F-page 4 “» 2008 Micrechip Technology Inc
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Pin Diagrams

EMUD1/SOSCUT2CK/UTATXICNT/RC1S ] 16
EMUG 1/SOSCO/T1C KA 1ARX/CHORC14 [ 16
FUTA/INTO/RES O
EMUDZOC2AC2/INT2RD1 O

oc4mD3 g

v3s g

oo

E

40-Pin PDIP
Pe———] o
wwd:
EMUDVANON-£F +ACN2IRBO O 2
EMUCHANIAVEES-ACNSREBT1 O 3
AN2/SSICNARE2 O 4
AN3ZANDXICNS/RB3 [ 5
ANSIQEAMCTICNERBA O 8 &
ANSIQEBACBICNT/RES O] 7 @
ANBIOCFA/RES O 8 !
ANTIRBT 9 o
ANB/RES O 10 8
Voo O 11
Vs 12 L
oscictkidis B
OSCHCLKORE15 [ 14 _—:

[ Avou
g AV
B PWMILREC
B PWMIH/RE?

b CITXRF1

B U2RX/CHIT/RF4

A U2TX/ACN1BRFE

b PGC/EMUCAJ1 RX/SDHISDA/RF2
B PGD/EMUDA1TX/SDO1/SCURF3
B SCK1/RF6

D EMUC20CIACI/NTI/RDO

D ocaro2

0 VDD

ENERRRNERELEBRR8UBES
(]
<

44-Pin TQFP

44 [T PGD/EMUDAJ TX/SDO1/SCLURF3

42 T3 EMUC2/0C1/ICIANT IIRDO

41 3 ocarRD2

U2TCN1B/RFS
U2RXICN1T/RF4
CATXRF1
CARN/RFO

Ves

i
PWM3H/RES

PWM2L/RE2 1 11

EMUDWANOMNSFF +/CNZ/RBO
EMUCIAN A

dsPIC30F4011

F-/CN3MREB1 01D

1 NC

[ EMUD1/SCSCIT2CKAUATXV/CNT/RC1D
[ OSC2/CLKOMREIS
HI OSC1/CLKI

29T Ve

2813 Voo

2711 ANB/RBS

28T ANT/RB7

25[TI0 ANG/OCFARBS
240 ANSOEB/ICEICNT/RBS
23110 AN/QEASICTICNE/RB4

—_—
e e e e — e e e ey

7 2008 Microchip Technology Inc.
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Pin Diagrams {Continued)

44-Pin QFN
X @
gs
3
g 5z
[
o Bz
g 8 5 iz
5 ¥ § 23
s z g L 9
& E
£ 3 a.6k
3 2 sfigg
Ses Soo
2L 0a @ § =249
Zgnao o -
gf8eg e5%0d
8238, 33133
8 8 E o] g ;O e Ww
® IYI3RBEREI
PGC/EMUCMIRXSDI1/SDARF2 1 1 33 | OSC2KCLKORCS
UZTXCN1BRFE I 2 32 | oscieLki
v2RXCN17RFA | 3 3 0 vas
CITXRF1 | 4 30l vas
CIRX/RFO I & 20} Voo
vy I 8 dsPIC30F4011 28 Q Veo
vn 7 27 | Ansires
vzo i 8 26 | ANTIRBY
FWM3H/RES | ® 25 | ANS&/OCFARBE
PAM3LURE4 10 24 | ANSIQEBACBICNTIRES
PAWM2H/RE3 fi 11 23 | AN4/QEA/CTICNE/RB4
i 8 B R T
NO—Qu JXxQ =M O
wrtosaliacaa
A 1
o - Z2ZZzZ
g = geeg
z F b= 'i‘ﬁ )
T
S98
$3°2
a (&3
8=
2 F
g

—_—
T e e T ———  — e
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Pin Diagrams (Continued)

28-Pin SPDIP and SOIC

o f—

MCLR []1 28[] Avco
EMUDMANO/V:-+/CN2/REO [ 2 27 Avis
EMUCHAN1Ake-/CNB/RBT []3 o 26[0 PWMILIREO

AN2/SET/ICNARB2 Ea w  25[] PWMIH/RE1
ANSINDX/CNSRBI 5 T 24[] PWM2LRE2
AN4/OEAICTICNBRE4 6 Q  :[ PAMRES
ANS/OEB/ICBICNTRBS 7 8 2[] PWM3aLRE4
ves []8 T 21[] PWMIH/RES
oscuclki o & 20 vio
OSC2ICLKO/RCIS 10 = 19 vae
EMUD1/SOSCIT2CKUMATXICN/RE13 11 N 18[] PGC/EMUCAII RX/SDIIISDAICT RURF2
EMUC1/SOSCO/T1CKUTARXICNORC14 [ 12 17 ] PGD/EMUDAI1 TX/SDOHSCLICI TRFS
voo O1a 16 [ FLTAANTO/SCKITOCFARER
EMUDYOC2/CINT2RDT [ 14 151 EMUC2/0CHICIANT1/RD0
44-Pin QFN
o S
& ® Y
B gE
S z
g g g
O o
288 B tx
2oz bt
=] < Q Q 4
383 382
228 38 38
=5 ANeE
g 50 el TP
|S=u Sho=RER
ElRZLes2dnna
® I293TIRASBEI
PGC/EMUC/UIRA/SDI/SDA/CIRXRF2 I 1 33 | oscacLKORC1S
ne 2 32 | osciicLk

NC f 2 31 | vas

NC f 4 0l vss

N | 6 28

viz B 8 dsPIC30F4012 28

v 7 27

vz g8 26

Pywwm3H/RES I 9 25
PwM3LRES I 10 24 | ANSIOEB/ICEICNTIRES
PWM2H/RES il 11 23 | ANMIOEAICTICNG/RBA
T e
SRIEEER2ZS Y
-
H2nBi 5808
EfEeazgeree
8 =T 22312
= gLy
E 2z ;»Wg
§ 5% %
=% z =
5
3
a9
o 2
g
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SLOS094E -HOVEMBER 1070 REVISED JANUARY 2015

pAT741 General-Purpose Operational Amplifiers

1 Features
+ Short-Circuit Protection
«  Offset-Voltage Null Capability

+ Large Common-Mode and Differential Voltage

Ranges

* Mo Frequency Corpensation Required

» Mo Latch-Up

2 Applications

» DVD Recaorders and Players
= Pro Audio Mixers

4 Simplified Schematic

OFFSET N1

IN +

OFFSET N2

3 Description
The pA741 device is a general-purpose operational
amplifier featuring offset-v oltage null capability.

The high common-mode input voltage range and the
absence of latch-up rmake the amplifier ideal for
voltage-follower applications, The device is shor-
circuit  protected and the internal frequency
compensation ensures stability without extemal
components. A low value potentiometer may be
connected between the offset null inputs to null out
the offset vokage as shown in Figure 11,

The pA741C device is characterized for operation
from 0°C to 70°C. The pA741M device (obsolete) is
characterized for operation over the full military
temperature range of -55°C to 1256°C.

Device Information'"

PART NUMBER PACKAGE(PIN) | EODY SIZE [NOM)
SOIC (&) 420 mmx 3.81mm

PATA I PDIP (8) 981 mmx635mm
S0 (8) 620 mmx* 530mm

(1) Forall available packages, seethe orderable addendum at
the end of the datasheet

i An IMPORTANT NOTICE atthe end of this data sheet addresses availability, warranty, changes, use in safety- critical applic ations,
oI\ intellectual property matters and other important disclaimers. PRODUC TION DATA.

i
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Table of Contents
1 Features...... ol 82 FunctionalBlock Diagram
2 Applications .. 1 83 Feature Deseription.........
3 Description ... 1 8.4 Device Functional Modes..
4 Simplified Schamaﬂc e 85 pA741Y Chip Information.
5 Revision History .. i 2 9  Application and Implementation
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7 Specifications.... 4 9.2 Typical Application ...
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8 Detailed Description 9 123 Glwssary.... . TR,
84 Overview ... .0 13 Mechanical Pal:lmgmg, and Orda-ah[e
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5 Revision History
Changes from Revision D (February 2014) to Revision E Page

= Added Applcations, Device Informationtable, Pin Functianstable, ESD Ratingstable, Themnal informationtable
Feature Description saction, Device Funclional Mades, Application and Impk mentaton section, Power Supply
Recommendationssection, Li'youtsecnnn Device and Documentation Supparf sedtion, and Mechanical
Packaging, and Onierable inforation sedion. . Y, T Py |

= Moved Typlcal Charactensticsinto Specr(:c.'rmnssedlon

Changes from Revision C (January 2014) to Revision D Page
= Fixed Typial Charactenstics graphs to remove extra lines. .. ot
Changes from Revision B (September 2000} to R evision C Page
* Updated document to new Tl data sheet form at -no specification ChaNGeS. . ... e oo ee e oo
* Daleted Ordeting Informationtalls, ... 8.0 L A BB ANA ol e b b oo e bt B b
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6 Pin Configurations and Functions

HAT41M ... JPACKAGE HAT41M .. . JG PACKAGE
[TOP VIEW) HATAIC, pAT41] ... D, P, OR PW PAC KAGE
(TOPYIEW)
NC )
NC OFFSET N1 [§ 1 gfjNC
OFFSET M1 IN- {} 2 7l Ve
IN- IN+ [ 3 spjouTt
IN+ vee- | a 5[] OFFSET N2
Vee-
NC
HAT4IM .. U PACKAGE HAT41M .. FK PACKAGE
[TOP VIEW) [TOP VIEW)
-
ne f1 ™ 1o ne =
OFFSET N1 |2 o} NC -
IN- |2 8] Vec+ u'gouu
IN+ a4 7] OUT =z £ Z Z
vee- §s 8} OFFSET N2 3 2 1 2019
NC L4 12 NC
IN- 5 7Yoo+
NC U6 16 L NC
N+ []7 s[jour
ne s 1aljne
g 10111213 i
Lo ¥ oo | |
RO N
% gz z Z
=
T
1
(=]
NC - No internal connection
Pin Functions
PIN
NAME YR
J JG, EWP, or U £k E DESCRIPTION
IN+ 5 3 7 | Noninverting input
IN- 4 2 3 5 | Inverfing input
1.2.8
aghd=d] 1.34.689,11,13,1
NC 1213, 2 1840 <=3 - N D
ik 416,18,19.20 o not connect
OFFSET
N1 3 1 2 2 | Bdernal input offset voltage adjustment |
OFFSET
N2 2 5 6 12 | External input offset voltage adjustment
ouT 10 -] 7 15 a Output
+ " 7 8 17 —_ Positive supply
V- [} 4 ] 10 —_ Negative supply
Cepyright @ 1970-2015, Texas hstruments ncorporated Subar# Docun entation Feedback 3
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7 Specifications

7.1 Absolute Maximum Ratings
over virtual junction temperature range (unless otherwise noted)®

7410 7a1M
ui bA UNT
MIN MAK MIN MAK
v Supplywotages -18 18 22 z C
Ve Differertial input vokage!?) 18 16 =30 1] 4
M Input voltage , any inputi#4% -15 15 -15 15 v
“oltage betw een ofet null (ether OFFSET N1 or OFFSET N2)and Vi -15 15 -0.5 05 W
Duration of output short circuit!® Lhlmited
Continuous total pow er dissipation See Table |
Is Operating fee-ar temperature range 0 70 -55 1251 °C
Case tamperature for 60 seconds FKpackage A HiA 0 °C
Lead tamperawre 1.6 mm (116 inch) from case or | | o o U paciage WA WA 20
B0 seconds St 8
Lead temperature 1.6 mm (116 inch) from case for
(it v 0. P,or PSpackage %0 NA NAl T
Tk Storage temperature range -5 150 -65 150 -

(1) Stresses beyond those listed under Absolste Maxinrum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device atthese or any other conditiors beyond those indicated under Recow wended Ciperating
Comditions i netimplied. Exposure to absolute- maximum- rated conditions for extended periods may affect device reliability.

(2) Allvoltage values, unless otherwke noted, are with respect to the midpoint betwe en VCo+ and Voc-

(3 Differential votages are at IN+ with respect to IN -

(4) The magnitude of the input volkage must never exceed the magnitude of the supplyvoltage or 15V, whichever is less.

(5) The output may be shorted to ground or either powwer supply. For the pAT41M only, the unlimited duration of the short circuit applies at
(or below) 125°C case temperature or 75°C free-air temperature,

72 Recommended Operating Conditions

MIN MAX | UNIT
MR Supply woltage " ; v
. el 215
. , WATHC 0 o) .
Ta Operating free air temperature pATAM .55 125 C

Table 1. Diss ipation Ratings Table

I e A - R R N
RATING A POWER RATING  POWER RATING
RATING
D 500 mi 5.8 mW/eC ga°C 464 mw 377 mw NiA
FK 500 mu 11.0 mi/eC 105°C 500 my 800 mu 275 m
J 500 mw 11.0 mw/eC 105°C 500 mw 800 mivy 275 mw
Je 500 mwv 8.4 mil~C a0°C 500 mwW 800 mvw 210 m
B 500 mw HiA NIA 500 mwy 800 mw/ NiA
PS 525 mW 4.2 mw/C 26°C 330 mW NiA NiA
U 500 myl 5.4 m/~C 57°C 432 mWv 351 mvy 135 mn
4 Submw # Docum etation Feedhack Copyright @ 19702015, Texas hstruments heorporated
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7.3 Electrical Characteristics pA741C, yAT41M

at specified vitual junction tem persture, Vece= +15 V (unless otherwise noted)
o | PATATM |
PARAMETER TEST CONDITIONS 4
L WiN_ TvF uﬂ MIN_TYP aa]
pig T T "
a hput offset olage w0 FiTEge TS FaL ] ™
BV : =0 BT EiL] . L1
2 Offsat \eltage adjust range A
R - y i AL —sutri
2 Fiput offset cument Vot [FiTrange gl ] ™
i BOA00 L1
N hput biss curment w0 TG ww] ™
g E LV 1 E 4V
Ven Commen-mede input whage range Ful e w2 o v
g = 10 K2 »oC 2 114 2 14
RLz 10k Ful range 2 FH
N NWaxmum pead output veltage swing o = 2K Fo o0 Ho o 13 A
R 22O Fulmnge | 210 0
: - 5 e} PEx p NI {11
Large-signal differential wiage R ? Y]
Ao amplification Vﬂ =10 Fullrange = 75
I Input resisance 2 03 ) 03 3 j¥e)
e AR ST STNGE 1, 20 S2tm Pl 7 . 2
L hou caoxcitance 25 14 14 of
25°C 70 90 '] Q0
: . A =
CMRR Common-mode rejection ratio Ve Vemnn s 0 ) dB
Z 3150 3R
ks Supply oltage sensitivity (AVa/\ee) | Vi = 29 VIO 1S W Falrge TEG i
1 BE
jon  Short-cirouit cutout curent T 425 340 *F qg mA
ﬁ'c 7 2.8 3
ke Supply cument e 0. Noload Fulfage T7 k] Ay
i g T0TW
Fo Tatal power dissipation va " 0 Hoload Ful range fﬁﬁ'll i

(1) Al characteristios are measured under open-loop conditiors with zere common-mode input voltage unless otherwise specified. F ull
range for the pA741C 0°C to 70°C and the pAT41M 5-55°C to 125°C.
(2) This typicalvalue applies only at frequencies above a few hundred hertz because of the effects of drift and thermalfeedback.

Cepyright @ 1970-2015, Texas hatruments heorporaed Subm # Docuw entadtion Feedback 5
Product Folder Lirks: w4747



82

uA7d1
$LOS04E-NO R 1970; A 1 o semveticom

74 Electrical Characteristics HAT41Y
at specified vitual junction tem perature, Yeoa=+15 YV, Ta = 25°C (unless otherwise noted)®

PARAMETER TEST CONDITIONS st Unm
MiN TYP MAX
e hput oftet wtage \u [i] 1 4 my'
Vo Offset whage adjust range o™ 0 E3E] %
g hput offset curent =D [ Y
e hput bias curent Wy =0 @ @wof A
i‘.‘.‘r Cemmon-mode input valtage range 2 +13 v
e R, = 10K 12 +14
am Maximum peak output voltag e swing o = 2kO 0 i W
5‘.2 Large-signal differential volage amplifcation R 22 @ 20 my
A hput resistance 0.3 2 MO
" Output resistance = 0. See;,, = a
C hput capaciance 1.4 pF
CMRR Commen-mede reection ratio Ve~ Vezmn i [ dB
ko Supply whage senstivity( AV, e = V0 215 Y R s
I“ Shert-circuit output cument 25 +40 mA
ks Supply curent vy = 0, Noload 7 TETmA
PE Totd pow er dissipation sy = 0, Noload “ 85| miv

(1) This typical value applies only atfrequencies above afew hundred heriz because of the effects of drift and thermal feedbadk.

75 Switching Characteristics HAT41C, HAT41M
over operating free-air temperature range, Voce = 215 V, Ta=25°C (unless otherwise noted)

741C 74 1M
PARAMET ER TEST CONDITIONS ol RATAIM UNIT
MIN TYP MAX MIN TYP MAX
te Rise time El'm mf, Ré=2 ko, 0.3 03 ps
Overshootfactor i 0T Slee Figuie 1 5% 5% —
SR Slew rate at unity gai ¥ V¢TI 05 05 Vi
e 1ate at unity gain L= 100 pF, See Figung/ 1 M . fus

76 Switching Characteristics pA741Y
aver operating freeair tem perature range, Vieee = %15 V, T o = 25°C (unless otherwise noted)

PATA1Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
i Rise time = 0mY, R =2k0, Uz =
Overshoot factor CL= 100 pF, See N 5%  §
=10V, R =2kQ ot
R lew 1 ate at unity gain 1 ‘o ' 05
s Slew rate at unity ga Eszo pF. See Figure 1 Wils
=] Subw # Documemation Feedback Cepyight @ 1970-2015, Texas hstruments heorporated
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7.7 Typical Characteristics

Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various
devices.

; 9 o
IN —— =,
H+
e OV

INFUT VOLTAGE
WAYEFDOR M

CL=100pF 5= BL=2k0

TEST CIRCUIT

Figure 1. Rise Time, Overshoot, and Slew Rate
100 ot e 8 40 L 2 1
" d . 380 [~
T k-1
¥ \ 1)
g |
° w \ 3 250
5 P % 2 \
E # § 150 N
o N - b
2 \\ 2 0
0
\\ e
10 34 —
° ]
-60 -40 -20 0 20 4 60 [0 100 120 140 -60-40-20 0 20 40 &0 30 100120 140
T4 - Froa-r Tompa ratune .© Th - Frue-Ar nmporlh.n-'c
Figure 2. Input Offsat Current vs Free Air Temperaiure Figure 3. Input Bias Current v Free-Air Temperature
W1, Aty ii T o
L EA N
Foan v $oae
’
] 11 /,r : 14
} 410 ; 12
9 Vi §
] &0 i
£ &
E ] E ] H
& " bt
E / B
v ] Pk H
FLiA 3.
AR . LU LTI
01 02 04 07 1 2 O] 100 T 10K 100 [}
RL -Lead Reaintings -4 0 QU 2
Figure 4. Maximum Output Voltage vs Load Resistance Figure 5. Maxi mum Peak Output Voltage v Frequency
Copyright @ 1970-2015, Texas hatruments heorporated Subm it Docun entation Feedback 7
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Typical Characteristics (continued)

Data at high and lowtem peratures are applicable only within the rated operating free-airtemperature ranges ofthe varous
devices.

hatll W b -
=2 h0 100
® =T ® 80
2 200 pIh e 3
i E F // fa a0
%> £ 7
Eg_ﬁ L = “§ 50 11l
ni =i 8o m IEII IIIEI
82 v WH
< 4 4 de
] |
ii ‘7 i} I | B
3 1 llill T
¥ ¢ Bil . Bl
0
10 -0 .
002 4 6§ 3 o1 12 MoK B oW 1 10 mh 1M 0N
weca SUPPIY Voltige - 1-Fraquiney-Hz
Figue B. Open-Loop Signal Differential Figure 7. Open-Loop Large-Signal Differential
Yoltage Amplification Yoltage Amplification
vs vE
Supply Yoltage Frequency
100 LLLLLL SR || 28
E 50 N HH"“ 24
\
2 ¥ N | 20 P
i on % /
1w -
£
50 \ g 12
a0 N /
50 -1 g‘o : l
¥ T
5 10 G M-t l
0 - .
N 100 10K m 0 0.5 1 15 2 2.5
1-Frequency-He t-Time-pa
Figurg 8. Common-Mode Rejection Ratio vs Frequency Figure 8. Output Voltage v Elapsed Time
g i
&
2) 4% Vi
¥ {
§ 2
g
3 - vi
-
i \
b
-8
-8
0 10 20 50 40 S0 &0 70 30 M
t-Time-me
Figure 10. Voltage-Follower Large-Signa Pulse Response
8 Swim # Docunreatation Feedback Cepyight @ 1970-2015, Texas hstruments hoorporated
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8 Detailed Description

8.1 Overview
The pA741 device is a general-purpose operational amplifier featuring offset-v otage null capabilty.

The high common-mode input voltage range and the absence of latch-up make the amplifier ideal for
voltagefollower applications. The device is short-circuit protected and the internal frequency compensation
ensures stability without external components. A low value potentiometer may be connected between the
offset null inputsta null out the offset voltage as shown in Figure 11,

The pA741C device is characterized for operation fram  0°C to 70°C. The pA741M device (obsolete) is
characterized for operation aver the full military termperature range of -55°C to 125°C.

8.2 Functional Block Diagram

<
$
4
\\1»—.
-,
DFESET Nty - sniiRintmeteee '
OFFSET N2
E
L g ® - 2 vCC-
Component Count
Transistors 22
Resistors 11
Diode 1
Capadtor |
Cepyright @ 1970-2014, Texas hatruments hoorporaed Suhm & Docuw evriation Feedback =]
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83 Feature Description

8.3.1 Offset-Voltage Null Capability

The input offset voltage of operational amplifiers  (op amps) arises from unavoidable mismatches in the
differential input stage of the op-amp circuit caused by mismatched transistor pairs, collector currents, current-
gain betas (B), collector or emitter resistors, etc. The input offset pins allow the designer to adjust for these
mismatches by external circuitry. See the Application and Implermentation section for mare details on design
technigques.

83.2 SlewRate

The slew rate is the rate at which an operational amplifier can change its output when there is a change on the
input. The pA741 has a 0.5-Vius slew rate. Parameters that vary significantly with operating voltages or
temperature are shown inthe Typical Characte ristics graphs.

84 DeviceFunctional Modes

The yA741 is powered on when the supply is connected. It can be operated as a single supply operational
amplifier or dual supply amplifier depending on the application,

8.5 HAT41Y Chip Information

This chip, when praperly assembled, displays characteristics sirilar to the pA741 C. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy ot a gold-silicon preform.

BONDING PAD ASSIGNMENTS

OFFSET N1
OFFSETN2 [ | wvee-

s Falat

e S|

- 45
— CHIP THICKNESS: 15 TYPICAL
9 BONDING PADS: 4% 4 MINIMUM
T T Jmax = 180"
& TOLERANCES ARE £1084.
o W ALL DIMENSIONS ARE IN MILS.
~ = -
E 1 § 1 I L] ! 1 t ] l 1] I i I ¥ l 1 E ] i ¥ ‘ 4 | 1 i ] i i } ¥ ‘ 1 i 1 !
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9 Application and Implem entation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. Tl's customers are
responsible for determining sultability of components for their purposes. Customers should
validate and test their design irmplementation to confirm system functionality.

9.1 Application Information

The input offset voltage of aperational amplifiers  (op amps) arises from unavoidable mismatches inthe
differential input stage of the op-amp circuit caused by mismatched transistor pairs, collector currents, current-
gain betas (B), collector or emitter resistors, etc. The input offset pins allow the designer to adjust for these
mismatches by external circuitry. These input mismatches can be adjusted by putting resistors or a potentiometer
between the inputs as shown in Figure 13. A potentiometer can be used to fine tune the circuit during testing or
for applications which require precision offset control. Mare information about designing using the Input-offset
pins, see the application note Nufling input Offset Voitage of Operational Amplifiers, SLOA45.

IN+ I+

ouT
IN- OFFSET N2
OFFSET N1

f

To VWCC-

Figure 11. Input Offset Voltage Null Circuit

92 Typical Application

The voltage follower configuration of the operational amplifier is used for applications where a weak signal is
used to drve a relatively high current load. This circuit is also called a buffer amplifier or unity gain amplifier. The
inputs of an operational amplifier have a very high resistance which puts a negligible current load on the voltage
source. The output resistance of the operational amplifier is almost negligible, so it can provide as much current as
necessary to the output load.

10k

A AV, pr—

12V

i
SOE"

Vi (Lf\,) <
&

#

Figure 12. Voltage Follower Schematic

92.1 Design Requirements
» Output range of 2Vt 115V
* Input range of 2 Vto 11,56V

Copyright @ 1970-2015, Texas hstruments hoorporated Subm it Docum ertation Feadhaok 11
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Typical Application (continued)
= Resistive feedback to negative input

9.22 Detailed Design Procedure

9.2.2.7 Output Voltage Swing

The output voltage of an operational amplifier is limited by its interal circuitry to some level below the supply
rails. For this amplifier, the output voltage swing is within +12 V, which accommodates the input and output
voltage requirements.

9.2.22 Supplandinput Voltage

Far correct operation of the amplifier, neither input must be higher than the recommended positive supply rail
voltage or lower than the recommended negative supply rail voltage. The chosen amplifier must be able to
operate at the supply voltage that accommodates the inputs. Because the input for this application goes up to
11.5 V, the supply voltage must be 12 . Using a negative voltage on the lower rail rather than ground allows the
amplifier to maintain linearity for inputs below 2 V.

92.3 Application Curves for Output Characteristics

12 oois
oo
L oms
8 o0mo
& E oms |
5 6 = om0
5
]
g = pois
¢ ooio
2 nms
omo
o 0005 .
o 2 L3 6 8 10 12 o 2 L} 6 B 10 12
VIN &) VIN &)
Figure 13. Output Voltage vs Input Voltage Figure 14. Current Dravwn Input of Voltage Follower [ o)
vs Input Voltage
0as
1KY} =
03s
n3o
Fozs
g ozo
0.1s
o010
oos
ooo
o 2 i 6 B 10 12
VIN 4
Figure 15, Current Drawn from Supply (loc)
v Input Voliage
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10 Power Supply Recomm endations

The pA741 is specified for operation from £5 to £15 V; many specifications apply fram 0°C to 70°C. The Typica/
Charactenstics section presents parameters that can exhibit significart variance with regard to operating voltage or
ternperature.

CAUTION

Supply voltages larger than £18 V can permanently damage the device (see the
Absoltte Maxirum Ratings).

Place 0.1-pF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high
impedance power supplies. For more detailed information on bypass capacitor placement, refer to the Layouwt
Guidelines.

11 Layout

11.1  Layout Guidelines

For best operational performance of the device, use good PCB layout practices, including:

« Noise can propagate into analog circuitry through the power pins of the circuit as a whole and the operational
amplifier. Bypass capacitors are used to reduce the coupled noise by providing low impedance power
sources local fo the analog circuitry,

- Connect low-ESR, 0 1-pF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from Y+ 10 ground is applicable for single
supply applications.

+ Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective
rmethods of noise suppression. One or mare layers on multilayer PCBs are usually devoted to ground planes.

A ground plane helps distribute heat and reduces EMI noice pickup. Make sure to physically separate digital

and analog grounds, paying attention to the flow of the ground current. For more detailed information, refer to

Circuit Board Layout Techniques, SLOANBI,

* Toreduce parasitic coupling, run the input fraces asfar away from the supply or output traces as possible. If
it isnot possible to keep them separate, it is much better to cross the sensitive trace perpendicular as
opposed to in parallel with the noisy trace.

» Place the external companents as close to the device as possible. Keeping RF and RG close to the inverting
input minimizes parasitic capacitance, as shown in Layouwt Exarmple.

+ Keep the length of input traces as short as possible. Always remember that the input traces are the most
sensitive part of the circuit.

* Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce
leakage currents from nearby traces that are at different potentials.

11.2 Layout Example

RIN
MIN = AAA e 3

Ll

uT

Figure 16. Operational Amplifier Schematic for Noninverting Configuration

Copyright @ 1070-20 16, Texas hstruments heorporated Subm # Docunt evrtation Feedhack 13
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Layout Example (continued)

deulee 3nd D each o

a possbk
=

Ruk tie hpyttace s 2 @r
away fom e supply et
RG

redice parasitt ermors ‘}

Alace comporer ks chee o
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~ RF

Use lw-ESR, ceram b
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O by heeded Tor
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GND VS- o
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Figure 17. Operational Amplifier Board Layout for Noninverting Configuration
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LF151
LF251 - LF351

WIDE BANDWIDTH
SINGLE J-FET OPERATIONAL AMPLIFIER

B INTERNALLY ADJUSTABLE INPUT OFFSET
VOLTAGE

B LOW POWER CONSUMPTION

W WIDE COMMON-MODE (UP TO Vee') AND
DIFFERENTIAL VOLTAGE RANGE

B LOW INPUT BIAS AND OFFSET CURRENT

B OUTPUT SHORT-CIRCUIT PROTECTION

B HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

B INTERNAL FREQUENCY COMPENSATION
W LATCHUP FREE OPERATION
W HIGH SLEW RATE = 16V/us (typ)

DESCRIPTION

These circuits are high speed J-FET input single-
operational amplifiers incorporating well matched,
high voltage J-FET and bipolar transistors in a
morolithic integrated circuit

The devices feature high slew rates, fow input bias
and offset currents, and low offset voltage temper-
ature coefficient

PIN CONNECTIONS (top view)

DIPB
(Plastic Package)

-

D
S08

(Plastic Micropackage)

ORDER CODE
Package
Part Number | Temperature Range
N 2]
LF351 0°C. +70°C . .
LF251 -40°C, +105°C » .
LF161 -55°C, +125°C . .

N = Dual in Line Package (0IP)
D = Small Outline Package (SO) - aiso available in Tape & Res! (DT}

[

2:—>-|f

e [T o Bl g

1- Offset nuil 1

2 = Invering input

3« Nonwinverting input
4~ Voo

5 Offset null 2

6 - Output

7= Vcc"

8-N

C

March 2001
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LF151 - LF281 -LF361

SCHEMATIC DIAGRAM

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter LF151 LF251 LFa51 Unit
Vee | Supply voltage - note ! 118 v
Vi Input Valtage - note 2! 15 v
Via  |Differential Input Voltage - note > 30 v
Pt | Power Dissipation 680 mw
Qutput Short-circuit Duration - note Infinite
Toper | Operating Free-air Temperature Range -85 10 +125 l -40 ta +108 f 010 +70 “C
Tatg Storage Temperature Range -64 to +150 *C
1 %v;uﬁmavum&’?;mfmﬂgl.:ﬁh\ n are with respect to the zero reference Invel (ground) of the supply voltages where the zeco reference
2. The magnitude of the input voltage must never exceed the magnitude of the supply valtage or 15 volts, whichever is less
3. Differential voltages are the non-inverting input terminal with respect fo the inverting input terminal
4

The ;uhpm may be shorted to ground or to either supply. Temperature andior supply voltages must be hmited to ensure that the dissipation rating
is not exceeded

29 &7




LF151 - LF251 - LF351

ELECTRICAL CHARACTERISTICS
Vee = 215V, Ty = +25°C (unless otherwise specified)

Symbaol Parameter Min. Typ. Max, Unit
Tnput Offsel Voltage (R, = 10Ki3) my
Vi Tamp = +25°C 3 10
Troin S Tamb % Trax 13
DVie [input Offset Voltage Drift 10 Ve
Input Offset Current- note 1
ho Tamp = +25°C 5 100 pA
Troin % Tam < Trax 4 nA
Input Bias Current -note 1 nA
iy Tamp = #26°C 20 200
Trnin 8 Tamh £ Tm:x 20
Large Signal Voltage Galn (R = 2kQ, V,, = 110V} Vimy
Aug Tamp = +25°C 50 200
Trin € Tamb < Trnax 25
Slpply Voltage Rejection Rabo (Rg - 10KLY) prs
SVR Tamp = +25'C 80 86
Trvin % Tamt < Trax 80
Supply Current, no ioad
lec Tamp = +25°C 14 [\ | ™
Troin * Tarb & Tmax 34
Vv, Input Common Mode Voltage Ran pad +15 ¥
iem ge Range A2
Common Mode Rejection Ratio (Rg = 10k} dB
CMR Tamp = +25°C 70 86
Tonin < Tamts S Trnax 70
Output Shortcircut Current mA
log Tamp = +25°C 10 40 80
Tratn 5 Tamb S Trnax 10 &0
Qutput Voltage Swing v
Tams = +26°C Ry = 2KQ 10 12
1Vapp Ry = 10k 12 135
Tonin < Tamb & Trmax Ry = 2k 10
Ry = 10K 12
SR Siew Rate V 7 Vius
V= 10V, Ry = 2K, C = 100pF, Tamp = +25°C, unity gain 12 16
1, Rise Time ps
V= 20mV, R = 2k}, C| = 100pF, Ty, = +25°C, unity gain 01
K Overshoot ) ) %
2 V= 20mV, Ry = 2kQ, C = 100pF. Tamp = +25°C, unity gain 10
cBp Gain Bandwidth Product ) MHz
f = 100KH2, Tymp = +25°C Vi = 10mV, Ry = 2kQ, G, = 100pF | 25 4
Ry |input Resstance 1012 Q
THD Total Harmonic Distortion ( f= 1kHz, A, = 20dB
R( = 2K, Cp = 100pF, Ty = +25°C V, = 2V ) 0.01
8 Equivalent Input Noise Voltage nv
n Rg = 1000, f= 1KHz 15 JAz
“m  |Phase Margin 45 Degrees

1 The input bins currents are junction leakage currents which appraximatety double for every 10°C increase in the junction tempersture

MAXIMUM PEAK-TO-PEAK OUTPUT

a7 9




LF151 - LF251 -LF351

VOLTAGE versus FREQUENCY

VOLTAGE versus FREQUENCY

|.um;mns;
1||lﬂ§§;l|‘|!ll:lll§ﬁ:

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE (V)

FREQUENCY (H2)

100 1K 10K 100K 1M 10M
FAEQUENCY (Hz)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE (v}

MAXIMUM PEAK-TO-PEAK QUTPUT
VOLTAGE versus FREQUENCY

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus FREE AIR TEMP.

| =4 a0 Forrrery 2

g Tas = 425°C Vog = = 15V

g 25 =l.-=._?.... R e2@

5 it |

gg 1 \}\ Ji] “ !

e Tar, = -55*

Eg 10 % \ \ amb 85°C \

= § H il

g 3 Turt =+125°C i """l--.*.'

g 10k 40k 100k ADDK 1M AM  10M
FREQUENGY {Hz)

E 2
a
'g e T e e
% =

éi ks Ry {00
QE AL =260
gg 10

> 5 bV = 218V

= | ! i

=¥ 0 ! !

g 95 B B8 0 85 50 75 60 125
3 TEMPERATURE (C}

MAXIMUM PEAK-TO-PEAK QUTPUT
VOLTAGE versus LOAD RESISTANCE

V— PRy,
25 Tantm +25°C

5 LA

o i i
0102 04 Q71 2 4 7 10
LOAD RESISTANCE (k1)

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE (v}
=
~d

MAXIMUM PEAK-TO-PEAK OUTPUT
VOLTAGE versus SUPLY VOLTAGE

B) Ny
25 R = 10 k2
o Tont = #25°C 7
ic = 7
% pd
éiél 15 -
xi 10
52
= 5
g
§ a 2 4 8 8 10 12 14 18
SUPPLY YOLTAGE (V)

MAXIMUM PEAK-TO-PEAK OUTPUT
4/9

INPUT BIAS CURRENT versus FREE AIR
&7
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LF161 - LF251 - LF361

TEMPERATURE

AMPLIFICATION versus FREE AIR TEMP,

INPUT BIAS CURRENT (nA}

. LA
-50 25

0 25 50 75 100 125
TEMPERATURE ("C)

1000
w 400 -
=
§§ 0 -
=
gg
i3 . ]
a "7 50 25 o 25 50 75 100 125

TEMPERATURE {*C}

LARGE SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT versus
FREQUENCY

TOTAL POWER DISSIPATION versus FREE AIR
TEMPERATURE

DIFFERENTIAL VOLTAGE
AMPLFICATION (V/V)

225 . Voo  +-15V
200 - No signal
,m_mm
150
100
75
50
25

i e

0
75 -5C 26 0 25 50 75 100 125
TEMPERATURE {°C)

TOTAL POWER DISSIPATION {mV)

SUPPLY CURRENT PER AMPLIFIER versus
FREE AIR TEMPERATURE

SUPPLY CURRENT PER AMPLIFIER versus
SUPPLY VOLTAGE

BUPPLY CURRENT (mA)

20

1.8 Vop= * 15V
18 k. N?.umu
14 I No load

1.2 —

TR - g P
0.8

0.8 ;

04 -

48 L) wwi AR

o
<75 50 25 0

25 50 75 100 126

TEMPERATURE {*C)

20
1.8 | Tymy= +25°C
12 e
12
1.0
06
04
0.2 :
0 2 4 & 8 10 12 14 18

SUPPLY VOLTAGE (V)

SUPPLY CURRENT {mA)

LARGE SIGNAL DIFFERENTIAL VOLTAGE

&7

COMMON MODE REJECTION RATIO versus
59
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LF151 - LF251 -LF351

FREE AIR TEMPERATURE VOLTAGE FOLLOWER LARGE SIGNAL PULSE
RESPONSE
E 8 T
L Mu=104 §
. By 15 % el
e 8 - 4 a‘,r OUTPUT\ =L
8§- 88 g 2 / \
i 5 o
§é o EE / Vees HISV
= 84 § 2 A =2k \
§ 4 Gy 100pF
3 B R T T T g a-/ Toom e |
8 TEMPERATURE 'C) z 0 05 1 15 2 25 3 as

TIME (19

QUTPUT VOLTAGE versus ELAPSED TIME
EQUIVALENT INPUT NOISE VOLTAGE versus

FREQUENCY

28

24
s vEmgIOOT 70
E/ 5T n’
o 16 é
- 12 / g 50
g ol ,, 2.

IV, =t 16V =
o 0%, 4 A 2k2 £ 20
5 0 fuusdctts T +25°C—]
3 P, i W £2 a2
0 04 02 03 04 05 06 07 § A Hl 1 i
TIME (1a) 10 40 100 400 1k 4k 10k 40k 100K
FHEQUENCY (Hz)

TOTAL HARMONIC DISTORTION versus FREQUENCY
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LF151 - LF251 - LF361

PARAMETER MEASUREMENT INFORMATION
Figure 1 : Voltage Follower

Figure 2 : Gain-0f-10 inverting amplifier

Sl ' 0

= 1oopF? Up,_ =2k

-

TYPICAL APPLICATION

{0 SHz) SQUARE WAVE OSCILLATOR

R = 100k @
Y
F351 g0
~4 1kQ
1Y
it
a0 J
) 9.1k £2
——ta 77
o 2xReCr
HIGH QNOTCH FILTER
' |
S (§
NS
\‘\
| LFaB1 g
o
[-BL. 1
Cﬁb 1 ____rT 5= 5 fo= 2xRC; = 1kHz
?
) | c1=c2-2. 100pF
DHG | @ P
“, u‘ A1 = R2 = 2R3 = 1.8MQ
(55 c2

(L]
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LF161 - LF261 -LF361

PACKAGE MECHANICAL DATA
B PINS - PLASTIC DIP

|
L]
Tll ..| bl
| B |B1
L Sl E
Z
7 [¢]
D
ELINIY Bl
] ]
'S
1 4
58 T 1 e
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 332 0131
at 051 0.020
B 118 1.66 0.045 0.065
b 0.356 0.55 0014 0.022
b1 0204 0.304 0008 0.012
2] 10.92 0430
& 7.98 975 0313 0 384
e 2.54 0.100
e3 762 0 300
ed 7.62 0300
F 6.6 0280
1 5.08 0.200
b 3.18 3.81 0125 0.150
Z 1.52 0.060

a9
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LF161 - LF251 - LF361

PACKAGE MECHANICAL DATA
B PINS - PLASTIC MICROPACKAGE (SC)

L
& Kﬁ K}
\ ] 1
\ ”I < A —)
%_,ﬂ\ .
UL el ; s |=
el E
B
,D__[LLLB:—!
PR
] 5
e
1 4
=t B\
Millimeters Inches
Dim.
Min. Typ. Max, Min. Typ. Max.

A 1.75 0.069
a1l 01 0.25 0 004 0.010
a2 1.68 0.065
a3 065 0.85 0.028 0.033
b 035 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
c 0.25 0.5 0010 0 020
ct 45° (typ )
D 48 5.0 0.189 0187
E 5.8 6.2 0228 0244
e 1.27 0 050
e3 3.81 0.150
F 38 40 0.150 0.157
L 04 .27 0016 0.050
M 0.6 0.024
8 & (max )

Information fumished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent of patent right s of $TMicroelectronics, Specifications
mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information
previously supplied. STMicroelectronics products are not autherized for use as critical components in life support devices or
systems without sxpress written approval of STMicroelectronics,

= The ST logo is a registered trademark of STMicroelectronics

< 2001 STWicroelectronics « Printed in Italy - All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China ~ Finland - France - Germany - Hong Kong - India - Italy - Japan - Malaysia - Malta - Morocco
Singapore - Spain - Sweden - Switzerdand - United Kingdom
< http:/www .st.com
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor {C
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

Features and Benefits

* Low-noise analog sigoal puth

* Deviee bandwidth [s set via the new FILTER pin

* 5 ps oulpul rise Lme in response W step inpol current

+ 80 kHz bandwidth

= lolal owputerror 1A% al 1, = 25°C"

= Small tootprint, low-profile SOICE package

=12 midinternal conductor resistance

* 21 RVRME minimum isolution voltage lrom pins 1-4 Lo pins 5-8
+ 3.0V, single supply eperation

< 6610 185 mV/A ouput sensitivily

* Cutput voltage proportional to AC or DC currents
= bactory-irimmed for accuracy

= Pxtremely stable output offset vohage

= Nearly zero magnetic hysteresis

* Ratiomewrce oupun from supply voliage

TOV Amenca
Certficata Number
LBV 18 05 54214 (010

Gm us

Approximate Scale 1:1

Description

The Allegro™ ACSTI2 provides economical and precise
solutions for AC or DC currentsensing inindusinal, commercial,
and commumications systems, The device package allows for
easy inplementation by the customer. Typical applications
include motorcontrol, load detection and management, switch-
mode power supplies, and avercurrent fault protection. The
device 1s nut intended for automuotive applications.

The device consists of a precise, low-ofTset, linear Hall circuit
with a copper conduction path located near the surface of the
die. Applied current flowing through this copper conduction
path generates amagnetic field which the Hall IC convertsintoa
proportionaly oltage. Device accuracy is optimized through the
close proxinuty of the magnetic signal 1o the Hall rransducer.
A precise, propartional voltage is provided by the low-ofiset,
chopper-stabilized BICMOS Fall 1C, which is programmed
lor accuracy aller packaging.

The output of the device has a positive slope (>Vigryq))
when gn increasing current flows through the primary copper
conduetion path (from pins Tand 2, to pins 3 and 4), which is
the path used for current sainpling. The internal resistance ol
this conductive path 1s 1.2 m€2 typieal. providing low pewer
loss. The thickness ol the copper conductor allows survival ol

Ceatined or the next page...

Typical Application

45V
) 8
s VCC
2| 7 Veour
1P+ VIQUT ——0 Coin
I 01 pF
Ip ACST12 L
Y o FiTERPE—
k! :: 5 |cr F
T GND {

Application 1. The ACS712 outputs an analog signal, Vayr.
that vares irearly with the uni- or bi-directional AC or DC
primary sampled current. I, within the range specified C,
is recommerded lar noise manzgement, with values that

depend on the zppiication

ACS712-08, Rev. 15
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor 1C
with 2.1 kEVRMS Isolation and a Low-Resistance Current Conductor

Description {continued)

the device atup to 5 overcurrent concitions The terminals of the
conductive path are electrically isolated from the signal leads (pins
5 through 8) This allows the ACS712 o be used in applications
requiring electrical isolation without the use of opto-isolators or
other costly 1solation techmques.

Selection Guide

The ACS7121s provided inasmall, surface mount SOICS package
The leadframe 1 plated with 100% matte tin, which is compatible
withstandard lead (Ph) free printed erreun board assembly processes.
Internally, the device s Pb-free, except for flip-chiphigh-temperature
Ph-based solder balls, currently exempt from RoHS The device is
fully calibrated prior to shipment from the factory

Part Number Packing* t:rf:‘} °"“""Z"{‘lf""9°' # s';"&’;;‘;‘::;‘,;‘)"’
ACST12ELCTR-05B-T | Tape and reel, 3000 piecesfree! -40 t¢ 85 +5 185
ACST1ZELCTR-20A-T | Tape and reel, 2000 piecesfeel -4Qto 85 £20 100
ACSET12ELCTR-30A-T | Tape and reel, 3000 piecesteel 40 to 85 30 66
*Conlact Allegro for additional packing options

Absolute Maximum Ratings

Characteristic Symbol Notes Rating Units
Supply Voitage \' 8 v
Reverse Supply Voltage Vi, ~0.1 v
Output Voltage Vieirr & v
Reverse Oulput Voltage Vige -01 v
Qutput Current Source 3 mA
Culput Current Sink ETiSah 10 mA
Overcurrent Transient Tolerance [ 1 pulse, 100 ms 1006 A
Nominal Operaling Ambient Temperature Tz Range E ~40 to 85 °c
Maximum Junction Temperature T (max) 165 "
Storage Temperature Tig ~65 to 170 °C
Isolation Characteristics

Characteristic Symbol Notes Rating Unit
Dielectric Strength Test Voitage® Vi, (T e T i ee pehag 2100 VAG
Working Vattage for Basic Isolation Vogos gg;g;‘:f 1‘2"2';3;‘;"3""" PATL standgrd 154 VDS o Y,
Werking Voltage for Reinforced solation Yorn R oot e et per N Y & 184 (Evogordl
* Allegro does not conduct 60-second testing. It is done only during the UL cerlification process
Parameter Specification
CANICSA-C22 2 No. 60950-1-03
Fire and Electric Shock UL 80850-1 2003
EN 60850-1 2001
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ACS712 Fully Integrated, Hall Effect-Based Linear Curvent Sensor 1C
with 2.1 kVRMYS Isolation and a Low-Resistance Current Conductor

Functional Block Diagram

o
k&

- VA

. .
Reonny |
| T
fr. =
[ Mmiéf
ﬂ’\‘IB}_L
Pin-out Diagram
s 0] [0 s
s [ 7] viour
r- =] M) Fites
() EX %] one
Terminal List Table
Numbar Namae Description
1and 2 1P+ Terrminals for current being sampled. fused internally
3and 4 1P~ Terminals for current being sampled, fused intemally
5 GND Signal ground terminal
6 FILTER Terminal for extemal capacilor that sels bandwidth
1 VIOUT Anslog output signal
8 VCC Cevice power supply terminal
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS! over full range of T.. C; = 1nF, and V,

- =5V, unless otherwise specified

Charactaristic | Symbol Test Conditions [ Min. T Typ. [ Max. [ Units

ELECTRICAL CHARACTERISTICS

Supply Voltage Ve 45 50 55 177
Supply Current o V-- = 5.0V, outpul open - 10 13 mA
Cutput Capacitance Load VICUT to GND - - 10 nF
Quiput Resistive Load WVIOUT to GND 47 - - kQ
Primary Conduclor Resislance - 1.2 - mi
Rise Time L lo = la{max). T, = 25°C, Coyyr = Open - 35 - s
Frequency Bandwidth 1 =3 dB, T.. = 25°C: | is 10 A peak-to-peak - a0 - kHz
Monlinearity E & Qver fuli range of 1= - 15 - %
Symmetry Ecvn Qver fuli range of | 98 100 102 %
Zero Current Output Voltage | Vys v, | Bidirectional: i, =0 A T, = 25°C S I v
Power-On Time [ gl\ltlg:ru;r?rfx:es S0% of steady-state level, T,=25°C. 20 A present B 25 B ps
Magnetic Coupling” - 12 - GIA
Internal Filter Resistance’ Ry 17 k(2

‘Device may be operated at higher primary cusrent levels, |, and amuient, T, and intemal leadframe temperalures, 1. provided thal the Maximum
Junctien Temperature. T {max). is not exceeded

4G =01mT

Ry 1) forms an RC cireuit via the FILTER pin.

COMMON THERMAL CHARACTERISTICS!

Min Typ Max Units
Operating Intemnal Leadframe Temperature [ T.  [Erange ~40 - 85 o
Valye Units
Junction-to-Lead Thermal Resistance” Ry; |Mounted on the Allegro ASEK 712 evaluation board 5 ‘oW
Mounted ca the Allegro 85-0322 evaluation board, includes the power con- .
Junction-to-Ambient Thermal Resistunce Ryn sumed by the board 23 (ot

‘Additional thermal information is available on the Allegro website.
<The Allegro evaluation board has 1500 mm? of 2 oz. copper on each side, connected to pins 1 and 2. and 1o pins 3 and 4. with thermal vias connect-
ing the layers. Performance values include the power consumed by the PCB. Further details on the board are available from the Frequently Asked

Questions document on our website Further information about board design and thermal performance also can be found in the Applications Informa-

tion section of this datasheel.




ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor 1C
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

x05B PERFORMANCE CHARACTERISTICS! 7. =-40°C 16 85°C. C; = 1nF and V. =5V unless otherwise spacified

Characteristic Symbol Test Conditions i, Typ. Max. Units
Optimized Accuracy Range I -5 - 5 A
Sensitivity Sens Owver full range of I T, = 25°C 180 185 190 VA

Peak-lo-peak, T = 25°C, 185 mV/A programmed Sensitivity. _ _
hloyes e = &7 nF. Cp = open, 2 kHz bandwidth =1 my
Ta=-40"Cto 25°C - ~0.26 - mvi/C
Woyre
Zero Current Qutput Slope AVaurs FIIEC 10 TEOC - Y] - T
Sensitivity Slope ASens T, =-40°C lo 25°C = 0054 - MVIASC
e ’ W= 25°Cto 150°C - ~0.008 - mVIASC
Total Output Error” [ lh=25 A T, =25°C E 115 - %

'Device may be operated at higher primary current levels. I~ and ambieni temperatures, T... provided that the Maximum Junction Temperature, T, }
is not exceeded

Percentage of I, with I =5 A Output filtered.

*20A PERFORMANCE CHARACTERISTICS! 7. = 40°C 10 85°C. €. = 1nF and V- =5V, unless atherwise specified

Charactaristic Symbol Test Conditions Hin. Typ. Wax. Units
Optimized Accuracy Range I -20 - 20 A
Sensitivity Sens Over fuli range of ;. T, = 25°C 96 100 104 mvi/A
Zero Current Gutput Siope AV APl 25 el B, Vs Yt

Sl S5 G e 150°C - 007 - G
Sensitivity Siape S T.=-40"Cto25°C - 0017 - mMV/ASC
Ta=25"Cto !501‘"C - ~(.004 - mVIAFC

Total Output Error” Eiar I-=220A, T2 225°C - 5 - %

‘Device may be operated at higher primary cument levels, |, and ambient temperatures, T, provided thel the Maximum Junction Temperature
T imax). is not exceeded

“Percentage of |, with I = 20 A Output filtered

X30A PERFORMANCE CHARACTERISTICS! 1, =-40°Clo 85°C. C = 1nF and V., =5V, uniess otherwise specified

Characteristic Symbol Test Conditions Min, Typ. Max. Units
Optimized Accuracy Range I ~30 - 30 A
Sensitivity Sens Over full range of I;.. T, = 25°C 63 66 88 mviA

Peak-to-peak, 5°C, 66 mV/A programmed Sensilivity, - _
Nelzs VISGiSEE |G 47 0F, Coyr = 0pen. 2KHz banawiotn d in¥
Ta= -40°C t0 25°C - -0 35 - mvrC

j S AV
Zero Current Outpitt Slope Al TSR TR - ey e~ ey
—__— NSens 40°C 10 25°C - 0.007 - mVIASC

AR ) 25°C 1o 150°C - ~0.002 - mVIAFC
Total Qutput Error’ Evny = 330 A, T, = 26°C ~ 1 - %

‘Device may be operated af higher primary current levels, I, and ambien! temperalures, T, prowided that the Maximum Junction Temperalure,
T imax}. is not exceeded

“Percentage of I, with | = 30 A Oulput fiftered

i *
M o Mt LLC
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor 1C
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

Characteristic Performance
- =5 A unless otherwise specified

Mean Supply Cument versus Ambient Temperature Supply Current versus Supply Voltage
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor 1C
with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Ip = 20 A unless otherwise specified

KMean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

ACS712

Characteristic Performance
f» = 30 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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User’s Manual of ET-WiFly GSX ETT

ET-WiFly GSX

ET-WiFly GSX is equipment to convert data system from Wireless
LAN to RS232. There are 2 sides; one side is RS232Z Serial Port
Communication and another one side is TWireless LAN. This ET-UiFly
GSX vconverts data for the communication of RS232 device and
Wireless LAN device. It reduces difficulty in communication through
Wireless ©LAN because user does not waste time to learn much
information about transmitting/receiving data through Wireless LAN
but user can interface and comrunicate data through Wireless LAN
efficiently.

ET-WiFly GSX is suitable to modify and adapt for the
communication through Wireless LAN, especially between
Microcontroller and other devices in the same network such as
computer or Smartphone such as Iphone, Android Phone, or Windows
Phone. 1In this case, it interfaces ET-WiFly GSX on the side of
RS232 Serial Port Communication with Microcontroller Systems; next,
setup configurations of ET-TiFly 65X to wuse with Wireless LAN of
user; and finally, user can communicate data through Wireless LN
successfully.

ETT CO.LTD A wwwv.etteameom
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User’s Manual of ET-WiFly 65X ETT

Specifications of ET-WiFly GSX

1. Use Module RN-131C from Roving Networks

2. Use Z.4GHz Frequency standard IEEE 802.11b/g

Use ceramic chip antenna and has Connector U.FL to interface

with external antenna

4. Support wvarious commnications such as  DHCP, UDP, DNS, ARP,
ICMP, TCP, sockets
Support comwunication as Adhoc Mode (Peer to Peer)

6. Has security system to protect the communication as WEP-12Z8,
WPA-PSK (TRIP), WPAZ-PSK(AES)

7. Has standard MAC Address inside the product

8. Can setup Configurations through WiFi by Telnet or RS232

9. Has connecting point of Serial Port (R32323); i uses
Connector DES FEMALE to interface with device that
receives/transmits data by RS232 such as computer or

w

Microcontrollers

Rl D[ Has LED to display status of Power Supply and status of
other connections

11. Use 7-12VDC Power Supply

ETT CO,LTD -2 waww.etteam.com
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User’s Manual of ET-WiFly 65X ETT

External Feature of ET-WiFly GSX

S 401 n’iﬁg

(t3)

WiF

€m

Adhoc T ETI CO,, 11D,
OFF (B8] ON U www,effeam.com

* Ho.1l: It is Connector DBY RSZ3Z FEMALE that is used to
interface with device for transmitting/receiving data by RS232
such as computer or Microcontrollers.

* Ho.2: It is Switch to choose the operation mode as Adhoc Mode;
or it clears Configurations of Module and returns to the
default value that is set by manufacturer.

* Ho.3: It is Ceramic Chip Antenna of Module.
* Ho.4: It is Connector U.FL to interface with external antenna.
* Ho.5: It is LED STATUS to display status of ET-WiFly GSX.

* No.6: It is LED EWR to display the status of Power Supply to
notify that it has supplied power to ET-WiFly GSX.

* No.7: It is Connector DC-JACK that is used to receive external
7-12VDC Power Supply. User can arrange Connector in any format
because there is Circuit Converter for Connector Power Supply
internal ET-WiFly GSX.

ETT CO.LTD -3 waaw.etteam.com
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User’s Manual of ET-WiFly GSX ETT

LED Display of ET-WiFly GSX

There are 4 LEDs to display status of ET-WiFly GSX as follows;

* LED PWR: It displays status of external Power Supply that
is interfaced with ET-WiFly GSX. This LED will shine (ON)
when it supplies power into ET-WiFly GS5X completely.

* LED STATUS: There are 3 colored LEDs that are red,
yellow, and green. These LEDs display status as shown in
the table below;

ON solid Connected over TCP

Fast blink Not Associated Rx/Tx data transfer No IP address

Slow blink Associated, No Internet IF address OK
OFF Associated, Internet OK

Table 1 displays status of LED STATUS.

How to communicate with ET-WiFly GSX

If it communicates with ET-WiFly 63X, it is connected through
R5232 Serial Port Communication by using Connector DE2 FEMALE
according to the standard RS232-DCE; so, it can be directly
interfaced with standard Signal RS2Z32-DCE by using Cable DEO
instantly. All signals at this Connector DB9 has been converted
through Circuit Line Driver from Signal ILogic from Module to
standard Signal RS232 completely; so, user can directly interface
with RS5232 (ComPort) of computer PC, without alternating any cable.
There are 5 Cables for interfacing with ET-WiFly GSX. However, user
can interface all 5 Csbles at the same time or user only interfaces
3 Cables (RXD, TXD and GND} as required; in this case, it can he
setup by Configuration. Pin of RS232 Interface is shown in Table 2
and Table 3 below;

(ORONONORO,
© OXORONO; ©

Figure 2 shows pin position of RS232 (DBY9 FEMALE) of ET-WiFly GSX.

ETT CO.LTD -4- www.etteam.com



User’s Manual of ET-WiFly 65X ETT

DBY Female(ET-WiFly GSX) DBS Malke (Computer PC)
Pin Signal Signal Direction Signal Pin
1 NC oCco 1
2 ™D & RXD 2
3 RXD EN o) 3
4 NC OTR 4
-] GND — GND s
& NC OSR g
7 RTS @ RTS 7
a CTS ' cTS a
8 NC RI ]

Table 2 shows how to
computexr PC.

intexface Cables

between ET-WiFly GSX and

DBS Female(ET-WiFly GSX) Microcontroller
Pin Signal Signal Direction Signal
2 XD @ RXD
3 RXD @ ™D
5 GND (A GND

Table 3 shows how to
Microcontroller.

interface Cables

between ET-WiFly GSX and

ETT CO,LTD

waww atieameoom
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GLSS Series CdS Phatoresistor Manual
LS55 Seres Photoresistor

Phaotoresistor is a resistor which made of semi-conductar material and the condudtance changes
with luminance variation The photoresistor can be manufactured with different figures and illumirated
aea based on this charadenstic Photoresistor is widely used in many industries, such as
toys lamps camera go.

Schematic Drawing

Performances and Features

Coated with epoxy Good reliakility
Small wolume High senstivity
Fast response Good spedmm characteristic

Typical Applications

Camera automatic photom etry Phatodedric control

Incoor ray control Annunciator

Incustrial cortrol Light control swich

Light control lamp Electronictoy

Types and Specifications
- M. hax. Environmertal Spectrum
SPeCI e Yoltage poner temp. peak value

GLS516 150 0 -30~+70 40
GL5528 150 100 -30~+70 540

o5 GL5537-1 150 100 -30~+70 40

Sefias GL5537-2 150 100 -30~+70 540

GL5539 150 100 -30~+70 40
GL5549 150 100 -30~+70 540

Page1 of 6 SENBAOPTICAL & ELECTRONIC CO.LTD.
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GL55 Series CdS Photoresistor Manual
i‘_ighi Dark Resporms s {Huminance
Specification ri?f:?::e resistance | ¥i" () resistance
K o (MQ) Increase | Decrease Fig. No.

510 @5 05 30 30 2
10-20 1 06 20 30 3
O3 20-30 2 0.6 20 30 4
series 30-50 3 0.7 20 30 4
S0-100 5 0.8 20 30 5
100-200 10 0o 20 30 6

Test Conditions

Max. external voltage: Maximum voltage to be continuously given to component in the dark.
Dark resistance: Refer lo the resistance fen seconds after the 10Lux light is shut up.
Max. power consumption: Maximurn power at the environmental temperature 25°C.
Light resistance: |Irradiated by 400-600Lux light for two hours, then test with 10Lux under
standard light source A(as colour temperature 2856K).
y value: Logarithm of the ratio of the standard resistance value under 10Lux and that under
100Lux.

_ Lg(R1O/R100)

L9(10010) =Lg(R10/R100)

R10,R100 are the resistances under 10Lux and 100Lux respectively.

" Page20f 6 o SENBA OPTICAL & ELECTRONIC CO.LTD.



GL55 Series

CdS Photoresistor Manual

Main Characteristics Curve and Dimensions

£3:0.2

NSNS

PO.300.03

30001
Specification  unit: mm

Relative Resistance (%)

o N In

Temperature ('C)

Temperature-Property

Page 3 of 6 SENBAOPTICAL & ELECTRONIC CO.,LTD.
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GL55 Series CdS Photoresistor Manual

Relative Response (%)

Wavelength % (nm)
Spectrum Response Characteristic

lluminance-Resistance Characteristics Curve

] ®a

Ton # I p

1w

Page 4 of 6 SENBAOPTICAL & ELECTRONIC CO.,LTD.
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GL55 Series CdS Photoresistor Manual
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Packing and Precaution

This product is packed with the environmental protection material, 100pcs per small
package,1000pcs per big package.

Ayvoid high temperature and humidity for storing

Soldering should be completed in the shortest possible time

It is recommended that the soldering should keep 4mm away from ceramic substrate.

Page 5 of § SENBA OPTICAL & ELECTRONIC CO_LTD



NNANUIN U

UNAIUNIGIYINTT



119

A [¥] a d
Szﬂﬂlﬂﬁﬂ‘lﬂﬂllﬂ DUHHWANTUUFIDINGY

Smart Solar Street Lighting Network System
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Abstract

This project presents the prototype of smart solar street
lighting network system. With the condition that supplies power to LED
street lights for 12 hours and supplies power to LED street lights in a
particular situation. For example, when raining or utility failure, By
using a microcontroller to monitor, control and analyze the parameters
in the system such as voltage, current, power, etc. Then send that data

via a wireless networks to LabVIEW program for display and record.
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