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ABSTRACT

This research represents a design conduce to create a portable Ground-
Impedance meter. It dominate feature is easy to measure without disconnecting ground.
A design use Ohm’s law to calculate impedance value. Electrical circuits and
microcontroller that use in this meter consist of 1.) sine wave signal generator circuit for
induce voltage in ground loop through a high frequency magnetic core 2.) current
measurement circuit which use principle of current transformer (CT) and 3.) process by
using microcontroller which bring a result of impedance and show on LCD monitoring in
the same time. In the future can be improved it’s ability by transfer a data of ground
impedance using wireless network that will make a much benefit for electrical

engineering work.
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2.1 ‘wqwﬁuawé’nmiﬁw\wawﬁaLLﬂaaLﬂ%aﬁﬂ (Theory and operating of the
instrument transformer)
vifouwvaslwihuenainagiivsslsmimedunisifiunioanuseiuuseiuluiudads
annsatiUssgnaldaudums famussiulniiuagnspualiih fegauduvesmiiouvadliiin
fe lpauandRluaunshenisinimisiulsugiinunfvgiioanainiy (solated  electric
circuit) ntiedsanunniioveanuuulilndidsstuniautaslugaunilasiisaiveaviiouyadliiae
nauiuly uazAdnduseuIvdonlas Transformer ratio %39 turn ratio (a) elu
msanseiussrulifivIosnudunisanvuinveanseualvihielinuigauiiaesdluldfy
\isiletn uasiinAuasadetugunsniilden Tnefindeuvasiivnandislunsin 2 wuy
wdn #ie Potential Transformer (P.T.) uay Current Transformer (C.T) lufiiiazesutsiamy
MEAN15¥9IUYDY Current  Transformer  (C.T) wiithy (losarnthurussyndldlunisasis

at A o v
wsanu Wi wtentle

2.1.1 vannrsvaandaulasnsasianseua (C.T.)
< P [y . . Ly oA

Hugunsaiignesnuuuniiieldlunsannsvuagslusesiifimgn (Main circuit) #
v Y 1 1 < v oawv A A v | v
roensin Wieglugmnmnzauiuidaveuniediodn W 5 uenuds lnenisadesanglui
1 & af v d 1 & = =1 e £y = I oar
ruunumanildduasuivindaiiidiuseuveaaaanienulsugil (V) whnu 1 seu
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aefinanslilugud 2.1 Favdeuiunissedinasinnssualiounsuiuasiniiisesnsine

a0 1
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NI, -N,I,=N,I, (2.1)
desnuifeuvanniasinnszua (Current Transformer) gnosnuuuliiiaaadadiAseiuluma
gauAR FdlviAnAusunaswimdnniienilidndilndaud ildanudeaininszua
nseuauumvanvenumaniaudlndgudse tufe

N,I,~N,I,=0 (2.2)

Faagymlaonsnauueinseud Ao

N
I, =(=H)1, (2.3)
N

5

= o 2/ ! o = al v
\Haimunli Np =1 turn %8?ﬂlﬂiﬂ‘ﬁ’lﬂ’lf\]WU’JuiﬂUﬂaﬁﬂﬂa’JﬂnﬁlﬂﬂuMIﬂﬁqﬂﬂl.lﬂ’ﬁ

N =-£ (2.4)
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N, f8 MUIUTOUTBATIANIRIUNAEYT (59U)
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1, o Anszualiiimieiuygugd (Weuuys)

Y

I, fs AnszualihvesiuyRend (LML)

mMsAvibivsiawUadnsewa (Current Transformer) flanuudugnlunisawiuanianis

€

ALN U‘uawauummiawﬂéﬂﬂEJTMLmumanmaammmwmmwauwmﬁ (1) a1 uazddraiy

& U’Lumumaﬂms] Fslunseanuuuiasuaimdnlimsiisesse WAZAUAUMNIUTARINYAY-
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3
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2.1.2 msldaundiswlasnszud (Current Transformer)
FamsduunvilouwUainssia anunsauuswnudnuasesnsldoulandu 2 ngu fe
1. valouUasnssuadmiun1sia (Measurement’s C.T.)

2. vilpuUaanseuadinsunisteefiu (Protection’s C.T.)

s = o
2.1.3 99A295829 N5 1Y UnLaLUa AT ANSSILE
ilodavsioutanatasinnszuaudlyiivan qvmaaama%‘maaﬂluﬂa ugiilinaaniian

Wetloatuldliwdaulamiosinnssuadome Lﬁaamnusaﬁumﬁmﬁw(induced voltage) 310

di i = o0y di
aunsues ¥V, =LE ANUNUBINNTNAY (Faraday’s Law) Llaiiansiudeudagyily = il

AN

2.2 nQesleviu (Ohm’s Law)
¢ & =g v a o W & 1 )
nveslonu Wungildedursanuduiussyninanssualni usedulni uag aanu
v (3 1 1 J s s s A
Mumulagngueddeviunanin “nszualwiinivaluresulsiulasnseiuusnuitounay
wdsenduiumusiuniluans” Tesawnsahundouduaunismendamansiana

i I f25)
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A =l [¥) =1 ] [
Tagfl ¥V fAe wsenulwin Tty Thad (Volt)
I fo nszualuin fwholu  weuuys (Ampere)
7 A9 AUAIUNIU fwheu loviu (Ohm w3e Q)

2.2.1 MIABAIRIUNIURVUDYNSUUALVUIUAINTUIRTINH N TEULAR S

mssafmumuansaudsldiu 2 wude wwusynsuwazuuusulunsdiiiinigde

o Vv

AU milei azEEnsaRILINMIANANR UM UALYA AR

i Ri R Rs Ra

b

v

= ol v o YV da |
SUT 2.3 2995auaNUTENOUMIBIMAUNIUNLNITABIUUBLNTULAS YUY

WATOYNTH R, =R +R+R+.. + B (2.6)
1 1 1 1 1
R"“? Rl RZ R3 Rn
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= 1 1
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LAD1998UTENBUMIY MIATUNIY , AAULLIUN LLﬂgﬁ]’JLﬁUﬂiﬁﬂ TINTAN)IEUVUDYNUIUAVDY

'3 é 1 bl @ Y 4 ' a
gunsed lngillasiuanusumuresisaudidiiiefuazditonisonit anudiumuddou

veA1BuiuAuT (Impedance) Inglunisinnsanszuulniinssuasadu (AC) szgmirunfiansan

P oo o - o ao & ° W
2.2.2 NN TIUNIU AALKRULIUN Gl']Lﬂ‘U‘lJ‘iSiII LLU‘Ui’)‘i.glﬂ53JLL6$°liu'1uﬂ"mﬁU'Jﬂﬂ'ﬂWﬁ‘1
nSTUEdAU
L L) U L7 d o a ] v s 1
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v Y
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JUN 2.4 1asanyandsenaumenanunu Aamitledn waziiinuuseaniinisaeluueunsy

1 1

LAZUUIY PINAIAU

& as

1 o a/ & I a = =1
"Il’]ﬂluEﬂL{JunﬁiﬁlﬂNi]iLL‘U‘U’eJ‘LgﬂiiJ BATUUIU FINaIny %Gﬁ’]ﬂ’ﬁﬂ‘l’i’]ﬂ?@ﬂJWLLﬂu‘gaﬂJHﬁlﬂﬂﬂﬁ

29950YN3Y Z= \/R2 +(X, - X, )’ (2.8)
| (1]"" i 1Y

9ATVUIU —=J|=| +| ——-— (2.9)
z &) "\x. x,
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= - v = ° o I <
ool X, #eo  Avwdumuenuwien  Swedu levy
X, fe  anudumiuaulnih fmhodu Tovu

7 Ao Duflwaud Twheodu vy

= 1 < o
2.3 N UNULAULAANAIUAEN

u
d o oA

unuudindniutihfindnde Wudumafundndmiuiduusaaiminlunisideulss
seninsgunsaiivin wiafluduniadeudeseninsuvasdnondsauudivdniulnannis
wimén wu dmulunsdludeutasiuih axUsznavlumeunasinendsuudininagliun
yaaIAneILAWUU Uz s Taunasdglwinssuaady uavTvanyawlmdnagldud
UYARIAVDIAIN AU AL

Tnevilundeuvaslwinildludidnmsedndindasudady 2 Uszian lodud wieuvas
nlfhanudshuazndioutasiwihauiae lnsfinauusniassninadeuuadniiniuden

as

(50 w30 60 Hz) uazmlouuatiwianudge (undndladsadunieunnintiy) astiuegiueil

ho}

Woasveanuudmanild Tnefinsouwvasinihaiudirasldunuman (ron core) Tuvaugh

nifouladlwihanudgeaeldunumaslsd (ferite) (g

'
[ v =l wva al

asuaindnldvindunnunsimaniuisasdidnnsotindnideasd asllanaud@niaiy

)
Fuuruduindgee

waslsuunuinuioSendnadaniainlavzwsingn (magnetic core) avudsoanidu
2 wuu Tun wuuuds (hard materials) Sefienldviusindnn1ns wagiuuseu (soft materials)
Feosfenldvindumioudasiiiuazdunienili Ineweslsuunudniinuandsiag 3

v | | i | B P '3
Usenausie AAMUILILLNEUINLLImMANaNgY (7,000 — 23,000 inad @ Tl 1 inad

s

Wiy 107 wiaan) fidanuduruduinsgs (1,000 - 200,000) wazdiAar g

v =t o

< 2 o 8 w ' s : ol e w
mededndunvgdewililuuiuuieg Usenuiu (laminated or tape form) liveansiindalui
o v wada 1 " 1 a w =
geydeifioaninnszualvanu uavdequantindanuvuuiudunsasindndudigs Jadu
dﬁ Vo ! A o ‘J ] A
nfieulunsldiugunsaludwmdnildiuanud 50 - 400 Hz eg1elsinuiiasnntym

o w o oA 2 o i -
fdslnihgeydeiliosinnszualvay Suilildanunsaldluauanudgsla
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2.3.1 unundidnviinwuluiau (Tape Wound Core)

-
4

1.Aluminium Case
2.Silicon Case or Melamine

3. Cushioning Silicon Material

é — 4.Magnetic Material

d u 1 -y L7
JUN 2.5 amdaveannuwivanedafuluiou (TWO)

wpuutiwdnedasiuiduuau (Tape Wound Core %38 metal alloy tape wound cores)
Fezlousongeoqin TWC nandunnuiweslsuunuifnuuueeu (soft ferromagnetic) Tneiin
9nmslddaanun (alloy) Wi iweutassd (permalloy) Feunuwimaniivinainaissenan axidl
nIMANINYTYRIAIBWIs B I dNALLLmanTndAseiuTunseauaR Fedldnweus
[t o o I = 1 =3 1 13 ] & a ' =3
Wugunsedmaeu Amudugivudivinuasainuvuiiduiduisssivingsgeiiaigs egalsi
auausumulnihaglusnuisivdnaviain Sadufisnveinisuus TWC sanluusuuiag

- ! a A ' | "o a v
ieaneAMugydsiipsnnszudlvauntgluinuuiman lnsduluguds TWC ssfienldiu
ANAAEY LU 50 , 60 way 400 Hz WHudu us TWC azlifenldifundoudadlniinaudge

U

a o =i

o ) 1 X 6w _a a § Ry o W _a P = i

AIUIULNAIIENTIAIFINU WFIUUNIENIENFTIATVIVSNNIUNAIIN AN (Usgu18uu1nnIInge
" - v o i a al O | o9 VI o w s o a

wiriu 70 kHz) edmnnldunuwimdniimuiigeisnanezdilimmdlvingeydeiiinaen

nszualwaiulAigedy

s d o s
2.4 ussiulnAwmteanidglniinnszusasdu (Induce Voltage)
P o £ 1 = = s = J 2
detaulninszuaaduidlVlurssswivinavifnusingnisaiiiuansseinnisdewdi
mulrihinszuanse Fsnstaudmsenisnsyiumelniinszuaaduasibilianisiuasuudas
a8 a v o - | o2 da &
vosaunwiwdnaeluwnuiildidunesudinin Faauievesauuwimaniinduluunuay

A

) = i v el v ow <l
fuusiuruavesnnuduazgusnvedliihnssuaaduntewdidaguin 2.6
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_lr
iy

[ SE—

Vi) @ et TN

d L 2/ s 1
JUN 2.6 msnszsumelvihnssuaadulusasudingn

¥ o v = ' ¢ o .
M uualinsiUasulUasauuwidivanlunnumaniduwuuilsnduled (Sine)

#(t) =g, sinax (2.10)
#(t)=A.B,, sinot (2.11)
= & i v | A
Toodl ¢4 flo  AgegnUDLAULSILiIAGaN fivuaedu Whb
B A A1geaavesnnuniiuudulsmivan fivinedu Tesla
& 4 o | 2
A Ao Nunuidauosnuiman fivhedu m
= ' € a =l 1 =
O=27f A9 AN UnUBIY rad/s
¥ Ao Arwdveslwinszuaadu fimhedu Hz

NANYUe1I AL (Faraday’s Law) szansamassqulniiniernr (induced Voltage)

=

TuraanfNusoURNUMANTNITIRNUIUSDUVDIIAAIAVINAY N U

dA
— guliiin 2.12
e(t) 7 (2.12)
dg
=L (2.13)
e(t)=wNA B, , coswt (2.14)
e(t)=E_ cosax (2.15)

MAMSIUSBULBUSEWI AN (2.13) fU (2.14) ldn B, =27fNAB,

J A:‘ e/ ﬁll ° .
Waza1saMIANIINAdDvasInulwHmieni (rms induced voltage ELLLY
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v E
a9nnaums E_=—mx (2.16)
rms '\/—2—
27fNA B
= s ey 100 2 (217
rms ‘\/E
E  =444fNA B, . (2.18)

ad A W v a
2.5 3J'lrﬂ‘a‘§’lu‘ua~1Lﬂ'smua’mmﬂ’ﬂumumuﬂu

2.5.1 msdaaranuunulagisnisuaaudesu (Clamp-on) w3e dwniad
(Stakeless)
o Y] o ° Y v | v a v w
savinwuukAaudoouyitn1sinAtnuA U LB sLiandnAulaen 1 suaaudidniu
o/ L] o a ot A ‘ﬁl - ‘d d s £ A o
mamumaﬂﬂummwﬂszznau'lugﬂw 2.7 WUallaA3ed IATDIINLUULARNUDDUILLAULIUN
vy 1 ad o =t v %) a 1 ' a Bl a ad ¢ W
wseRumeRANnfvun Balaevluuaiaviidregsendn 1 Alalind uas 3.4 Alaidsnd wdn
I3 o | W oa a0 v v v Y] P o o & Va
WluszuunsmdsiuiwimdnfuiiegaelinisinArdae wssdumdeadwiiinanssua (7,,)
nlnanieluszuudaf-nsne (multi-grounded system) FegnvimisinArlaeiniosin sasidu

wseRufanTsLa Buiiuaud) duannsadliavslasuanwaluguiuuiinealnainiesin 38n1sil

AeeguuanyAgrunIeBuiuaudluszuuiiinsea Wie dwldesin) veulad-nsne gnuenasn

Il i
b=l a1 v = a =l 1

MnuiandnAuiiegaelinmsin SaffeliAdeeunilliaifisuiuwiandniuieg anelinisia

£

satudsansaanypliididwiiugud (Z,, =0Q) feauydgiudinani@ailiaunsag

AlngUszaMYaAIANiUIIYRIWiImanAueggniadluruegl gy

[
1 =

mgensaludvesgunsalnuulaauleeulifseguLiug uraIN TN TN vy

U
E 5 =l

LaEN1TUUINBINNTTINT Gaws) wdasinuuuuaandesudoenisnsifisuanfiuaaudils
wns5g U ielviwilaladdwinnulasgngnieuasivangay

= Y1 aa dv -] 2 = s 1 [ | ] 1 1Y

o ismsilaggmiluldeaiaadldiuegunsuarsluaedauagaeimminy s

= at a -] YV o dl = s = v o as 1 o E
nguininvesiuinlvidlveansodisineadvedndnunegnlunisiilidssgnaldauniy
Wvanua1l
v o al vV o o o 1 v a aa di 1 s ¢l
a) nsUssgndldnudalitedndnluiewsuimdnauniinisweuseaiussuunsnnng
ABURLAUDAN
s 1 =l A U 1 L4 i o
b) lunisiadre199ziimuaAaiaAfousIn ¥ININANILE ALAUTLUHEIUITDITIUY

fnsea (v3e dwlesiiv) veulai-nsnanedmelinsinlvunlngilefieuiven
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=

Y S v a ] 4 & ] ar ¢ = at ac¢ ¢ oA
AYLAAUIINDIUNITNAFDUAIAINUDFAIAILG 1 ﬂIaLSSG]‘U UMY 3.4 ﬂIaLﬁ‘iﬂ‘U LW8

q U

fnwseaunisyineuvesulniiafesnaw auuddnluinisaruiuaSudnuaudlu

3

o ) | = P v o v o v oa - |
WITNNINITIA ﬂ’]ﬂ?quﬂq@“ﬂgﬂaﬂL‘U"Iﬁj’lﬂ'ﬂ'iﬂﬂ']ﬂqi']ﬂ'\]i‘ﬁm'ﬂ‘lﬂlaﬂﬂﬂ'ﬁl:wuﬂq

BUNLAUYVDIIIITRATAIUNSOYIN IAAAAIAURANE UDE LN TUAISTBIUAININGN
1 a‘ o = 1
AALmEEINTvua g
[ | al . | | v oA P | a = s
o) nisianseuialudiusa s adudinusauuliingea (M50 detiaeiy) vaasyuu
aunsadawansgnuluniseanuen adrelsfnunistesdunuullavsaastiinseaay
) v 4 o/
NIALAERTINIELATOIIR

= =

§
Brslldausnilyussgndldlanussuuuimdnfuideudeiunuuiaiilda

d)
(multiple-connected ground electrode system) 1@y A3ansavasamilnindeas

[} o A 4'-" < ! @ v A 5 =4 v
, WamdnAuniiiieusieduluudad (multi-connected pole) #3e 1ASeAT19T09

|
= =

3 L2 A 1 1 L7 =l ﬁ' 1 s o »

19170 N1IANNTLTDUABDLYNMANAUNITBUADAULULNAR (multi-connected pole)
- v ¢ v o 4o o | | W o o
3o 1a59a§1998an319a enviunnfviinisdn asavgliuiladndaniinsradyndagn
s ﬂl 1 A /s
finnsireusiaanulaoniy

e) dyprusuniuaudgeluszuvaInsadawansenulunsoiuaila Amdnsnaunig
sumuiadyyind (noise-to-signal)  igeanunsaintuluvaeiviinisininy

£ S a aa
ATUMUAUNUATE

Multi grounded neutral
o | (or shield) _
74 eq— 0 & 7 eq = 0
b g

I test

-1 Current inducing and
f::] measuring clamp-on
device

JUN 2.7 nsdadanuiumiulag3inisuaaudesu (Clamp-on) w5 awniad (Stakeless)
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2.5.2 MInAIANAUNUlaedsnisanvesdng/waaudesau (FOP/Clamp-on
method)

ApuFumuvesimdnauilifinsdendesuuiamdnfudy (stand-alone) anunsn
Mnsialalagn1svineusiuiuvesisn1sanvesdng (fall-of-potential method, FOP) uae
FBnsunandesu (clamp-on method) mudildiwandlugui 2.8 Twaunszuauaginauusesudiy
gnAnddliglunuamaiisafuisnisanuesding (FOP method) Tunisdsrnunszuadngssuy
5196 wifauvasnszuauuuunaudasu (clamp-on CT) agvhmsindndiuvenseuadisoinisin
Falwameluszuunsnd Sasdiuesdusaiuiildainnstadnieldlunsiadinssuansng
wdnduinsfuamA i un e windnAuiliiinnsd eudefuuviandnaudu
(stand-alone) ¥893EUUNT1IA

An1sanvesdnd/uaaudesu (FOP/Clamp-on method) Tasunnagldiileriinisind
AMLFUN TR EN RunA UV (multi-legged) W3plAsIassaneds filufssuuuriamdniu
Tnelawiz dwiunisinainseuadilualunsmdaninomiiowlanssuafianusowenunvldauin
Tug (large split-core CT) wl4au muﬁlﬁuamlugﬂﬁ 2.8 Tunsdivesiandsiiil ¢ a1 ARy
funuvesusiazyvzgnianeniuiauiiagihmssuiudisetuiisduameiauiumy
voelAsadnaviamun Lﬁalﬁmumﬁwﬂsmﬂﬁgﬂﬁmuﬂiﬁaﬂuﬂﬁﬂﬁﬂﬂﬁ"’;’mﬁhmmﬁmmummﬁgﬂ
4 gwFounule

I8 surandanu (clamp-on method) dyanusuniuauigdlussuuannsadea
nsznulun1setuala Adpsidiunissuniuiadyia (noise-to-signal) ﬁqammsmﬁm*ﬁu‘lu

YugmiMTInaIANIAUUALATaIE

Current

injection
electrode Ry
Overhead ground conductor /’f i s
T vd | '
. | ‘

/ ]
7
y

High vollage
transm ission
lines

Multi-Function Ground
Resistance Tester

Reference /

potential %

elastrotd "[:// Flexible cumrent sensors High Gain
R Amplifier

A s I 1Y = ] = at 1 Q:l
JUM 2.8 syuumsTadianuiunuiuresaddealdiBnns FOP uazmsiadnseuaialva



o
unn 3

vy oy A4 A& o
NM172NLUULLEASETINAULUULATIDIUDIN

wﬁ'ﬂmsi’mmﬁuﬁmu%‘umawﬂﬁdﬂ%aﬁ%'ﬂ’lst,l,ﬂauﬂﬁqgﬂﬁ 3.1 Hunisiaaidiane
nssvomiouwUasuuianlvin Tnaisuannnmswmieniussulniidlulaswnuusindniivhan
waand nduieianszuannnquiindeudasnszualaensuaaudivudioniu Ssvannsadn
ﬂiyLLﬁlWﬁﬂﬁﬁcﬂ'mﬁaﬁmsmuqﬂ’uaauwﬂﬂEJm'SL%auﬁaﬁ'umqﬁwaqawniﬂéisijnaqﬁu
@l Jeanunsaviimsmardufivaudvesldanngueslens arnuuadaisslfitluesniuy

fuuusaly

Transformer

Ground

A a s 1 = B Vool
JUA 3.1 ndnmsiaABufiuauduesanensniudlagldiSnisuaand (Clamp)
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luniseenuuuresaiasinduiinnuduesansnsniud Tesdusznousy 5 agrefeguil 3.2 Fdldun
1. 2995831915961 (2995 RC Oscillator ua2993 Power Amplifier)
2. 1IN TININAIBURULAULVDIEIUNTIIN
3, 29959818ussuLuUlinduweE (Non-Inverting Amplifier)
4. 29sulasussdusniiaesesidaonadadurmussulniinszuanss (RMS to
DC Converter)

5. 195NISAUIMABNRLAugIIniulasAaulnsalaas

o as o d af L=
3.1 AMNFINVIAIAUNTTT19UTU93sIATOIINA BN LAUD YRIE1BN TR

( ™\
TV ILUSIGU HAIMIMUIUMA DU RLALSY
wuulindumia nnlulpsreulnsawes
——————— 1 I-———-—-—-| (e S

@ HITANUTIAY Non- Invertingl | | RMSto |1 | :
o= ————mm——m o Lt Amplifier_1 | —+I| bC_t :—:- I
| | | | I |
| I [ LCD |1
| Re 1d Ry = | | {dsPIC30Fa011{ |1
||Oscillator| |Amplifier Non- Invertingl | || RVS to |1 ! Monitor] |
| | |
S § W =T A amplifier 2 || 0c2 | |
I I
|
________ e — e e ¢ SN
@qwsmw‘fﬂmauﬁmui @ WISUWUAIAUTIRUSINNADY
YBEBATIA sesidspadndumuseiu
Iihnszians
\_ J
JU# 3.2 awsanmasddiunsinauluinsesesinAduiivaudvesaiunsiin
3.1.1 AMNIIUVBILATINU
< a ) o v ° a A& w1
"\l’]ﬂEUVI 3.2 ﬂ']iJ'TiﬂElﬁUWEJ‘UUWQUF}”I'iW"I\‘]"Iu‘lﬂ')'] ATEUIUNTTININTIUYBDIATDIUDIAAN
= = ny.r

suflunudvasfiunuuupandesu (Clamp-on Ground Impedance meter) fifumauSuduain
o = s J L4 i Qs d " c‘
esiuiindygingundulet (RC Oscillator) Tumsadedyyruguaiivlel sine wave) il
< = = § L2 n.j o a o 1 s o s a dJ
AMIDUIA 2 Aladdind ntuindygiunenaliidneasveneimas (Power Amplifier) 1o
ggrefiaeliisenanonistuunuuimvandeaimdslunstuunumsiinedeios 1 a6 wazdl

uALeNUFInTauTIsuiniy 2 Tad Wednygrnruni1sveneinganinieesuenginge (Power
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Amplifier) wénFsgnadludaunuudmdniioifuundssioussiu (Voltage  Source) Aldlunns
mf‘imﬁ’flﬁlﬁﬂLmﬁu'i,uﬂaqﬂﬁu wé’qmﬂmﬁmﬁ']LL‘NﬁuﬁﬂU‘lugUﬁuLLE’h ATSIAUAINANIVN LA
Aanszudlnanisluguiv MM TIadansuLAznsTLaYIDNTiDeN U ULLIWER
uitasanAdyanLsifusaznsruasinanidtosunnsteailuriiuiesvensuuylingu
wd (Non-Inverting Amplifier) ieviin1sversrutnvesdyyralilid i mends
lulasraulnsaiass (Microcontroller) TunisiiluyszananawasAuInAmduRLaug ndiann
nurasveneuuulindunla Tnavdyaaildluiiuismudasianussiuliiihsniiaes
yosrdsanands (RMS) Wuausssulniinseianss (RMS to DC Converter) ttauwUasanlsiidu
sEUUnsEuansuiienudrerenisiilulssananalululasroulnsaaes weldd userunay

e A 4 3

nsTLALED YrAdensiuarldRBuRiunudvuesanensg winanmadndilsuuninae
LoATA (LCD  Monitor)  usiluvnaufuaeduiiuaudiilitudaiauianainey odosns
rsmﬁ]aaummgﬂﬁawmﬁuuwLﬂ%aﬁai’mﬁa%’nﬁum annsavililaemsirdildunasuiiou
fuindosiiotaiivioniq Wu SANWA FLUKE YOGOKAWA (iewArmauiiaiiley (error) wae

Prluusunnlululaseaulnsataasaely

3.2 2995 lWiA Y

DEL104G
Dicde Bridge

U 3.3 2saslvides

JUT 3.4 fuuuurenasiviie
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s =l

199sliAseildduneesi3eenseua (AC-DC Converter) Masun 3.3 wasiidnugves
LY s ‘J ¢ 1 b v o 0’; =l o 4 ;
AULUUAIgUN 3.4 Yslunngdivreriesildvirlassnuiuiianudndundesddlvidenssuanss
MUUTES192995 A E UL warsasianunsateulwidaeliduisaslunsasdrulaviavan 2995

IWidesUsznaudegunsadingg laun

1. wilouUauuuilufiunsenans (Center-Tap Transformer) AflvuIALsIAUIIDBNAD
12V,0V,-12V
2. 1vseanszualasltlodlalonuindudia DBL104G

3. gunsaliinussuiduussiuuan uasussiiuau Tneldled vila LM7809 uay

KA7909
4. fifiudszquuin 2200 UF U 2 69
5. fifiudszquuin 100 nF MU 2 6
6. FLfiuusyguunn 10 uF T 2

3.3 299585190 590U
TuAIMYDNATATNLSIA LY ZNUITOLUNEILUIENOUVRNASRENLWTY 2 &7 fe
1. 19siiladryeyraguadulend (RC Oscillator)

2. 195U IveIde I (Power Amplifier)

o a w -
3.3.1 299snnlindayyiauUaauley

L Y

[
o o

Tudrurennesadrouseiniy lilieesiuilndygrasuaiuled (RC Oscillator) &l
mssenuuuludiuasiifguil 3.5 uasanunsnainiunuvesesildmguil 3.6 dmiuns
asrnsesiuiiedyyraguaduled auisavildlaenisldeaseeiiidnsveegs wu soy
waud (Op-amp) sefumfumuuasiuiulssy ludnwusiiinstiounduwuuuan (Positive
feedback) Tagflnmivessasiuinguadulsdannsonunldlasnisusumauiumu
(Resistance) wazArnImNRlil (Capacitance) u1adiluneas MiiFesliaenndosiuiiouly

nl' [ vV a 1 . , L di = 2 é’ o i
wngimiliiAanisunds (Oscillation) wwedyragundulningnasiuun ssgnidalastu

U
o a w e v =i 0o a w P XY By - | e
nMsviuBaduvesesvenedild lnefinesdudedygrauguadulaidnuarignioniniy
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1AM ndyauuuULEiadEY (Linear Oscillator) Fsweaniilalulsastaglansminddnwayly
P calal a o v
sunduleundinnudnmnufionis

R¢

& C &
Y] [|
Il I }

+
. R%

a o a w P ¢ N
5UN 3.5 19asiilladeysyrnguaaulsy (RC Oscillator)

U

<

d v o = s i
5UM 3.6 Aunuuvensasiwiladyaiaguaduled

$ aa o o a )
Fepudnldldavauisafiansaunldainannis 1)

o 1

Yl (3.1)
273RC

Taefioenuuuld R, >12R

Mnend feensauaniglusesiniedygrusuaauleid 2 Aladsed lneivualild

L U
@

fufvUsyanien 0.1 lulasvsa ssduammiAIauAUn I LR
1

FAAUNTG =
! 273RC

wual C=0.1pF

|

aylaan 2x10° =
273R(0.1x107%)

R =459.68732
\Honby R ~ 4600
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Mndoulufhieenuuy R, >12R
aglan R, =12(460) = 5.52kQ
\danly R, ~ 6kQ
d 14

sinlindygragueiuludigninluldludiuvevsesadaussulwiivdesdluunu

YU

3/
=

' [ o as o as s v = o v Lt ke
usimdndmiulasenull Tneidygrausiuviseniilannuinuidesnisvensasiludeaudh

Iturdvensveramdalni (Power Amplifier) sioly

3.3.2 29950818MAIURedue I (Power Amplifier)
Y Alvu o o, & W ¢ d | a a ¢
waenniladtyeuguaduled (Sine wave), usasu 2 1aad, Aanud 2 Aladsnd 9102999

s

Audladyanugunduled (R Oscillaton wdaiilonnansdredyarudnaadunuutdivdn
wuiqﬁ’cyaynm*maanmnLLnuLL:JLwﬁﬂ‘uaaﬁaLmﬁuuaxnmmlu‘Lﬂugﬂﬂé‘ulﬁﬁuazﬁﬁhﬁﬂmﬁyau
Tk ﬁaiﬁﬁmmnﬁqé’aﬁa’ﬂEJIﬂamaiﬁwzﬁmﬁmmwmgﬂﬂﬁulﬁﬁ (RC Oscillator) thilaliieaneluns
FJuunuLnEn Lz.azﬁwLU?UULﬁﬂ‘uﬁ’um*mmaaaLﬁaﬁhaé’mucywmgﬂﬂ?{ulw (Sine wave), k396U
yun 2 Thadd, Awdvun 2 Alaidsnd Meindedilindyarailad®y (Function Generator)
wudhransaduunuudindnld udmeassldinsunssua (Current Probe) Janseuawieenain
wFedlviridindayanaileddu (Function Generator) wudqﬁﬁhnmtﬂlwﬁwagﬁ 200 faduouuys
Flideasuitumstunnuuimindusiodldidsinih (Powen 91naums P=1V fifimunnoen

2/ 1 1

deeiniu 2 x 02 = 04 Jad udiledeansidyaaludunnulfegiawiuey Fedesld

'
¢ & = o 1

29958818MASINA (Power Amplifier) iflvunafdaluiihgandn 0.4 Snd Jefldnwnizvninise

o w , v A:I v a o [ nl
2095ve8MAlNA (Power Amplifier) uanadagud 3.7 uavasasldaueialidnuaedasui 3.8

UTC/TDA2003

INPUT GND vee out
INPUT 1 2 3 5 4
—_—

VR1 5
10k 'F__'c!_ 1 ils i
= 10 pF &

Il
&

hi R3 0.1 pF — =
e 3 ot
3907 470 pF 5 0.1 pF =
A 1l Load 4Q
g,
c3 Rz S L 4 LR
2 F <
0.039 uFT 220 3 1. P T1a

vCC

5UM 3.7 29959819718 (Power Amplifier, UTC/TDA2003)
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SUN 3.8 AULUUTDIINSVENLNA

U

'
' ' =l

19957 T usasveneddegrsinenldiumluTunureedsdlusosuduasy
wainaslan Nldled UTC/TDA2003 Tnediiinnisvengmasiningsdia 10 106 uagldlnifes 9-12

Thad Mvanvuia 4 1oy Faduluy class D

8/
= LY

1o% UTC/TDA2003 ésumsusuusslifinuaint@fifindn UTC/TDA2002 Bnviadansnse

drunseualigeanta 3.5 wenuys darasluda (Harmonics) warpsaaloniashanaidu (Cross-
over Distortion) #1 @4lad UTC/TDAZ003 fimstiostumimndeyediinainnisdanses e
Tnaniiu nuussdiugeaald 28 Taad finsnouaussnudil 40 1Bsad-15 Aladsnd ddlu
seazBuniimfuveshlefannsodnwldnnefieled (Datasheet) lnonsa

N3UTA 3.7 @snesuIeMvinuYeseesid lagledieliites 9-12 1aad uwas

'
& <N L5 L

AuUas (Coupling) dmyayrandiun Wiw VR1 Jadumiuuuudiuela tieususzaunisveny

@l 2/

faslifimiudeanis wardeluds 1 Yaanulnihnszuanselusumuduniueidine 1 99d

0% dalursasvenedyanmuvldnduina (Non-Inverting Amplifier) @fidyainwioonnig
1 4 laeil C7 Wiwaissnannisaevavssmdsliaty Lmzé'zyfyjm‘sumu%gﬂﬁm‘ﬁﬂﬁm
IR RS way C6 nauaanludadilng dynuvieendndumnilsazgnilounduriiu C3 uas
R1 s 2 Bunesie Wiednwinisnevaussanuiivin dau ca WHusilawmesnsaalwls

o o

Beulay C5 YINMUNNANF U USUNIUIINWLAGIII8 BN

L 7]
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3.4 29950TIINAMUATUNIUVDIEIINTIIN

3.4.1 auandRvewnuwimanildlulaseay
wnuudmanfldlunisiniiondusedulniy azduunuusimaneiaiuduwou Faldsu
L3 = [ 3 = [l 3 (] d v o s 7
AUBYATIERINUTENANNGE (Kumwell) Tnediunuwsiwiney 2 unu Welidmsunisada
s :J o a 1 A:J Y v s J 1
wsadulWindeadn wazarunsataainssualnirfilvaluaignsadlaaindqdouse
[y < = o s as v
(Connector) Aegu# 3.1 Feazdnuerdygruveussiulnii uaznseualnirvieen wildlu
1vasvenedygrnussiuliihuuulindualudiusely Tnedudeuse (Connector) #ildau
& P al ] o = %) o g v ow ¢
Tuazlisiwazidunveswinegaesun 3.9 laelunislonussihunuuivanuirdssiuanensig
y a o ef' = v ar A =1 1 EJ 5 =l
Tuilanfenil (secondary) Fafilassaddieguil 3.10 uananilunuusiiméniieanuuuiiuagiinig

o . 1 1 1 [ t:f
Ui (shield) m3sumuvesaunuusiivinseninsunuuiingn 2 wnu dagui 3.11

Connector 1 Connector 2

R W S RW S WRS RS W
9960 90 s s0 0 o
Vprt 938 Vinput—T winn TAY (AN T Joutput
(From Power Amplifier) (To Non-Inverting (To Non-Inverting
amplifier_1) amplifier_2)

d o 1
EU‘VI 5.9 IFI'BBLLﬂiMﬂ']'iV!'N"M‘UENLLﬂ‘ULLﬁJWlé‘ﬂ

NNFUT 3.9 awnsneuiemsldeuesiulouss (connector) 9NUAULLMANS 2 7
galunsiagrvesiadoudevsdiminiuansiatusad

-1 RW way WR Tadmsutlaunsesulwidwmiendndnlulunnuudingn

o o s

- 41 RW,S Wdmiuiadyaaussiulniiviesnanunuudivén (31n connector 1)

o W

- 91 RS,W Iﬁﬁﬁﬂgﬁ?ﬂﬁﬂ]’CUWMHi&iLLﬁlWﬁ’]‘U’]@ﬂﬂﬁ]’]ﬂLLﬂuLLﬁL‘Hé‘ﬂ (371 connector 2)

L v}

[

1 l:l v L2 1 dl Qy = s HJ
unuudlmanildaussiilaseadnesieg - fguil 3.10 wasiisuiusiuaietagud 3.11 Tasunu
1 a wa =
wiminfivunn wavauanURnmnsei 3.1
¥, =3cm
D =8.5cm
a=2.5cm

h=3cm



d=3.5em
A-=axh=25cmx3cm = 7.5¢cm’

I =2 =2m(3)=18.84cm

'

. -

UM 3.11 AULUUTDIMNULIMEN

= ' a i | ) = o = a P
A15199 3.1 AW URRNULmANlAsaBnLUUMS MawRird 2 Aladsnd

24

PIUBIUNY AMITIRDS
uafivan R L(mH) C(uF) Z(Q) | Phase(deg)
R.W 11.0905 1.071 I2 -6.2622 17.0803 48.8486
W,R 12.2011 1.0123 -6.2654 17.5394 459211
RW,S 5.1510 0.0047 -4.1490 5,12356 0.7080
RS,W 1.9951 2653770 -0.0239 3,886.0 59.0925
5.5 4.5200 0.0013 -5420 4.5400 0.2000
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3.4.2 nsinAwsenulnfnaznseialWiiviaonanwnuwiman
Tudruresasnmsinalnusuniuty Tuduneuwsnazvinnisteunsssuidnluluwnu
1 V =y dJ A:ni o YV a L v as 1 as
LLumﬁfmwaﬁaﬂguguLwamumu'ﬂ.wmmﬂssua“lw"iﬂ'ﬂua’lumaﬂ'i'nm waaunsninawsasulun

nilayRenll Paagvihlinsumdandrudnnuseuvenaainiiaiaussiulniiainanuduiug

N, ¥,
a=N—"”=% (3.2)

out out

= as !

| o a‘ b2 s -
g9 a fe onsrauIUIUTEUVRAAIANASILSIAUlHHA (turn ratio)

= €a v v v | % - 1
Faangnsanngnadedlinisunuuiinindegus 3.9 dnszualirlnasgarnnisadine

L (3

wssrulwimilenimeiligugiiuds vlinsuadnsidiuesnszualni Tnefauduiug

RGENARE]

e Lo (3.3)
]

a ' [y} ) | o Y y a a
logdl I, awnsomarlannmsiaussiulwimnaseudadmmmaun 1 Teviulullafoni s

guﬁ 30

3.5 2995veussnuliirwuulinduina (Non Inverting amplifier)
dmsuastignesnuuuniieveedyyinvadnsinuliinuissnanunundivén deu
dnilduszananalululasaoulvsames (dsPic3ora011)  Tagldledeaunenduiin ua7al

dwmsurnasveneusnukuulindua Tneduannsveredyninveussiulni Faduluau

aunsa
AN (3.9)
Rl
Av 18 Vam (35)
v

P A w 9
lned A4, Ao dns1nsvetuusaiy (Voltage gain)
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Ri
2

p Vo
3 -+ UAT4L

(To RMS to DC)
/7 1|5

Voo
Vi I

(From magnetic core)

A 1 N B 1 U »
5UN 3.12 dhulseneureriansversuuulinduma (Non Inverting Amplifier)

@

NFUN 3.12 wudn ¥, Wuniliidesvan uas Vy  Oulvidesay wasindygiu

wsadulwiineiesn (Output Voltage) 3wl 6 ileuiunsdmudilavedledeeduaudyila

Qs

uA741 Falunastivziadnnsveoussiundaminnia 1 nelddnseanuuulinigui 3.13

d U Lo ! @
JUN 3.13 Aunuurensasveneussiuliihuuulinduina

shata lunsveredynussiuliiivreenatnunuudmdnifiodoudisesvesuseilni
wuulindua Fafidn 700 fadliad Fesnismersnsinsveedugiausaiulii (Voltage
gain) wazA1uIM A sulHHIvI80n91n2995H Taednualdldainudiuniuded
R =1k uay R, =5kQ

R
AINFUNT A =1+==
1

wnuA1 R =1kQ uay R, =5kQ

5%10°

azlan A =1+( -
1x10

v

)

A4 =6
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INAUNT A, = Vo
Via
wnuen ¥, =700mV way 4,=6
agléin P
700x10
V..=42V

out

2/ o U/ s Ad 1 U s ] _
denlidnanisvenedgyanaussiulniddivunndu 6 wih @inAussiuluih 700 fad

3 1 eJ o v 1 | o a a:i L7
Tad Wy 4.2 Thad) Aeunazihluitinrsilasarsinfigesvesinasassadsvosussiuluiindy

Aseanulniinseuanse (RMS to DC Converter) Tugdqusialy

' Y o o0 as = ' )
3.6 2135ulasAusUliTIndasuesiidsdssadsludussnulniinszuanse (RMS to
DC Converter)

s

lumseanuuuasesifesnsuduaauids RMS Sienal) Tdvansvuadieliannsa
hluldmilddusiluseduiioahad nsdiidganamudfouanenuagadviess aunsauiy
aAliMUIZANMIBTTUUILTIFY (Voltage Dividen) TnsnasTdifadumumasiiviasimumi
wuuysuala Ehuﬁfyzy'tm‘u'maﬂmn'mifgam*ﬁnL%'anﬁ’m_,npmLﬁaﬁﬂﬂ’lﬁmu"l,ﬁuawgﬂLLUU
iy Fyrvidriignuens (RMS signal amplifier) , sunsdyangeanvasgunaudlidnan
(V) wSedmanusaiuag (DC output) Tudadrufurnd fidents wWelduuizdmsuns
Ul s Tnssasideanisunasseluuuiion (dhe 9-15 Vo)  Widesianisadng
wvdang BedldnumsuuiRnueneasingui 3.14

Input Output

—» T\ o\
TLO74 "
Vde

—» RMStoDC [—»
Input 3

Sinusoidal LR = I: Vrms
Signal

JUN 3.14 LuIARYeNAS
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3.6.1 UAanlaazunIUYDINNTNNTY

&/

W ° < - o a [ F7 -
aﬂwmz‘umﬂ’ﬁwwﬂ‘uwaéuaaﬂlﬂ’eJBLLﬂ'ilJ“UEN’N’i]'i‘lm\‘i‘i‘l.h/l 3.15 1sunAIuUgele

U

o = ) Shov & s a 2/ ar
yaraufaunsadeuliiuieesila 1wy sedionna , gunsalnsiaianszua uasviloudasinly

v o ¢ | e v ) <
6V , 9V wie 12V Hudu Fegunsalmadlidygmesnunluliihnssuaadulugumauland

=3

(Sine wave signal) \ialddyanamuiideinisud nazgﬂa‘qﬂﬂulﬂé‘qqqﬂsﬁ’ﬂugﬂ (Coupling)
Welildamzdyaravesmsniideesiddonads (RMS signal) aenafien udthdmgai
eluvene (Amplify) Wistuls Weldldwunndyaaveeniiunzay wasdyanuiladaztily
199sI3BansEuaLUUASIARY (half wave rectifier) Lﬁalﬁﬁmcgnmﬁﬂmm%'iL'%fENﬂixLLaLLUUﬂ?a

« =3 L] 1 Y] a6 ] G‘j a Vo
AAU Nz lURUIsIInasdya A uiasnu (Low pass filter) Ineludunouilay A EUEY 0
nlj 5 o o A vé’l 1 s I L2 ST - o v n‘
Ve Wuies anthnhdngin v, ldddsihulugnasudussiu (Voltage Divider) wiieyimiii

YT o [y v ¢ o Y] = - o v i "W
U‘iuaﬂa’mafl&lmv’lmmLm IﬁﬁﬂiwuﬁﬂULLiﬂﬂu’U'}aaﬂW%@LUﬁUULﬁﬂJ@u’]QﬂﬁﬂﬂquaUﬂ?WW%BLWWﬂU

o at qy'
1 @MMTUNITY

1 2 3 a4
+Vec 5+Vcc Ve ; #Vee
,L\ ’[,\ PSS, G Vpr0.707
=) i
| Asna |
Vec
Sinusoidal Amplifier Half wave Low pass Voltage {DC OUTPUT
A} Rectifier filter Divider
Input)

d o
JUN 3.15 uienlaezunsunsyay

3.6.2 YUABUNISNI9TUVDI9DT

'
s =i

A o v U ﬂJ L2
nestugun 3.16 Wunsihdgygriuildannvdeuwdanasesianseua (Current

v ! a & | o o v
Transformer : C.T) wunlaZesuuoudeiin TLO74 Turii 3 Tnweelusuddiuiiasvimiiidy
o Y YY) P ! o « | | v
ISV WEAYYIUMIENITUTUTRTINITVEIEN VRT Weladygrnaineeduendludiun 1 udn
1 o ldl 2/ -4 1 s a1 d A dl
(174 TLO74) wdedyayraunlateinu R1 wWhludeadwenddiun 2 (2/4 TLOT4) #nn 5 &4
1 c’lJ o v o s - v v =t ﬂ' e
sevuauddiashmhiiGunseuadygrandoudunludnuuzaiendu (Half wave rectifien)
A o 1 5 o s ;d. ¥ 1 s ot 4 é 1
wazoonudIuuie TP2 - antuidyauiladdludnssnsesdyyimunnudeisiu (Low

o 1

pass filter) fisumus C3 , R2 , C4 Tudnwmgaeasnsauuunis (Pi filter) wardyanadiléazgn

v
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o 2/

dsludfoauuonddaud 3 (3/4 TLOTE) vl dudWines (Buffer Amplifier) dayaaiiléann
=

Twilesuenddaziua v, andudyyin v, ssgninundeuiu VR2 Fewvihmihiduiosuus

L 7]

WSaRU (Voltage Divider) 3auuaussulvivingu 0.707 wirvesussiundoutnun dununealny

Maglirussiulnnse veazlaa Voc = 0.707*V, udnhuswiuilianniasiddudadinimesdn

g 1 d v = o s o d: 1 3/ s ¢ =
ASIN (4/4 TLOT4) wWalwiluSununseuaunwadmsuinhluieusanululasaoulnsaiassiie

=

Useananatugiusaly Jalaanuuuieasinesuy 3.17

U

1 2 3 4

c1
+Vee o

TP1 TP2! TP3 P4 P5

R1
10k 5 2/ TLOT4
IR 3/6 TLOTS
i 33K 10 4/4 TLOT4
: B S—AAN Ve (To
s 2 b dsPIC30FA011)
(From non inyerting 1NA148 14 _}

J% mrs 3 |

10K | & TOULIF TOUUF R3
l 10K,

E‘ s 1 o dl o o ‘ll 1 u
JUN 3.16 WaTn1IuUal UIMINAMTIAUSINTIdD I BIRasERuad s TuA L Ul

N3%LLERNTY (RMS to DC Converter)

SUT 3.17 fuluuwaasas RMS to DC Converter



30

3.7 2995N1sAIMAduRLauganlulasraulnsaans

s

1 -] ! (3 o 2/ s 1 nl
duvanasimunuaaldlulasreulnsaiaesuiminilunisiusmduaiaerundend

Taann1sia udrduuwvandudyaraduidneadieldlunisAuiuaduiuaudunsszuu

as o

519 Inedynuezundendiviinisiusiidefuaesdugiuie  dymiuuseiu wasnsvua
éhaLwaﬁﬁqﬁaqﬁQWﬁmwLﬁaﬂluiﬂsﬂaﬂmaLaaéﬁmmsn%’uﬁwﬁmmﬂmasuwﬁanﬁgﬁaaaﬁmwﬂm
linSoufuanldo ieldnrsunmadufinaudilddanugnieuasauysal 3aldidon
lulasmoulvnsalaedgu dsPIc30F4011 wildeuiesaniinnaudfiemerenisldou Tned

o at v 5 o A =l o ¥
dmIumsldnurianun 40 adagun 3.19 uasiinaaudfinigludsil

Wululaspeulnsataasildsuszananaiuy RISC

i
[ I _a =

- mmﬁﬂumiﬁﬂmuqaﬁq 30 AUAEIRDIUT

=l = L3

- HuaARNaLEamsTUIR 40 UR 2 §

Y

- Imhgdssnananunisaauagvistay 17 On

- Thaswindteyar

U

« L3

- flndwesanniwesauin 16 Un 5 fznursansldusuiudulnives 32 On

a o & =
- 3 84 AdINILBALYNURNINTFIU
goadsiivuig 24 Un anansadszananateyala 16 U
fdwhganudnlusunsunuuway uin 48 Alalud x16 On

] [

wihgmmdtayauu ROM 1uia 2 Alalud x16 Oa

1
=p

- fwmheaudrieyauwuy EEPROM wua 1 Alalus x16 On
- IBuwassudnnines 30 uradunessusd

- fhesasalidsininivuauuuTusunsuld

- fwnei-sauien wneu-ndues uavesadalawmesansnsu-lndwes
- fhesdhoninduesiusunsule

- fhwmdeuMsinauvensIsiudadygyrautin

- sesiunsisunsuluneasuuueynsy

- gunsadenivuanislgwdenuls

- flugansdunasiUieulfisudyganines

- flugaadidyyiu PWM dwmsumunuusnes



31

flugauUasdygyruezundenduidneanuaziden 10 On
A 2/ 2/ s g
flugadieansvayauwuvaunsy UART wioudwiwasuuu FIFO

< ) 3
flugadeuraitsauuuaons 03

37
Ls s

fidudeudegunsnleynsuviauuu SPI uaz I°C

9

MCLR 1 1 \_/  40b Avop
EMUD3/ANO/NVREF+/CN2/RBO [ 2 3910 Avss
EMUC3/AN1/VRer-/CN3/RB1 [ 3 380 PWM1L/REOD
AN2/SS1/CN4/RB2 O 4 370 PWM1H/RE1
AN3/INDX/CN5/RB3 [ 5 361 PWM2L/RE2
AN4/QEA/ICT/CNG/RB4 [ 6 350 PWM2H/RE3
ANS/QEB/IC8/CN7/RB5 O 7 Q. 3400 PWM3L/RE4
AN6/OCFA/RB6 [ 8 % 330 PWM3H/RE5
AN7/RB7 O 9 P 320 Voo
ANS/RBS [0 10 (] 31 vss
Voo O 11 8 300 CIRX/RFO
vss O 12 T 29[ CITX/RF1
OSC1/CLKIN I 13 N 28 1 U2RX/CN17/RF4
0SC2/CLKO/RC15 [ 14 S  27[0 U2TX/CN18/RFS
EMUD1/SOSCIT2CK/U1ATX/CN1/RC13 O 15 o 2600 PGC/EMUC/UIRX/SDI1/SDA/RF2
EMUC1/SOSCO/T1CK/UTARX/CNO/RC14 [ 16 251 PGD/EMUD/UTX/SDO1/SCL/RF3
FLTA/INTO/RES ] 17 24 1 SCK1/RF6
EMUD2/0C2/IC2/INT2/RD1 [] 18 230 EMUC2/0C1/IC1/INT1/RDO
OC4/RD3 019 22 0 OC3/RD2
Vss [120 21 Voo

JUi 3.18 ms¥avilinuvedlalasneulnsaiaes dsPIC30F4011

lnglugadAgiigmiunldlulasunuiife luganisudadygiuezundendufidnes Tny

o s ‘J = e, o/ ! ¥
figulaezunsunavieudazuil 3.19 uarilnuauifssioluil

=l s =3 & aa aa al o ]
ihasulasdygruesudeniufdnoaniinnuaziden 10 On 9 ¥os
T8 nsuUasdeyunninuudszanaen

=l as o o/ 1% 1 _a P
f8nsndrlunisudasdygn 1 ausedundiduly
fgnsnialunisdudnygnmgedn 5 uaugaretuni
fhasdudygrnuasifivindygyia 4 g wavasodudyaalindouiui 4 4o
fitvasvun 16 3sa uReausnsessudeyailléninnisulasgedn 16 yadoya
Mvuansuaedelansnaelulaznieuen

mvualiihauldvaeidgluueady (sleep)



22

AVoo AVsS
O,.-"
VREF+ y»ﬁj—
L
VREF- %
i
ANO E mo _)--"":3 > -
SH »CHI | _( ADC
ANG .~ > Y "l
.'_ou" ~r prosmemy
AN1 AN1 P B 10-bit Result Conversion Logic
&J AN4 :;S‘ e oo
s > CH2 | -
AN - - ~o—t & g =
= 16-word, 10-bit [~[© 8
| M _ ™ Dual Port
Bufter - §
AN2 AN2 .~
& ANS ¥ vl
<G g, 1 ¥
ANE o . ~tr—4 | CH1CH2, -
CH2.CHO =— Sampla/Sequence &
Control i
input
swilches e ll'lptﬂ Mux
AN3 [E Control
AN 5] e
ANS E
"ANG [}
*ANT @
*ANB [):(}

‘J o s aa
U 3.19 laezunsumsvirnuvedluganisuasdyauesudonduiines

audaulunisiiunldauasiimssudyiuuseiu uavnseua Whiinesa 8 Jadu

wosnIudygruevundon Taasioid1fivn RBO way RB1 amdnusagui 3.20

ADC
V
(From Rms to DC | - ANO _— v LCD
Converter) > AN1 = I 3
dsPIC30F4011

:‘I d 1 o Qs a
JUN 3.20 nswwensedygaustuLarnsyuatiululasreulvsalaes



35

Imfl.u'ﬁgumaumi’l,'ﬁ’mu‘lu@aLLanﬁ‘muzyﬂmasméaﬂLﬂuﬁﬁmaaﬁﬁauﬁwﬁzyﬁﬁaaﬁwumms
i fie Msimuanatlunsdudyaia watlunisudasdygu werlnunnsiaueeinis
wlasdygyns Tnedeadenialunsgudyyiu waziwUasdanaliifemedenisiaielvand
lWa1nnisinfiaaiugndes LLazm‘nﬁaﬂiwmé’ayzymﬁaqawuwsneﬁué’mmmﬁqaa:;‘tﬁ'w%’auﬁu
\ielvieniiinldnaaniian (Real time)

AIUYDINITUANWNALIUTENTD LCD 16 fdnws 2 ussvia inldlunisudniwaf1dufiuaud
vessvuUnIIIRTdInnsin Tnglumsindedoyaseuing LCD warlilasnoulnsaiaesly
v 4 dadeyadmiunsisdie Jdumslémuiufeninnsdeuserdoya 4 daves LCD
eine1 D4 D5 D6 D7 Wi REO , RE1 , RE2 , RE3 vadlulasaaulnsaiass wazvw RS | EN

994 LCD iU 91 RE4, RE5 vaslulasaoulnsaiaeseudisiv

daundanInNg LCD

VsS
VDD
VEE
RW
EN

DO
D1
D2
D3
D4
D5
D6
D7
+

(

TTOV40€D1dSP
UUUUUUUUUEIUL-IUIJUULIL]IJU

~
M~ 1
s |

lnuA1 REO, RE1, RE2, RE3,
RE4 waz RES fa 11il 38, 37,
36, 35, 34 uag 33 U4
Tulasaoulnsatae fn1uddu

16 25
17 24
18 23

[y
w
~N
)

annnnonooononNnnNanonoonnnn
hhr L RLBowomvuaunsrwmek

~
o
N
=

i EJ 1 v vV
JUT 3.21 mswendeniiae LCD wWaiululasnaulnsaiaes

d o & | vy Y = o ] & Y
IﬂﬂLll@U']Vl\‘]aﬂ\ja?UNqﬂigﬂaUL’Uqﬂ?ﬂﬂu 311“:]\1ﬂ']ﬁL’UallWa']ﬁﬁ]ilWLaEJ\jLLagammqm
o Ve L4 - ] qll) EY 1 3 2/
widnuiiululasreulnsames uavieusisliidssemiiae LCD udazlinsasauyarednias

° | o P & oo o ] ) a
ﬂWU?mﬂqLLazLLaﬂ\?Naﬂ\jgﬂw 3.21 ‘ddﬂJﬁﬂ‘HﬂJ%’UﬂdN%ﬂ’lU?ﬂJﬂ’lLLaxLLElmNaFN‘gUVI 322



34

dauuanana LCD

+VCC

10kQ

-

MIIF

PR
8

Vs

oL

VE

RS

RW

EN

Do

D1

v2

m

04

5

D6

i

% +
o

iilOkQL \i
|

From Rms
toDC 1

From Rms
to DC 2

t

il L]
nnn

ann

+VCC +VCC

10

0
TT0v40€DIdSP
@ e
j] OTTTTTTTT

11 =]
0.1pF== . 20 0.1uF

73728 hz o =
14 a3
DH O 23
22uF 22uFC] 16 253
F - a [

[ BT From| +VC_C

[ BT Fram| T
21

:
]

=0.1uF

-

UN 3.22 3995ANUINAT LASLARNINE

CaN

gﬂﬁ 3.23 AUWUUINITAIUIIAT LASLARING

3
L] a

AUVDINISEULUTUATUIND ATUI AT DUNLAUS WALLARINALUINSNNISAD SUAI

Ty musedu uaznszuathluiulilulilasreulvsamasimelugaudasdyanasundeniu

v

=

Admea laon1silsulusunsuierimuanisiiauvedluga andudunis@sulusunsuiiie

AU AN DUR WAL LA INANNNS

7Y (3.5)
I

TumeugneIziumadoulusunsuieuananadnsanduiunudAldainnisiuiuniy

[

WINILERINA(LCD) lagaunsaunandasutunoun s ulusunIuasuauly (Flowchart) sl



33

( ) ()

Y
ey & d_ . )
AvuaAT3iamesilssduiie Myuadyyrauninuae

ATIRAD UANUSNSWUANAY Y

fmuAmuanIinaTy

il

14

A 4 h

r

P P
fuanisisuvedlugaudasdy graesunasndu
Ainoa waznisitae LCD

thanfldunduaieges = v/

r

Gumsqudyyrumauiuis 2 dygam

A
@n%duﬁmmm
L

r

|

laila

vinsuuasdty yiuusaiu uazstudind

Y
@nmmmﬁmmm

T4

Y Y

I Y

uanaHan AU A BN RuALY

\/‘ |
v

Tl

viinsuvasdtygmnszua uaztudind C Fie )

e o i

= v o | w S o Y1 a o
Taglums@eulusunsulamvuatalunisiaolassadsulalva1dufiuaudniny

JUN 3.24 wnudsdduuneunadaulusiunsy

L4 L4 U ! -] 1 -4 1 o -4 L o/ 1
1 Toviu Wuansrndu “Low Impedance”  ifmumduilinsglifiausudundesinen
a a ¢ 5 | ¢ ol a1 o 1A ° val | o | a
suiiuaudsnnit 1 leviu iliesandardininnuinsgrudinualiliaiaauniuniuluifiu

1 I a a rq‘ 1 1 " ».° 1 a'tl I
5 Tovin druanBuiiuaugiigendn 5 Tevin Tiuansandu “High Impedance” fvuaiuiiingagl

I}

o

2 owv v | a a ¢ | & o = = v o ar PV '
umma%ﬂuwmm’mmauwumuﬁqqLuaqmﬂLﬂummnummgm'«Nmaamﬂﬁiﬂimm Ad7UAN

=

= =l ] = L3 L =) e L%
dufwaudnedluyie 1 i 5 loviliuanrduiuaudeanuiiiensasgeuanulasnsiovuassyuy

AR



UNN 4

ATIVNA[DILLASNANTTVNIAA D

J a o §
4.1 Msneaeenasitiaduainguadulaud (RC Oscillator)

o U

Wunsveaesiitomimeuiuniuwasfiiuussaiumugauiunistdenu §eieanis

Feyoyrugumduledndiennud 2 Aladsed lnedwesdgui 4.1 wasliounsalnmvnaesinegaail

fmumulsuAlaun 1Q - 2 M7
famumuusualavuin 10 kQ 16
AiuUszguuIn 0.1uF 3 617
paUuouduiln TLOT2 16

wasselvdeanszuanss (OC Dual Supply) 1 LA3Bs

poadalaalay (Oscilloscope) 1 1A301

'
o =

dmsuteasileantuuldaruiiaiug 2 Alawdsed aannanaldluund 3 Faldnuue

AMIwaIENT (A1 R uag O Tureassaguil 4.1

XsC1l
XFC1

XMM1
Vv == 1123 J
VvCC E* i g ExiTog
R3 i
AN
J umsm =
i I
|
c3 c2 c1 = ! Va4
__l L 2 e
! T TLO72CP
0.1pF 0.1uF 0.1pF ;
R2 R1 e R5
2500
4250 4250 VDD

5U# 4.1 MminaasnasAiuindyarugundulyiaialusunsy NI Multisim 13.0



aF

412V < >
Chamal A Chamrdl B

Time
g :: 0.000s 0,000V Reverse
| 50.000us 16,306 mV
i Q s 1271 50.000us  16.306mV Save XL, Figger
—_ Timebase Channel A Channel B Trgger
Scale:  00usDiv | Scale: 5 VIDiv Scale:  5mV/Div Ehe: [£] [A]B Ext
X pos.Oiv): 0 ¥ pos, Div): | 0 ¥ pos.Di): 0 Llevel: ¢ v

® 4+
®

oo (X add e N8| aci 0 [o€] @ ac o[oc] -] [Sede] homal Ado Mone

d o = o | v .
JUN 4.2 namvnassvensasiilndyanusuaaulediielusiunsuy NI Multisim 13.0

asey

U 4.3 namsnaasvenesitdndyyngUadulsdildainnsufoiae

\WawSeuifisunaniinaaosszninglusunsu NI Multisim 13.0 wazainnisufinageds
U7 4.2 way 4.3 wuinsastiaanseaiussiuludneussuaduladldnuanudildesnuuuly

.:q'
71 2 Aladsng 531\‘1‘1/!'11@7\]’]ﬂﬂ'ﬁU'ﬁUﬂ’lﬁl’]ﬂﬁUW’mLLﬁ 'lwamw's.ﬂmumwnmumlw

4.2 ANSNAABINIDATIEIUIIUIUTIUVDII995A 909U lrAA

dwiumsnaaesilldussiuguaiuleinutouin 2 Aladsed Wuunasdielii wom
IR 518 UBITIWIUTBUINNITATIUTIAUTEI il sUguduasiliwieananunuwimdndagy
&4 o

4.4 F33aUnsain1sNnanInall

1

=b.

\n3BanLilndtysyad (Function Generator)

I = a v W I's
LAULULAANANNUTENALLIEE (Kumwell)
aeunndAu 1 vy

oadaTalaalay



38

RW S RW S W RS R W (U\)
R, ?O

‘J s ] v s
EUVI 4.4 31NTNTNAADINIDATIFIUTDUUDINITAINUIIAY

4.2.1 NANISYIAABIEINTUNITUIDNSIEIUTIUIUTDUVDIIIDTHI1TIAY

A o . L2 1 o v s
F197199 4.1 HanN1TNAANEINIUNITUIRATIEIUITUIUTDUVDINITATNLTIAU

) n) =N

NZ
2.01 79 25.4431
2.02 80.1 252185
2.03 80.7 25.1549
2.04 80.9 25.2163
2.05 81.7 25.0918
2.06 818 25.1834

INATSNT 4.1 WUIIAITATIAIUTIUIUTOULAALVDINATASUTIIY (a) HAUNIAY
25.218 uaullaviuen ¥, Tigetu vilven 7, geuauluse dalanuduiusiuludnuasida

LAY

4,.2.2 ﬂﬂi%ﬂﬁﬂﬂ%ﬂgﬂﬂ‘s"hﬂ‘ll‘ﬂﬂﬂ‘i&ill.ﬁﬁﬂ'ﬂﬂﬂl"!'\]']ml.ﬂumaﬂ (5 - UazNTELEN IAakiY

ouf

Aaduny (1)

Wunisneasafienisnsidiuvaanseua lnen1staunsssulndninierdndlulu

y a o aw

1 2 a ar P
wnuwslwdnifinseualwilvaluaevisilafogl Sadidnumrvainsmaasdsgui 4.5



@m

o =

A 1 s 1
JUN 4.5 nsvnaaamAsnsiamvaInseualni

=
A1519% 4.2 nan1snaassvenseialui

{ R.. Ris
i 3

ANNIUATUNIU ks 4 Y 5.9
(Taviy) (mA) (mA) Lo
1 691.0 75.7 9.1281
2 380.0 38.2 9.9476
A NG 7 25.2 10.4762
4 202.0 19.0 10.6316
5 165.0 15.5 10.6452
6 137.0 13.0 10.5385
7 120.0 1.1 10.8108
8 103.0 9.58 10.7516
9 90.4 8.32 10,8654
10 81.4 7.49 10.8678
11 RES 6.78 11,1357
12 70.0 6.26 11.1821
13 65.4 5.85 11.1795
14 61.1 5.36 11.3993
15 58.2 5.02 11.5936

239



40

RNAITNA 4.2 WUIIAIDRSIAIULRAEUBINTLUATAIWNAY 10.7435 NU18AILIAN

nszualwiieenanunuusiman (7,,,) dandu 10.7435 whwesanszualwimsilafogd

= =4

n] 1 3 =.i' el o o L = 1%
(1) Wwenmnszualwimsaosilasmnuduiusludnuuzidadu waziidnszualniranas 1l

Usueanusiumuiniy adulumunguestery

4.3 N15AaRNRTvEIEusnulIiuuulinduwa (Non-Inverting Amplifier)
AUITAIATDINITNAADS Aa LpvnsvuAvesdyIuuwssiuludnyueAlinduwaniue

DN TINTTVYIBUTIAUTIANITOAINUA LA INNFEBNAIATUNNUNIDLUNITHDIIDT TINANWUZA

gﬂﬁ 4.6

XsCl1

XMM1
v VCC 9.0V BE EE o
1.37Vrms eie| BRSO T
2kHz y1 »
2 = |B l'l-
R1 _"L
AAA o
i 1kQ -
L X UAT741CP
VDD
v
R2
A

5kQ
= [ " 3/ VB
5UN 4.6 nsvaaensueksiulniuulinduwlanlslusuasy NI Multisim 13.0

Multimeter-XMM2

706996 mv |
(w] ] {a] =]
==

+ -
° Set.. |

Multimeter-XMM1

: Az Vo

v

;; ::‘ 125%.: 5.9«;'.7A 990.019|_nBV Reverse z :

| 125.000 us 5.940V 590,019 mv I | I
T2T1 || 0.000s 0.000V 0.000 V Save _ A [I] | @ da
Timebase Channel A Channel B AL
Scke, | 20WDN | sl VN | sl VOV | e () A8 |
Xpos.Oh): @ | ¥pos.On): 0 ¥ pos.Ov): 0 [teve: [0 v 4 : B
[vir][add) eia| A | [ac] o [B€] ® [ac|o [BC]- o [nge] tomal Auko @ Setirs. | o

rpeeresy

JUN 4.7 sansvaaesransvsvenauswiuiiihuuulindumasniglusunsy NI Multisim 13.0



41

o
—

Tee hec

A s 1 . dl 2/ a wa a
JUT 4.8 nan1snaaevensveewsssulWinuulindumantdannnisujinase

1n3U7 4.8 agwuindletoudyainusdulwiiendl 707 fadlias axlaadyyiu
usssulnihvreanainisasveedygranuulinduwaia1viadv 4.3847 Thad WewSeuiieu
| o | — v Y {
5EMINGUN 4.7 uaz 4.8 Wulwan1smnaasanlusunsu NI Multisim 13.0 larussiunioandil
1 o | aM Y a wva a o s . - '
AMUdUEININAINLAUTRY3 AIuAIdRsIN1IvE8TBILIIRuUlNTn (Voltage  gain) Miflen
1 st A 1 i - ot | v o L =) ¢
Winiu 6 1199910199571 lunsneaeIaseaegun 4.8 laldiasiuniuy dawaud dadl
- a | o § vy ) P Vi T a = i
wWesigudnuRanain (error) ag ilauswiuneenildudiesidusininuianainfiuinnii

N3 LElUsENsUd@MSUNIseaaanasidamulumesmiauanslilunisienisiuSeudisun 4.3

AN 4.3 nansiUSsui e sTsedu sl uuulsinguina

A sl gn Awsanulniueen (V) ANUBSIURANURANETR (%)
(mV) NI Multisim 13.0 | #UfoRese | NIiMultisim 13.0 | #UfURass
707 4.2420 4.3847 0 3.3640

4.4 nsveaasnvsLUasinfidesvasidsaesadedudilniinnssuanss (RMS to DC
Converter)

dmiuaeasidl 2 s delidmsunisiudusesulilfiivisen Output  Voltage)
1 2995 wazAnszualniinvieen (Output Current) 1 2993 lnenisusulianmniiaesueeings
asuade (RMS)  dAwinfuarluiiinszuanss (DC) anduthassaddeudaluly

Lulasaeulnsaiaas (Microcontroller) WeuUssuianaludiuseludsgu 4.9

Microcontroller
RMS to DC

) = — dsPIC30F4011
Amplifier Vout , lout
&LCD

Non Inverting

Magnetic Core

3‘\Jﬁ 4.9 VAN lADYLNSUYDINTITNAABIFINSUINAT RMS to DC Converter



4z

XscCl

VCC 9.0v

uic
TLO74CN T J
: | TLo74CN 4
V1
1Vrms 1N4148
2kHz
o
R1
R7
K‘ﬁ 10kQ
50 %

/,*\‘\' Af//,‘.\\ /f ‘\ /f \ o —
\ -//:\«~ / 7 SNC =
.5 \ ,/ 'v/ \,/ “Am ]

£

B Time Chamel A Chamnel B
Ié € 27.220ms 2,562V 1.217V
€| 27.224ms 2562V 1217V
T2T1 0.0005 0,000V 0,000V Save
Timebase Channel A ChannelB _ Trigger
Scale: | 200usDiv | scaler |2 Vv Scale: 2 V/Div Edge: [£] (a]B Ext
Xpos.O):(0 | YposOWk O [YposOn): (0 levek [ v : [ set. -

(At oin a8 AC|0BE] * ‘ac o [Bd)- o gl Normal [uto]tone

31.I=7i 4.11 WanN1SNAARIYDII935 RMS to DC Converter malusunsy NI Multisim 13.0

NATLSIPUV NI VUIR 2.5 1780



a3

5005V

Y NN NS N | W]
LR . s = =)

: 4.906 V

<

T €D Time Channel A Chamnel B T
S.265ms 4,909V L1315V

T2 € sem0ms 4907V 7.0V A | Q| | dB

T2T1 393.939us -1.213mV 5713V Save " — t

i trigger

Timebase ChamelA_ ChamelB Trigger ~ | [=—]

Sce: 20UV | Scoe: 5 VDY Scde: [SVOV |5 ke [F]% [A]'8 et

X pos.(O): 0 | ¥ pos.(Oiv): O | ¥ pos.(on): 0 level: g I ‘." [ Set.. -
- L I

[/ asd om A AC 0 [0C] ® ac) o [oc)l-| @ SegleNormal [Aute] one

SU#l 4.12 HAN15MAABIYDI9A3 RMS to DC Converter felusunsu NI Multisim 13.0

ei 1 L v &
NAMTHUINDIVUIN 5 TIan

=l A awva a o) o v
U¥ 4.13 NaN1TMAABIUDI199T RMS to DC Converter UJURIIY NIATUTIHUUNT

(9]

uA 2.5 1an



a4

a wa

= = a . W )
E‘U“Vl 4.14 Han1IMAADIYDIN3T RMS to DC Converter ‘V]ﬂQ‘UGﬁ]i\‘I VAT INUUUN

- i . a wa
A135197 4.4 nsiUisuiieunanisaaedseninalusunsy NI Multisim 13.0 waza1nnsu{oR

UM 5 Taad

3987502995 RMS to DC Converter

V. V. W)
neaamluInTy IVHRGRER

(V) NI Multisim 13.0

0 0 0
0.5 0.514 0.49

1 L.U25 1.01
1.3 1,555 1.54
2 2052 2,17,
25 2.564 2.60
s, %.075 3.14
5.5 9.59% 3,59
a4 4.094 4.04
4.5 4.604 4.32
5 4908 4.51
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R R dalaeld Multi-meter R #1¥nlsiann Error (%) diawisuiu
ARVATINT] AuLUULAS el
SANWA | FLUKE | YOKOGAWA & SANWA | FLUKE | YOKOGAWA
(Q) % (Q)
Upunnn 1| 0.2 0.1 0.12 Low Impedance - - -
1 Tl ™2 0.98 1.015% -7.6636 | -15.3583 3.6429
2 2.1 23 1.97 2.0015 -4.6905 | -12.9783 1.5990
3 3.1 3.2 297 3.0357 -2.0742 | -5.1344 22121
q 4.1 4.2 3,96 4.2536 37463 1.2762 7.4141
5 4.9 5.2 4.95 49798 1.6286 | -4.23246 0.6020
11NN 5 6 6.2 5.95 High Impedance - - -
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Y d A4 o 1 a A ¢ 1 v
lunisveasdlassuduluuinIodioinA1duiuauduasaiansiai Usznaunie
935 uatedums i Ingluudazisasaziintninisyinuiuaneteiy Jeazeduieis
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a P o a o < . o v o v w
Suduiesidedyaaguaduled (RC Oscilator) sgviwindilunisadadyayin

) < ¢ o v v = o a w <
wssrulwirguaduleinanudimnzauiunislinu weziliewiniesiilindyyraguaiu

ad i dalwi s awediaz duunuudmdnlfindsaiussdu Fefasldrasvens
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gunsaiussveaiesiodadnisiuddslwihgeiludinsduiudoandsaulvi
2995udasAsenulnTnsenaadudunswwulnmnsaiidaddalunisvinauldaiunse

v e o
wuasusaundAngsla

as 1 5 d! -] 1 ar
n1ssuAtvaslulasaaulnsatassifiounluAiuluainisasulasauseanulniii

'
[

o [ Y di' 1 7] ai Yy 1 o YV oo = qsl.v s
nsziaaauldunssaulnnsailaruseaunladaidn nlmananuisneulunisin
- :l' " [ v oaw Y = J
Tgwiamnaudisuniuainauiea (noise) MinlvAinladiannuiniiey
Jymidinuanuenvesasly szviliniiaussiulnen (Voltage drop) dewalimd
ToHanuRsLNey

aa

ql‘ a 2 ar o Ve  =f sd o/ v .J = o =l a A
nndgmiiatungdavilafnatadsmsuiluiiewmuliiaiesdlotaiiuszdndamw

dgunsalfifimsAurndaluiieh wu 2msae1einds aswasuldlfimnzay
Tumssumaunsaldlilaseeulnsaaesamnsaviissuls ddvuadisnin wWu ns
gauldn (offset) usasulinauan
Tudgmidesmuiiannsouilalaeldaeesnsesmuiuuuuusinig (Band pass

d A aadw 1 v oA val v
filter) \iWeidenAuRNFRIN1SUNLA el Aidualdfianugnios

Jgmanglvgnaansaunlalaeyinasdunsiuusuvideaiieanuseiulninan
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TLO72
TLO72A - TL0O72B

LOW NOISE J-FET DUAL OPERATIONAL AMPLIFIERS

= WIDE COMMON-MODE (UP TO Vcc™) AND
DIFFERENTIAL VOLTAGE RANGE

= LOW INPUT BIAS AND OFFSET CURRENT

= LOW NOISE e, = 15nVAHz (typ)

= OUTPUT SHORT-CIRCUIT PROTECTION

= HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

= LOWHARMONIC DISTORTION : 0.01% (typ)

» INTERNAL FREQUENCY COMPENSATION

= LATCH UP FREE OPERATION

@ e

» HIGH SLEW RATE : 16Vijis (typ) N D
DIP8 808
(Plastic Package) {Plastic Micropackage)
DESCRIPTION ORDER CODES
The TLO72, TLO72A and TLO72B are high speed Package
J-FET input dual operational amplifiers incorporaling Part Number Tmﬁ';f}?;um N gD
well malched, high voltage J-FET and bipolar transis-
torsin a monolithic integrated circut. TLO?ZM’AMI’BM SRNg | e
The devices featurehigh slewrates, low inputbiasand | THO72V/AIB e [ G |
offsetcurrent, and low offset voltage temperature JLOTRLIAGIRG IEATON - )
coefficient. Example : TLOT2CN
PIN CONNECTIONS (top view)
1 E j 8 1 - Qutput 1
2 - Inverting input 1
3 - Non-inverting input 1
& E 4 -Nco
5 - Non-inverting input 2
3 I: 6 - Inverting input 2
7 - Qutput 2
8- Veo!
4 E cc
19

December 1998
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TLO72

- TLO72A - TLO72B

SCHEMATIC DIAGRAM

Nan-inverting

input D
Invertin D_._I'_J
inpu ]

Voo I [

~~
A

—{"] output
B0k J 1/2 TLO72
ot
| Bl
¥
.
~
. 8.2k H A
1.3k 35k H 1.3k 35k | | 1002
VCCV Ij :
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vec | Supply Voltage - (note 1) +18 \
Vi Input Voltage - (note 3) +15 v
Vid Differential Input Voltage - (note 2) +30 v
Piat | Power Dissipation 680 mwW
Output Short-circuit Duration - (note 4) Infinite
Toper | Operating Free Air Temperalure Range TLO72C,AC,BC 010 70 =
TLO721,Al,BI ~-40 to 105
TLO72M,AM,BM -5510 125
Tsg | Slorage Temperature Range -65 to 150 °C
Notes

1. All voltage values, azcsﬁt dilferential voltage, are withraspact to the zaro reference leval (ground) of the supply voltages whera the

zero reference level ist

e midpoint between Vce' and Veg

2. Differential voltages are at the non-irverting input lerminal with respect to the inverting input terminal,
3. The magniude of the inpul vollage mustnever exceed the magnilude of the supply voltage
4. The outpul may be shorted to ground or lo either supply. Temperalure and /or supply voltages must be limited lo ensure that the

dissipation rating is not exceeded.

or 15 volts, whichever is less.

73
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TLO72 - TLO72A - TLO72B

ELECTRICAL CHARACTERISTICS

Vec = +15V, Tamb = 25°C (unless otherwise specified)

TLO72I,M,AC,Al,

Symbol Parameter AM,BC,B,EM e Unit
Min. | Typ. Max. | Min. | Typ. | Max
Vi Input Offset Voltage (Rs = 50€) mv
Tamo = 25°C . TLO72 3 10 3 10
TLO72A 3 6
TLO72B 1 3
Trie. £ Tamb < Tmax. TLO72 13 13
TLOT2A 7
TLO728B 5
DVie | Input Offset Voltage Drift 10 10 uvec
lo Input Offset Current *
amb = (o] 5 100 5 100 pA
Trmin, € Tamb £ Tmax. 4 10 nA
lib Input Bias Current *
Tamb = 25°C 20 200 20 200 pA
Trmin. £ Tamb < Trnax. 20 20 nA
Avd Large Signal Voltage Gain (RL = 2kQ, Vo = +10V) VimvV
ams = 25°C 50 200 25 200
Tmin. £ Tamp S Tinax, 25 15
SVR Supply Voltag,e Rejection Ratio (Rs = 500) dB
Tamb = 80 86 70 86
Trin.  Tamb < Trnax. 80 70
lec Supply Currem t Amp, no Load mA
ﬁma = . 14 25 1.4 25
Tmﬁn s Tlmb S Tmax 25 25
Viem | Input Comman Mode Voltage Range 11 +1125 +11 +11;5 v
CMR | Commen Mode Rejection Ratio (Rs = 500) dB
Tamo = 25°C 80 86 70 86
Tmin, S Tamb < Tonax. 80 70
los Out[Fut Shon-mrcun Current mA
amp = 10 40 80 10 40 60
Tmin, S Tamb < Tinax, 10 60 10 60
+Vopp | Oulput Vollage Swing \'
Tamb = 25°C Ru= 2k 10 | 12 107y 42
R = 10kQ 12 | 135 12 | 135
Tmin. € Tamb £ Tmax. RL= 2kQ 10 10
AL = 10kQ 12 12
SR Slew Rate (Vir = 10V, Ru = 2k, CL = 100pF, Vius
Tamb = 25°C, unity gam) 8 16 8 16
tr Rise Time (Vi = 20mV, Ry = 2kQ, C = 100pF, Hs
Tams = 25°C, Unity gain) 0.1 0.1
Kov | Overshool (Vin = 20mV, AL = 2kQ, CL = 100pF, %
Tamb = 25°C, unity galn) 10 10
GBP | Gain Bandwidth Product (f = 100kHz, MHz
Tamb = 25°C; Vin = 10mV, RL = 2kQ, CL = 100pF) 25 4 25 4
Ri Input Resistance 1672 10'? Q
THD | Total Harmonic Distortion (f = 1kHz Ay = 20dB, %
RL = 2kQ, C = 100pF, Tamy = 25° C Vo = 2Vpp) 0.01 0.01
Equivalent Input Noise Vollage v
e = 1kHz, Ry = 10092) 15 15 iz
@m | Phase Margin 45 45 Degrees
Vei/Voz | Channel Separation (A, = 100) 120 120 dB

* The input bias currents are junclion leakage currents which approximately dauble for every 10°C increase in the junction lemperalure.

b7
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TLO74

TLO74A - TLO74B

LOW NOISE J-FET QUAD OPERATIONAL AMPLIFIERS

B WIDE COMMON-MODE (UP TO Vge*) AND
DIFFERENTIAL VOLTAGE RANGE

LOW INPUT BIAS AND OFFSET CURRENT
LOW NOISE e,, = 15nVAHz (typ)
QUTPUT SHORT-CIRCUIT PROTECTION

HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

LOW HARMONIC DISTORTION : 0.01% (typ)
INTERNAL FREQUENCY COMPENSATION
LATCH UP FREE OPERATION

HIGH SLEW RATE : 13V/us (typ)

DESCRIPTION

The TLO74, TLO74A and TLO74B are high speed
J-FET input quad operational amplifiers incorpo-
rating well matched, high voltage J-FET and bipo-
lar transistors in a monolithic integrated circuit.

The devices feature high slew rates, low input bias

and offset currents, and low offset voltage temper-

ature coefficient,

PIN CONNECGTIONS (top view)

m

N
DIP14
(Plastic Package)

D
S014

(Plastic Micropackage)

ORDER CODE
Package
Part Number | Temperature Range - 5
TLO74M/AM/BM -55°C, +125°C . .
TLO74l/AI/BI -40°C, +105°C * .
TLO74C/AC/BC 0°C, +70°C * ¥

Example : TLO74I

N

H
D

= Dual In Line Package (nlrg
=Small Outline Packege (SO) - also avallable in Tape & Reel (DT)

Output 1 1 []

Inverting Input 1 2 []

Non-invering Input1 3 [

Vec+ 4 E

Non-inverting Input 2 5 I:

Inverting Input2 6 [}
Cutput 2 7

“[] 14 Outpu

Inverti

Vee -

Inverti

Outpul

(4

ng Input 4

Non-inverting Input 4

Non-inverting Input 3

ng Input 3
13

March 2001
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TLO74- TLO74A - TLO74B

SCHEMATIC DIAGRAM

Ve _|

b B

Non-invertin
inpu J 1 A

gt P

10

73

2009

{"] Output

1008 144 TLOT4

=]

=y
\T/J

d

a2 ] T

1.3k | | ask 1.3k a5k | |100Q

Voo }
ABSOLUTE MAXIMUM RATINGS

Symbal Parameter TLO74M, AM, BMl TLO741, Al BI | TLO74C, AC, BC | Unit
Vec | Supply voltage - note ) +18 v
A Input Voltage - note 2 +15 v
Vig  |Differential Input Voltage - note @ +30 v
Piot Power Dissipation 680 mw

Output Short-circuit Duralion - note *) Infinite

Toper | Operating Free-air Temperature Range -55 lo +125 4010 +105 | 01070 °G

ng Storage Temperature Range -65 to +150 °C

2111

vr.\(ta?e values, exc dwﬂsmnllal vultage are with respect to the zero reference level {ground) of the supply voltages where the zero reference
level I3 the midpoint bel wr.um Vegh a

The magnitude of the input vallage must never oxceed the magnitude of the supply voltaga or 15 volts, whichover Is less.
Differential vokapes are the non-inverting input terminal with respect to the inverting input terminal.

'l;ha atuiput mdae)ébe shortad lo ground or o either supply. Temperature and/or supply vollages must be limited 1o ensure thal the dissipation rating
s not excee:

3




TLO74 - TLO74A - TLO74B

ELECTRICAL CHARACTERISTICS

Veg =215V, Tomy = +25°C (unless otherwise specified)

TLO741,M,AC,AlLAM,

TLO74C
Symbol Parameter BC,BI,BM Unit
Min. | Typ. | Max.| Min.| Typ.| Max.
Input Offset Voltage (R = 5042) mV
Tamp = +25°C TLO74 3 | 10 3| 10
TLO74A 3 6
Vie TLO74B 1 3
T o™ T TLO74 13 13
TLO74A 7
TLO74B 5
DVi, |Input Offset Voltage Drift 10 10 pv/ec
Input Offset Current - note
lig Tamb = +25°C 5 100 5 100 [ pA
Toin S Tamb < T max 4 10 nA
Input Bias Current -note 1
ko Tamp = +25°C 20 | 200 30 | 200 | pA
Trin < Tamb = Tinax 20 20 | nA
Large Signal Vollage Gain (R = 2k, V, = £10V) VimV
A Tamp = +25°C 50 | 200 25 | 200
Trnin < Tamb S Trnax £ 15
Supply Voltage Rejection Ralio (Rg = 500Q) a8
SVR Tamb = +25°C 80 | 86 70 | 86
Tmin < Tamb s Tmsx g0 70
Supply Current, no load, per amplifier mA
lec Tamp =+25°C 14 | 25 14 | 25
Tt S Fadih s Tha 25 2.5
Viem |Input Common Mode Voltage Range il *1125 £l qg v
Common Mode Rejection Ratio (Rg = 500) dB
CMR Tamp = +25°C 80 86 70 | 86
Tmin < Tamh = Tmax 80 70
Oulput Short-circuit Current mA
. Tamp = +25°C 10 | 40 | 60 | 10| 40 [ g0
T S T a8 Tt 10 60 | 10 €0
Oulput Voltage Swing v
Tamb=+25°C AL = 2kQ 10 12 10 12
Vopn RL = 10kQ 12 | 135 12 | 135
Toin'S Tamb = Trnax AL = 2kQ 10 10
AL = 10k 12 12
SR Slew Rate (Tyyp = +25°C) Vius
Vin =10V, R_ = 2kQ, C_= 100pF, unity gain 8 13 8 13
i Rise Time (Tamp = +25°C) s
4 Viy = 20mV, B = 2kQ, G, = 100pF, unity gain 0.1 0.1
K Overshoot (T = +25°C) %
o Vin = 20mV, R =2k, C|_ = 100pF, unity gain 10 10
GBP Gain Bandwidth Product (Tymy, = +25°C) MHz
Vip =10mV, R = 2kQ2, C| = 100pF, {= 100kHz 2 3 2 8
R, [Input Resistance 1012 1012 Q

3
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TLO74- TLO74A - TLO74B
TLO741,M,AC,AlAM, —
Symbol Parameter BC,BI, Unit
Min. | Typ.| Max.| Min.| Typ. | Max.
Total Harmonic Distortion (T, = +25°C) .
THD t= 1kHz, R = 2ke,Gy = 100pF, A, = 20dB, %
0.01 0.01
Vo =2V,
= Equivalent Input Noise Voltage L
n Rg = 1004, | = TKHz 15 15 JHz
Zm [Phase Margin 45 45 degrees|
Channel separation dB
VatlVoz A, =100 120 120

1. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature.

411
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KYI, %]UG@%@.I%E%%T“@‘@SM?@N@ UA741

GENERAL PURPOSE SINGLE OPERATIONAL AMPLIFIER

n LARGE INPUT VOLTAGE RANGE
= NO LATCH-UP

n HIGH GAIN
s SHORT-CIRCUIT PROTECTION o
= NO FREQUENCY COMPENSATION

REQUIRED |

= SAME PIN CONFIGURATION AS THE UA709

N D
DIP8 S08
DESCRIPTION (Plastic Package) (Plastic Micropackage)
The UA741 is a high performance monolithic opera-
tional amplifier constructed on a single silicon chip.
Itis intented for a wide range of analog applications.
= Summing amplifier
= Voltage follower
s Integrator ORDER CODES
n Active filter T\ ——_ Package
= Functiongenerator Nbbr 9 R’;ng:”"’ e E
The high gain and wide range of operaling voltages = 5
. d : UA741C 0°C, +70°C L] L
provide superior performances in integrator, sum- B )
ming amplifier and general feedback applications. | UA7411 -40°G, +105C ’ '
Theinternal compensationnetwork (6dB/octave)in- | UA741M -55°C, +125°C . g
sures stability in closed loop circuits. Example : UA741CN

PIN CONNECTIONS (top view)

\_,/ 1 - Offsetnull 1
1 l: :I 8 2 - Inverting input
3 - Non-inverting input
L >—\_] il
3 I: 5 :l 6 5 - Offsetnull 2
6 - Cutput
4 5 7-Vec*
[ :I 8-N.C.

October 1997 1/9




UA741

SCHEMATIC DIAGRAM

Non-inverting
Inpue

L

Invorling
. Input
a @}
Qa3 . rm
L
‘ !

»
 Oftser |
r X 1 U g ,J
A1 n3, | n2 || n4 At2 iR
[ e uca{ he ke 5040 500
l i 1 J ta 7 Voo
1
Ofisct
null 2
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter UA741M UA7411 I UA741C Unit
Veo Supply Voltage 122 v
Vig Differential Input Voltage 30 ¥
Vi Input Voltage 15 v
Plot Power Dissipation 500 mw
Qutput Short-circuit Duration Infinite
Topor Operating Free Air Temperalure Range -55 lo +125  -401o +105 0 to +70 °c
Tstg Storage Temperature Range -6510+150 -6510 +150 | -65to +150 o,

= Lyg SERTHONESN



UA7H
ELECTRICAL CHARACTERISTICS
Ve = £15V , Tamb = +25°C (unless otherwise specified)
Symbol Parameter Min. | Typ. | Max. Unit
Vio Input Offset Vortage (Rs < 10kQ) mv
amb = +2 1 5
Trmin. < annb S Trax. 6
lio Input Offset Current nA
Tamb = +25°C 2 30
Tm\n = .ramb < Tmax. 70
Iy Input Bias Current nA
Tamb = +25°C 10 100
Tmin, < Tamb < Tmak 200
Awd Large Signal Voltage Gain * VimV
(Vo £10V, Re = 2kn)
Tamb = +25°C 50 200
Temin. < Tamb < Tmax. 25
SVR | Supply Voltage Rejection Ratio dB
(Rs < 10k¢2)
Tamb = +25°C 77 90
Tmin. S Tamb < Trnax. 7
lee Sup?_iy Current, no load mA
amb = +26°C 1.7 28
Tmin, < Tamb < Tmax. 3.3
Viem | Input Comman Mode Voltage Range v
Tamb = +25°C 12
Trmin. € Tamb € Tmax. +12
CMR | Comman-made Rejection Ratio (Rs < 10kQ) dB
Tamb = +25°C
Tmin. S Temb < Trax. 70 90
70
los Qutput Short-circuit Current mA
10 25 40
+Vope | Output Voltage Swing v
Tamb = +25°C AL = 10kQ 12 14
RL = 2kQ 10 13
Trmin. € Tamb € Tmax. RL = 10k 12
RL = 2kQ 10
SR Slew Rate Vips
(Vi= +10V, RL =2kQ, Cu= 100pF, Tamb = 25°C, unity gain) 025 [ 05
tr Rise Time us
(Vi =220mV, R_ = 2kQ, CL = 100pF, Tamb = 25°C, unity gain) 0.3
Kov | Overshoot %
(Vi = 20mV, Ry = 2k, CL = 100pF, Tams = 25°C, unity gain) 5
Ri Input Resistance 0.3 2 MQ
GBP | Gain Bandwidth Product MHz
(Vi=10mV, R. = 2k, Ci= 100pF, f = 100kHz) 0.7 1
THD | Total Harmonic Distortion %
(f = 1kHz, Ay = 20dB, RL =2k, Vo = 2Vpp,CL = 100pF, Tame = 25°C) 0.06
en Equivalent Input Noise Voltage nv
(f = 1kHz, Ry = 1000) 23 wory
2m | Phase Margin 50 Degrees
3/9
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UTC2003 LINEAR INTEGRATED CIRCUIT

10W CAR RADIO AUDIO
AMPLIFIER

DESCRIPTION
The UTC2003 has improved performance wilh the same o~
pin configuration as the UTC2002.The additional features of . ,'*"\\o\
UTC2002,very low number of extarnal components, aase of e \ﬁ,f
assembly, space and cost saving, are maintained. G » ,;’
The device provides a high oulput current capacity(up to
3.5A) very low harmonic and crossever distorlion Completely
safe operation is guaranteed due lo protection against DC
and AC short circuil between all pins and ground, thermal
over-range, load dump vollage surge up to 40V and
fortuitous open ground.

TO-2208
ABSOLUTE MAXIMUM RATINGS(Ta=25'C)
CHARACTERISTICS SYMBOL VALUE UNITS

Peak Supply Voltage Vs 40 V4
DC supply Voltage Vs 28 )
Operating supply voltage Vs 18 v
Qutput peak current(repetitive) lo 3.5 A
QOutput peak current( non repelitive) lo 4.5 A
Power dissipation at Tcase=90°C Plot 20 W

Storage temperature Tsig -40~+150 *c

unclion temperature Tj -40~+150 “C
PIN CONNECTION

1 Non inverting input
2 Inverting input

3 Ground

4 Qutput

5 Supply Voltage

YWYOUWANG ELECTRONICS CO.LTD 1



LINEAR INTEGRATED CIRCUIT

UTC2003

SCHEMATIC DIAGRAM

— ? g ?&_ﬁos
- e 'J_j ”—3"%4

8

x
3 =

b 3
3

.
1o,

TEST CIRCUIT

-

Rx c2
380 4TQpF R2
2.20

C

T SQ:F

Rx=20*R2

Cx=1/(2nB*R1)

YW YOUWANG ELECTRONICS CO.LTD
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UTC2003

65

LINEAR INTEGRATED CIRCUIT

10004 F
ik
R1
2200| R3 1
RL 16 | RL
. R2
470n F v ik R2
220 .
Cx —
39nF §
Rx=20"R2 Cx=1/(2pB'R1)
DC Test Circuit AC Test Circuit

ELECTRICAL CHARACTERISTICS(Refer o the test dirouit, Vs=14. 4V, Ta=25°C)

PARAMETER [SYMBOL| TEST CONDITIONS [ miNn TTYyP | max [ unNIT
DC CHARACTERISTICS
Supply Voltage Vs 8 18 )
Quiescent Output Vo 6.1 6.9 7.7 v
Vollage
Quiescent drain Id 44 50 mA
current
AC CHARACTERISTICS
d=10%,f=1kHz_
RL=4Q b. b 6
Qutput power Po RL=20Q 4 10 w
RL=3.202 7.5
Ru=1.60 12
f=1kHz
Po=0.5W RL=4Q 14 mV
Input sensitivity Vi Po=6W RL=4¢) 56 mV
Po=0.5W,RL=20 10 mV
Po=10W,RL=20 50 mvy
Input saturation Vi(rms) 300 my
voltage
Frequency B Po=1W,RL=40 40 15000 Hz
response(-3dB)
f=1kHz
Distortion D Po=0.05 o 4.5W ,RL=40 0.15 %
Po=0.05 to 7.5W RL=202 0.15
(continued)
YW YOUWANG ELECTRONICS CO.LTD 3



UTC2003 LINEAR INTEGRATED CIRCUIT

PARAMETER | SYMBOL TEST CONDITIONS MIN TYP MAX UNIT
Input Ri open loop,f=1kHz 70 150 k2
Resistance(pin 1)

Input noise currant Gy 60 200 pA
Input ncise voltage Ing 1 5 uv
open loop Gvo f=1kHz 80 dB
voltage gain f=10kHz 60 dB
closed loop Gvc f=1kHz,RL=402
voltage gain 39.3 40 40.3 dB
f=1kHz
Efficiency n Po=6W, RL=4() 69 %
Po=10W RL=2 65 %
Supply voltage SVR  [f=100Hz, Vripple=0.5V
|rejection Rg=10k 2, RL=4 @ 30 36 dB
Fig.1 Quisscent outpul voltage Fig 2 Quisponnt ¢rain current Fig.3 Oulbut power ve. Susply
Ve Supply voliape v Supply vallege voRage
L MimAl ol ! I
i
/// i L
2 1] 1°
e
, AN ZZ5%%
I 1
B . " 7 |
L A vty L B T TR i
T i Patafn lond Figb Dar va, lngel wonskiv Fig.6 Goin ve. Inpud sonstivity
- . T “— AN — " e, . e,
5 | N { t\r i1,
TP T o SO AN
vl | PSR ' | N
% N " it 1 L M)
e NN i bk ¥
e 1 \":,__ - w h | -
1 =t :‘ TR ] ) N 17
v A e '« @ e B a W e
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UTC2003

LINEAR INTEGRATED CIRCUIT

APPLICATION SUGGESTION
The recommended values of the components are those shown on application circuit of Fig.16. Different values can
be used. The follawing table can help the designer.

Component Recommended Purpose Large than Large than
value r ded recor ded
value value
R1 (Gv-1)'R2 gain setting. increase of Gain
R2 2.20 gain and SVR Decrease of SVR
setling.
R3 10 Frequency stacility | Danger of oscillation
at high frequencies
with inductive loads.
Rx =20"R2 Upper frequency | Poor high frequencies| Dange of oscillation
cutoff attenuation
c1 2.2uF Input DC decaupling Nolse at switch-on
switch-off
c2 470uF Ripple rejection Decrease of SVR
c3 0.1uF Supply voltage Dange of oscillation
bypass
c4 1000pF Oulput coupling to Higher low frequency
load culoff
C5 0.1pF Frequency stability Danger of oscillation
at high frequencies
with inductive loads. |
Cx =/(2 ©*B*'R1) Upper frequency smaller bandwidth Larger bandwidth
cutoft
7FV YOUWANG ELECTRONICS CO.LTD 8
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Note the following details of the code protection feature on Microchip devices:
*  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip beliaves that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

*  There are dishonest and possibly lllegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products In a manner outside the operating specifications contained in Microchip's Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

*  Microchip is willing to wark with the customer who is concerned about the integrity of their code.

*  Neither Microchip nor any other semiconductor manufacturer can guarantee the securily of their code. Code protection does not

mean lhat we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protaction featuras of our
products, Attempts to break Microchip's code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act,

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updales. It is your responsiility to
ensure that your application meats with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liabllity
arising from this information and its use. Use of Microchip
devices in life support andfor safety applications is entirely at
the buyer's risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expanses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

—I1S0/TS 16949:2002 =—

Trademarks

The Microchip name and logo, the Micrechip logo, Accuron,
dsPIC, KeeLoq, KEeLoa logo, MPLAB, PIC, PICmicro,
PICSTART, PRO MATE, rfPIC and SmartShuntara registered
trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

FilterLab, Linear Aclive Thermistor, MXDEV, MXLAB,
SEEVAL, SmartSensor and The Embedded Conlrol Solutions
Company are reglstered trademarks of Microchip Technology
Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard,
dsPICDEM, dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, In-Circuit Serial
Programming, ICSP, ICEPIC, Mindi, MiWi, MPASM, MPLAB
Certified logo, MPLIB, MPLINK, mTouch, PICkit, PICDEM,
PICDEM.net, PICtail, PIG?2 logo, PowerCal, Powerlnfa,
PowerMate, PowerTool, REAL ICE, rfLAB, Select Mode, Total
Endurance, UNI/O, Wiperlock and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
counlries.

SQTP Is a service mark of Microchip Technology Incorporated
in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2008, Microchip Technalogy Incarporated, Printed in the
U.S.A., All Rights Reserved.

Q Printed on recycled paper.

Microchip received ISO/TS-16949:2002 certification for its worldwide
headquarters, design and wafer fabrication facilities In Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in Califormia
and India. The Company's qualily systam processes and procedures
are for ifs PIC® MCUs and dsPIC™ DSCs, KeeLog* code happing
devices, Serial EEPROMs. micropenipherals, nonvolatite memory and
analog products, In addition, Microchip’s quality system for the design
and manufaclure of development syslems is ISO $001:2000 certified.
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MIcCRoOCHIP

dsPIC30F4011/4012

High-Performance, 16-bit Digital Signal Controllers

Note:  This data sheel summarizes features of
this group of dsPIC30F devices and is not
intended to be a complete reference
source. For more information on the CPU,
paripherals, register descriptions and
general device functionality, refer to the

“dsPIC30F Family Reference Manual”

(DS70046). For more information on the
device instruction set and programming,
refer to the “dsPIC30F/33F Programmer's
Reference Manual” (DST0157).

High-Performance, Modified RISC CPU:

Modified Harvard architecture

C compiler optimized instruction set architecture
wilh 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 Kbytes of on-chip data RAM

1 Kbyte of nonvolatile data EEPROM

Up to 30 MIPS operation:

- DC to 40 MHz exlernal clock input

- 4 MHz-10 MHz oscillator input with
PLL active (4x, 8x, 16x)

30 inlerrupt sources:

- 3 external interrupt sources

- B user-selectable priority levels for each
interrupt source

- 4 processor trap sources

16 x 16-bit working register array

DSP Engine Features:

Dual data felch

* Accumulator write-back for DSP operations

Modulo and Bit-Reversed Addressing modes
Two, 40-bit wide accumulalors wilh optional
saluration logic

= 17-bit x 17-bit single-cycle hardware

.

fractional/integer multiplier
All DSP instructions are single cycle

+ +16-bit, single-cycle shift

Peripheral Features:

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

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

« 16-bit Capture input functions

= 16-bit Compare/PWM output functions

* 3-wire SPI modules (supports 4 Frame modes)

+ 12C™ module supperts Multi-Master/Slave mode
and 7-bit/10-bil addressing

« 2 UART modules with FIFO Buffers

+ 1 CAN medule, 2.0B compliant

Motor Control PWM Module Features:

« 6 PWM output channels:
- Complementary or Independent Output
modes
- Edge and Center-Aligned modes
« 3 duty cycle generators
¢« Dedicated time base
* Programmable output polarity
= Dead-lime control for Complementary mode
+ Manual output control
+ Trigger for A/D conversions

Quadrature Encoder Interface Module
Features:

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

Count diraction status

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

Interrupt on position counter rollover/underflow

.

.

Analog Features:
« 10-Bit Analog-to-Digital Converter (A/D) with
4 S/H inputs:
- 1 Msps conversion rate
- 9input channels
- Conversion available during Sleep and Idle
« Programmable Brown-out Reset

@ 2008 Microchip Technology Inc.
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dsPIC30F4011/4012

Special Digital Signal Controller
Features:

Enhanced Flash program memory:
- 10,000 erase/write cycle (min.) for
industrial temperature range, 100K (typical)
Data EEPROM memory:
- 100,000 eraselwrite cycle (min.) for
industrial temperature range, 1M (typical)
Self-reprogrammable under software control
Power-on Reset (POR), 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

Programmable code protection

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

- Sleep, Idle and Alternate Clock modes

.

CMOS Technology:

» Low-power, high-speed Flash technology

* Wide operating voltage range (2.5V to 5.5V)
+ Industrial and Extended temperature ranges
« Low-power consumption

dsPIC30F Motor Control and Power Conversion Family

Program Qutput | Motor = |
Device | Pins | Mem. Byles/ :R?“ EEP?OM ::'":': Igput CompiStd | Control ﬂ:ﬁtND %"ad SE A
Instructions | =Y 2% ytes 7 ap PWM PWM sps nc | 5 oo
dsPIC30F4012 | 28 48K/16K 2048 1024 & 4 2 Gch 6 ch Yes |1 | V1 |1
dsPIC30F4011 [40/44| 48K/16K | 2048 1024 5 4 4 6ch 9ch Yes |21 [1]1

DS70135F-page 4
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dsPIC30F4011/4012

Pin Diagrams

40-Pin PDIP
Q
MCLR ] 1 A 40 0 Avoo
EMUD3/ANO/VREF+/CNZ/RBO [ 2 390 Avss
EMUC3/AN1/VREE/CN3/RBY [] 3 381 PWMILREQ
AN2/SST/CN4/RB2 O 4 370 PWMIHRE1
ANSINDX/CNSIRES [ 5 38 0 PWM2LIRE2
AN4/QEA/ICT/CNG/RB4 [] 6 a 350 PWM2HRE3
ANS/QEB/ICE/CN7/RBS [ 7 @ 340 PWM3LRE4
ANS/OCFAIRBS [] 8 T 330 PWMBH/RES
ANT/RB7 O 9 & 220 vm
ANW%BB E :? g gég E?EXJ'RFO
o
vssd1z @ 280 CITXRF1
0SCCLKI 13 S 2801 UZRXICN17/RF4
OSC2/CLKO/RC1S O 14 = 270 U2TXICNIBIRFS
EMUD1/SOSCHT2CK/U1ATXICN1/RC13 [ 15 26 0 PGC/EMUC/U1RX/SDI/SDAIRF2
EMUC1/SOSCOM1CK/UTARXICNO/RC14 [ 16 250 PGD/EMUD/UATX/SDO1ISCLIRFA
FLTA/INTO/REB [ 17 24 1 SCK1/RF6
EMUD2/0OC2/IC2INT2/RD1 Cl 18 230 EMUC2/OCH/ICIINT1/RDO
OC4/RD3 [0 19 221 OC3RD2
Vss [}20 21 Voo
44-Pin TQFP
iy
w
g
% E
r4
£
£ &
Se g
o
gegl
a¥3
uoxg
o w
0
H
¥
PGC/EMUCIU1RX/SDI1/SDARF2 L=y 4 3 NG
U2TX/CN18/RF5 I o EMUD1/SOSCIT2CKAATX/ICNI/RC13
UZRX/CN17/RF4 (I3 OSC2/CLKO/RC1S
CITX/RF1 I 4 1 OSCGH/CLKI
CARX/RFO 1T 5 29/ Vss
Ve dsPIC3OF40T! Mmoo
oI 7 7
PWMIH/RES 1r g 2601 ANTRBT
PWM3LRE4 o1 9 25T ANG/OCFAIRB6
PWM2H/RE3 ] 10 240 ANS/QEB/ICS/CN7/RBS
PWM2URE2 1] 11 — 23[TT7 AN4/QEA/ICTICNG/RB4A
-
H H
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Bomn
gzee
a
83335
+ Ela B
=z 3
R
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dsPIC30F4011/4012

1.0 DEVICE OVERVIEW

Note:  This data sheet summarizes features of
this group of dsPIC30F devices and is not
intended to 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”
(DS70046). For more information on the
device instruction set and programming,
refer to the “dsPIC30F/33F Programmer's

Reference Manual” (DS70157).

This document contains device-specific information for
the dsPIC30F4011/4012 devices. The dsPIC30F
devices contain extensive Digital Signal Processor
(DSP) functionality within a high-performance, 16-bit
microcontroller (MCU) architecture. Figure 1-1 and
Figure 1-2 show device block diagrams for the
dsPIC30F4011 and dsPIC30F4012 devices.

% 2008 Microchip Technology Inc.
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dsPIC30F4011/4012

e SR nTEL
FIGURE 1-1: dsPIC30F4011 BLOCK DIAGRAM
¥ Data Bus
| X Data Bus
7N re3 i (?
16 {16 6
! 5 o fo ke do fu
Interrupt Data Latch|  [Data Latch
Controller | (|| DSV & Table . ¥ Dala X Data
Control Block 16
% (1 Kbyte) | | (1 Kbyle)
Ft Address Address
24 Latch Lalch
7
. \| rL 16 ;?15 She
2 \/ V vacu|[ XRAGU [+=[] EMUD3J/ANO/VREF+CNZRBD
PCU] PCH | PCL XWAGU = [X] EMUC3/AN1VREF-ICNI/RB 1
Program Counter N £ ==L X] AN2ISST/CNAIRB2
Address Latch Stack Loop | ANZINDX/CNS/RB3
Goniol | Gonlro = =[] AN4IQEAICTICNGRE4
P oo -+ 5] ANSIGEB/ICBICNTIRES
§48 Koyles) 5] ANGIOGFARES
Data EEPROM =[] ANTRB?
(1 Kbyte) Effactive Address == X] ANB/RES
Dala Latch 16 AN PORTB
‘_,L_‘_r-_. ROM Latch ke
—
R =
s [5¢] EMUD 1/SOSCUT2CKATATXICNURC13
43 o 1] EMUCA/SOSCOMICKIUIARKICNORC14
[] 0SC2ICLKORC1S
Decode W Rag Amay . PORTC
Instruction o : |
Doesxda and | fisls [
Control Vi |
Control Signals
to Varlous ‘4“’* Power-Up Dsp
£ i EMUC2/0CIACIINT1/RDO
L a e+ ANCANT R
0SCHCLKI | Timing Lo ~l]  Oscilator =\
Generaton [ ! | syt Toner ] y T EMuofJfgczaczmmﬂm
& ARy &dua& |+~ ocairDa
S Roset PORTD
MCLR 6 16
Walchdog
V0D, Vss Timer
AVOD, AVES
) Input Oulput
CAN 10-Bt ADC Captu;’: Compare 2o | PRILRED
N = 'hAd” X m"f\ d ; [ PWMIHRE1
\ PWM2LRE2
| | E b I AL VS8 s
i3 2 & I PWM3URE#
PWM3BH/RES
SPIt Timers QEI Molor Control UART1, FLTAINTO/RES
PWM UART2 | || "PORTE
[+~[X] cirXRFO
C1TX/RF1
PGCEMUC/IUTRX/SON/SDARF2
L PGIEMUD/UITX/SDO1ISCLIRF3
f+-={X] U2RX/CN17/RF4
U2TXICN1B/RFS
SCK1/RF6
PORTF
TR
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dsPIC30F4011/4012

FIGURE 1-2: dsPIC30F4012 BLOCK DIAGRAM
¥ Data Bus
: : = z SRR ... XDalaBus
J) \L 4 A Fou G 615 16
Interrupt Data Latch |  [Data Latch
Gontrolier| (]| PV & Table ¥ Data X Data
‘ 24| Contro Block /8 /16 RAM RAM
(1 Kbyte} (1 Kbyle)
5; Address Address
Latch h
‘ l 16 416 Ln}\cm
5 ]
"% £ Y vacy || XRAGU
L & x“,'\"'G“ +-+[5] EMUDHANONVREF HEN2IRBO
A\ T i 4 EMUCH/AN 1VREF-CNIRBA
Address Latch Sk, | o s AN2/SSTICN4/RB2
Program Memory| Logic Logic 33 =] ANSINDX/CNS/RB3
|| (48 Kbytes) ANA/IQEA/IC7/ICNE/RB4
Oata EEPROM {=—=~[X] ANSIQEBICB/CNT/RE5
(1 Kbyte) Effective Address FORTB
Data Latch 18 5]
EMUDVSOSCIT2CKAMATCNIRCI3

Control Signals
IoVnSirigAs

iz

PORTC

Blocks
OSCICLKI L X
o = 2
ALU<16> PORTD
16 16
“
Output
Compare e
Module
N TS
S A4
Mator Control UART1,
PN e PORTE
Bl
Lo |-
PORTF

EMUCT/SOSCOMICKUTARXCNO/RC14
OSC2/CLKO/RC1S

EMUC2/OC1AC1ANTIRDO
EMUD2/IOC21C2/INT2/RD1

PWMI1LREQ
PWM1HRE!
PWM2LRE2
PWM2HRE3
PWM3LRE4
PWM3H/RES
FLTAINTO/SCK1/OCFARER

PGCEMUC/TRX/SDI/SDA/CIRX/RF2
PGDEMUDIVITXSDO1/SCLICITNRF3
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dsPIC30F4011/4012

Table 1-1 provides a brief description of the device 11O
pinoul and the functions that are multiplexed to a port
pin, Mulliple functions may exist on one port pin. When
multiplexing occurs, the peripheral module's functional
raequirements may force an override of the data
direction of the port pin.

TABLE 1-1: dsPIC30F4011 I/O PIN DESCRIPTIONS
Pin Name T';I:e B.'rl;g:r Description
ANO-ANB I Analog | Analog input channels, ANO and AN1 are also used for device programming
dala and clock inputs, respectively.
AVDD P P Positive supply for analog module. This pin must be connecled at all times.
AVss % P Ground reference for analog module.
CLKI | ST/CMOS | Extemal clock source input. Always associated with OSC1 pin function,
CLKO o] — Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKO in RC and EC modes.
Always associated with OSC2 pin function.
CNO-CN7 | ST Input change notification inputs. Can be software programmaed for internal
CN17-CN18 weak pull-ups on all inputs.
C1RX | [ CAN1 bus receive pin.
CITX 0 — CAN1 bus transmit pin.
EMUD l{e] ST ICD Primary Communication Channel data input/output pin,
EMUC [{e] ST ICD Primary Communication Channel clock input/output pin.
EMUD1 1o ST ICD Secondary Communication Channel data input/output pin.
EMUC1 110 ST ICD Secondary Communication Channel clock inputioutput pin.
EMUD2 1o ST ICD Tertiary Communication Channel data input/output pin.
EMUC2 {l[o] ST ICD Tertiary Communication Channel clock input/output pin.
EMUD3 1o ST 1CD Quaternary Communication Channel data input/output pin.
EMUC3 l[e] ST ICD Quaternary Communication Channel clock input/output pin,
IC1,1C2, IC7, I ST Capture inputs 1, 2, 7 and 8.
IC8
INDX | ST Quadrature Encoder Index Pulse input.
QEA | ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
QEB | 8T Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
INTO I ST External interrupt 0.
INT1 | ST External interrupt 1.
INT2 | ST Exlernal interrupt 2.
FLTA | 8T PWM Fault A input.
PWM1L o] — PWM1 low output.
PWM1H o] - PWM1 high output.
PWM2L o] — PWM2 low output.
PWM2H 0 — PWM2 high output.
PWM3L (o] - PWMS3 low outpul.
PWM3H o — PWM3 high output.
MCLR P ST Masler Clear (Reset) input or programming voltage input. This pin is an
active-low Reset lo the device,
OCFA | ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).
0C1-0C4 [s] — Compare outputs 1 through 4.
Legend: CMOS = CMOS compalible input or output Analog = Analog input
ST = Schmilt Trigger input with CMOS levels O = Output
| = Input P = Power

DS70135F-page 12
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dsPIC30F4011/4012

TABLE 1-1: dsPIC30F4011 I/0O PIN DESCRIPTIONS (CONTINUED)
Pin Name Tl;l;:!e B.[l;fgzr Description

0sc1 | ST/CMOS | Oscillator crystal input. ST buffer when configured in RC mode; CMOS
otherwise,

0sc2 1o — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.

PGD 110 ST In-Circuit Serial Programming™ data input/output pin.

PGC | ST In-Circuit Serial Programming clock input pin.

RB0-RB8 1o ST PORTB Is a bidirectional 11O port.

8RC13-RC15| 8I/0 8ST PORTC is a bidirectional I/O port.

RDO-RD3 [[{e] ST PORTD is a bidirectional I/O port.

REO-RES, 110 ST |PORTE is a bidirectional I/O port.

RE8

RFO-RF6 110 ST PORTF is a bidirecticnal IO port.

SCKA1 1o ST Synchronous serial clock input/output for SPI1.

sDI | ST SPI1 data in.

SDO1 le] = SPI1 data out,

581 | ST SPI1 slave synchronization.

SCL lie} 8T Synchronous serial clock input/output for IPC™,

SDA 1o ST | Synchronous serial dala inpulfoutput for 12C.

S0SCO [0} —_ 32 kHz low-power oscillator crystal output.

SOSCI | ST/CMOS |32 kHz lew-power oscillator crystal input. ST buffer when configured in RC
mode; CMOS otherwise.

T1CK | ST Timer1 external clock input.

T2CK | ST Timer2 external clock input.

U1RX | 8T UART1 receive.

U1TX o — UARTT transmit.

U1ARX | ST UART1 alternate receive.

U1ATX (o} — UART1 alternate transmit.

U2RX | ST UARTZ receive.

u2T1X 0 — UART2 transmit.

VoD P — Positive supply for logic and I/O pins.

Vss P — Ground reference for logic and I/O pins,

VREF+ | Analog | Analog voltage reference (high) input.

VREF- I Analog | Analog voltage reference (low) input.

Legend: CMOS = CMOS compatible input or output Analog = Analog input

ST = Schmitt Trigger input with CMOS levels O = OQutput
| = Input P = Power

€ 2008 Microchip Technology Inc.

DS70135F-page 13

78



dsPIC30F4011/4012

Table 1-2 provides a brief description of the device /O
pinoul and the functions that are mulliplexed to a port
pin. Multiple functions may exist on one port pin. When
multiplexing occurs, the peripheral module's functional
requirements may force an override of the data

direction of the port pin.

TABLE 1-2: dsPIC30F4012 I/O PIN DESCRIPTIONS
Pin Buffer T
Pin Name Type Type Description
ANO-ANS | Analog | Analog input channels. ANO and AN1 are also used for device programming
data and clock inputs, respectively.
AVDD P P Positive supply for analog module,
AVss P P Ground reference for analog module.
CLKI | ST/CMOS | External clock source input. Always assoclated with OSC1 pin function.
CLKO o] —_ Oscillator cryslal output. Connects to crystal or resonator in Crystal
Oscillator mode. Optionally functions as CLKQO in RC and EC modes.
Always associated with QSC2 pin function.
CNO-CN7 | ST Input change notification inputs. Can be software programmed for internal
weak pull-ups on all inputs.
C1RX | ST CAN1 bus receive pin.
C1TX o] — CAN1 bus transmit pin.
EMUD 1o ST ICD Primary Communication Channel data input/output pin.
EMUC o ST ICD Primary Communication Channel elock input/output pin.
EMUD1 l{e} 8T ICD Secondary Communication Channel data input/output pin.
EMUC1 l{e] ST ICD Secondary Communication Channel clock inpul/output pin.
EMUD2 [{e] ST ICD Terliary Communication Channel data input/output pin.
EMUC2 o ST ICD Tertiary Communication Channel clock input/output pin.
EMUD3 1o ST ICD Quaternary Communication Channel data input/output pin.
EMUC3 le] ST ICD Quaternary Communication Channel clock input/output pin.
IC1,1C2,IC7, I ST Capture inputs 1, 2, 7 and 8.
IC8
INDX | ST Quadrature Encoder Index Pulse input.
QEA | ST Quadrature Encoder Phase A input in QEI mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
QEB | B Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
INTO | ST External interrupt 0.
INT1 | ST External interrupt 1.
INT2 | ST External interrupt 2.
FLTA | ST PWM Fault A input.
PWM1L o] — PWM1 low output.
PWM1H o] — PWM1 high output.
PWM2L (o] — PWM2 low oulput.
PWM2H o] — PWM2 high output.
PWM3L (8] — PWM3 low outpul.
PWM3H 0] — PWM3 high output.
MCLR 1P sT Master Clear (Reset) input or programming voltage input. This pin is an
active-low Reset to the device.
OCFA | ST Compare Fault A input (for Compare channels 1, 2, 3 and 4).
QC1, 0C2 o] - Compare outputs 1 and 2.
Legend: CMOS = CMOS compatible input or output Analog =  Analog input
ST = Schmitt Trigger input with CMOS levels QO = Qutput
| = Input P = Power

DS70135F-page 14
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dsPIC30F4011/4012

TABLE 1-2: dsPIC30F4012 I/0O PIN DESCRIPTIONS (CONTINUED)
Pin Buffer
Description
Pin Name Type Type crip

0SC1 | ST/CMOS | Oscillator crystal input. ST buffer when configured in RC mode; CMOS
otherwise.

0sc2 1] — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKQ in RC and EC modes.

PGD 110 ST In-Circuit Serial Programming™ data input/output pin.

PGC | ST In-Circuit Serial Programming clock input pin.

RBO0-RB5 [l{e} ST PORTB is a bidirectional I/Q port.

RC13-RC15 81/0 8sT PORTC is a bidirectional /O port.

RDO-RD1 [[{e] 8T PORTD is a bidirectional I/O port.

REO-RES, l{e] ST PORTE is a bidirectional 1/0 port.

RE8

RF2-RF3 1o ST PORTF is a bidirectional /O port.

SCK1 1o ST Synchronous serial clock input/outpul for SPI1.

SDi | ST SPI1 Data In.

SDO1 o] e SPI1 Data Out.

S51 [l{e] ST SPI1 Slave Synchronization

SCL [{e] ST Synchronous serial clock input/output for I2C™,

SDA 110 ST Synchronous serial dala input/output for 12C.

S0SCO o] _— 32 kHz low-power oscillator crystal output.

S0OS8CI | ST/CMOS (32 kHz low-power oscillator crystal input. ST buffer when configured in RC
mode; CMOS otherwise,

T1CK 1 8T Timer1 external clock input,

T2CK | §T Timer2 external clock input.

U1RX | ST UART1 receive.

U1TX o] —_ UART1 transmit.

U1ARX | ST UART1 alternate receive.

U1ATX o] - UART1 alternate transmit.

Voo P e Pasitive supply for logic and I/O pins.

Vss P — Ground reference for logic and 1/O pins.

VREF+ | Analog |Analog voltage reference (high) input.

VREF- I Analog  [Analog voltage reference (low) input.

Legend: CMOS= CMOS compatible input or output Analog = Analog input

ST = Schmitt Trigger input with CMOS levels O = Qutput
| = Input L' = Power

& 2008 Microchip Technology Inc.
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/******************************************************/

/* Hardware : dsPIC30F4011 */
/* X-TAL : 7.3728 MHz L7 4
/¥ Selec OSC Mode : XT w/PLL 16x */

/******************************************************/

/* Function : Example Interface Character LCD */

/******************************************************/

/¥ Character 16x2 4-Bit Mode Interface  */

/* D4 = REO *4
/* D5 = RE1 7K
/* D6 = RE2 WA
/* DT = RE3 WA
/* RS = RE4 b
/* EN = RE5 T

/******************************************************/

#include <p30f4011.h> // dsPIC30F4011 MPU Register
#include <stdio.h> // Used ftoa Function
#include "adc10.h" // Used ADC Library Function

/* Setup Configuration For ET-BASE dsPIC30F4011 */
_FOSC(CSW_FSCM_OFF & XT_PLL16); // Disable Clock Switching,
Enable Fail-Salf Clock , Clock Source = Primary XT + (PLL x 16)

_FWDT(WDT_OFF); // Disable Watchdog
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_FBORPOR(PBOR_OFF & PWRT_64 & MCLR_EN); // Disable Brown-Out ,Power ON =

64mS,Enable MCLR

_FGS(CODE_PROT_OFF);

// Code Protect OFF

/* End Configuration For ET-BASE dsPIC30F4011 */

// Character LCD Interface Pins

#define TRIS_DATA_PIN_4
#define TRIS_DATA_PIN_5
#define TRIS_DATA PIN_6

#define TRIS_DATA PIN_7

#define TRIS_RS

#define TRIS_E

#define DATA_PIN_4
#define DATA _PIN_5
#define DATA_PIN_6

#define DATA_PIN_7

#define RS_PIN

#define E_PIN

TRISEbits. TRISEOQ
TRISEbits. TRISE1
TRISEbits. TRISE2
TRISEbits. TRISE3
TRISEbits. TRISE4
TRISEbits. TRISE5
LATEDits.LATEO
LATEDbits.LATE1
LATEDbits.LATE2
LATEDbits.LATE3
LATEDits.LATE4

LATEbits.LATES5

/* Display ON/OFF Control */

#define DON

#define DOFF

#define CURSOR_ON
#define CURSOR_OFF
#define BLINK_ON

#define BLINK_OFF

Ox0F

0x0B
OxOF
0x0D

0x0F

Ox0E

// Direction D4
// Direction D5
// Direction D6
// Direction D7
// Direction RS
// Direction E
// REO = D4 LCD
A RERETES LOD
// RE2 = D6 LCD
// RE3= D7 LCD
// RE4 = RS LCD
// RE5 = E LCD

// Display on
// Display off

// Cursor on

// Cursor off

// Cursor Blink

// Cursor No Blink



/* Cursor or Display Shift */
#define SHIFT_CUR_LEFT 0x13
#define SHIFT_CUR_ RIGHT  0x17
#define SHIFT_DISP_LEFT  Ox1B

#define SHIFT_DISP_RIGHT Ox1F

/* Function Prototypes */

void Initial_4bitLCD(void);

void SetCGRamAddr(unsigned char);
void SetDDRamAddr(unsigned char);
void WriteCmdLCD(unsigned char);
void WriteDataLCD(unsigned char);
void PutsLCD(unsigned char¥*);

void Delay_tW_LCD(void);

void Busy_LCD(void);

void Delay(unsigned long int);

/*Declare Variable*/

unsigned long adc_buff0,adc_buffl,z,v,i,Z,x,y;

unsigned int adc_count;

void int_adc(void);

/*Main*/
int main(void)

{

84

// Cursor shifts to the left
// Cursor shifts to the right
// Display shifts to the left

// Display shifts to the right

// Initial LCD Interface

// Set Cursor Address
// Write Command
// Write Data
// Print Message
// Enable Pulse Delay
// Wait LCD Busy

// Delay Time Function

// Initial ADC Function
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unsigned long value = 1000;
Initial_4bitLCDQ); // Initial LCD 4 Bit Interface

init_adc(); // Initial ADC[0..3]

// Start Read ADC Continue //
while(1) // Loop Continue

{
WriteCmdLCD(0x01); // Clear Display (Clear Display,Set DD RAM Address=0)

ADCON1bits.SAMP = 1; // Start Sampling ADC NOW

while('ADCON1bits.SAMP); // Wait Sampling Complete

ConvertADC10(); // Convert Result

while(BusyADC100)); // Wait Convert Result Complete

adc_buff0 = ReadADC10(1); // Read Voltage

adc_buffl = ReadADC10(2); // Read Current

v = adc_buff0*10000/12.9493; // Convert Voltae

i = adc_buff1/10; // Convert Current

z = V/i; // Calculate Impedance
SetDDRamAddr(0x00); // Start Cursor Line-1
PutsLCD("Impedance Value"); // Show Cursor Line-1

SetDDRamAddr(0x40); // Start Cursor Line-2

Delay(5000000);
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/************************/
/% Inital ADC  */
/************************/
void init_adc()
{
ADCON1bits.ADON = 0; // Turn-OFF ADC Before Change
Config
SetChanADC10( ADC_CHX_POS_SAMPLEA_ANOAN1AN2 &

ADC_CHX_NEG_SAMPLEA_NVREF ); // Set Channel

ConfigIntADC10(ADC_INT_DISABLE); // Dsiable ADC Interrupt
OpenADC10(
// Configl

ADC_MODULE_ON & // Turn-ON ADC Function
ADC_IDLE_STOP & // Stop ADC in IDLE Mode
ADC_FORMAT_INTG & // Result Format = Unsigned Integer
ADC_CLK_AUTO & // ADC Clock = Manual
ADC_AUTO_SAMPLING_ON & // Enable ADC Sampling

ADC_SAMPLE_SIMULTANEOUS, // Sample Style = Simultaneous

// Config2
ADC_VREF_AVDD_AVSS & // VDD=Vref(H),VSS=Vref(L)
ADC_SCAN_ON & // Enable Scan

ADC_CONVERT_CH_OABC & // Used ADCO and ADC1 to Convert Result
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ADC_SAMPLES_PER_INT_2 & // Number of Sample Between
Interrupt
ADC_ALT_BUF_OFF & // Disable Alternate Buffer
ADC_ALT_INPUT_OFF , // Disable Alternate Input
// Config3
ADC_SAMPLE_TIME_1 & // Samplink Time = Fast
ADC_CONV_CLK_INTERNAL_RC & // Used Internal RC Clock
Sampling
ADC_CONV_CLK_Tcy, // Conversion Clock = Fast
ENABLE_ANO_ANA & // RBO = analog
ENABLE_AN1_ANA, // RB1 = analog
// ADC Config Scan = ON ADCO , ADC3 and OFF ADC[124567]
SKIP_SCAN_AN2 & // Disable Scan ADC1
SKIP_SCAN_AN3 & // Disable Scan ADC2
SKIP_SCAN_AN4 & // Disable Scan ADC4
SKIP_SCAN_ANS5 & // Disable Scan ADC5
SKIP_SCAN_ANG6 & // Disable Scan ADC6
SKIP_SCAN_AN7 // Disable Scan ADC7

5
}

/************************/

/¥ Initial 4bitLCD */

/************************/



88

void Initial_4bitLCD(void)

{
TRIS_DATA_PIN_4 = 0; // Set Port Direction =

Output
TRIS_DATA PIN_5 = 0;
TRIS_DATA_PIN_6 = 0;
TRIS_DATA_PIN_7 = 0;
TRIS_RS = 0;
TRIS_E = 0;
RS_PIN = 0; // Instruction Select
E_PIN = 0; // Disable Strobe
Delay(50000); // Power-ON Delay

(minimum of 15ms)

WriteCmdLCD(0x33); // Initial 4 Bit Interface Format
WriteCmdLCD(0x32);
WriteCmdLCD(0x28); // Function Set (DL=0 4-Bit,N=1 2 Line,F=0 5X7)

WriteCmdLCD(0x0C); // Display on/off Control (Entry Display,Cursor off,Cursor not

Blink)

WriteCmdLCD(0x06); // Entry Mode Set (I/D=1 Increment,S=0 Cursor Shift)
WriteCmdLCD(0x01); // Clear Display (Clear Display,Set DD RAM Address=0)
}

/*****************************/

/* SetCGRamAddr Function*/

/****************************/

void SetCGRamAddr(unsigned char address)



RS_PIN = 0; // Select Instruction
DATA_PIN_T7 = 0; // DBT Must be 0 For Setting CGRam ADDR
DATA PIN_6 = 1; // DB6 Must be 1 For Setting CGRam ADDR

DATA_PIN_5 = ((address & 0x20)>>5);

DATA_PIN_4 = ((address & 0x10)>>4);

E_PIN = 1; // Strobe High Nibble
Delay_tW_LCD(); // Enable Pulse Delay
E_PIN =0

Busy LCD();

RS_PIN = 0; // Select Instruction

DATA_PIN_7 = ((address & 0x08)>>3);
DATA_PIN_6 = ((address & 0x04)>>2);
DATA_PIN_5 = ((address & 0x02)>>1);
DATA_PIN_4 = ((address & 0x01)>>0);

E_PIN =1; // Strobe Low Nibble
Delay_tW_LCD(); // Enable Pulse Delay
E_PIN = 0;

Busy LCD();

}

/*****************************/

/* SetDDRamAddr Function*/

/* ***************************/

void SetDDRamAddr(unsigned char address)

{
RS_PIN = 0; // Select Instruction

89



DATA PIN_7 = 1;

}

DATA_PIN_6 = ((address & 0x40)>>6);
DATA_PIN_5 = ((address & 0x20)>>5);
DATA_PIN_4 = ((address & 0x10)>>4);
E_PIN = 1;

Delay tW_LCD();

E_PIN = 0;

Busy LCDO);

RS_PIN = 0;

DATA_PIN_7 = ((address & 0x08)>>3);
DATA_PIN_6 = ((address & 0x04)>>2);
DATA_PIN_5 = ((address & 0x02)>>1);
DATA_PIN_4 = ((address & 0x01)>>0);
E_PIN = 1;

Delay_tW_LCD();

E_PIN =0;

Busy LCD();

/*****************************/

/* WriteCmdLCD Function*/

/****************************/

void WriteCmdLCD(unsigned char cmd)

{

RS_PIN = 0;
DATA_PIN_7 = ((cmd & 0x80)>>7);

DATA_PIN_6 = ((cmd & 0x40)>>6);
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// DBT Must be 1 For Setting DDRam ADDR

// Strobe High Nibble

// Enable Pulse Delay

// Select Instruction

// Strobe Low Nibble
// Enable Pulse Delay

// Select Instruction



}

DATA_PIN_5 = ((cmd & 0x20)>>5);
DATA_PIN_4 = ((cmd & 0x10)>>4);
E_PIN = 1;

Delay_tW_LCD();

E_PIN = 0;

Busy LCD();

RS_PIN = 0;

DATA_PIN_7 = ((cmd & 0x08)>>3);
DATA_PIN_6 = ((cmd & 0x04)>>2);
DATA _PIN_5 = ((cmd & 0x02)>>1);
DATA_PIN_4 = (cmd & 0x01);
E_PIN = 1;

Delay tW_LCD();

E_PIN = 0;

Busy LCDQ);

Delay(50000);

/*****************************/

/¥ WriteDataLCD Function*/

/****************************/

void WriteDataLCD(unsigned char data)

{

RS_PIN = 1;
DATA_PIN_7 = ((data & 0x80)>>7);
DATA_PIN_6 = ((data & 0x40)>>6);

DATA_PIN_5 = ((data & 0x20)>>5);
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// Strobe High Nibble

// Enable Pulse Delay

// Select Instruction

// Strobe Low Nibble

// Enable Pulse Delay

// 1.64mS Delay

// Select Data



DATA_PIN_4 = ((data & 0x10)>>4);
E_PIN=1;

Delay_tW_LCD();

E_PIN = 0;

Busy_LCD();

RS_PIN = 1;
DATA_PIN_7 = ((data & 0x08)>>3);
DATA_PIN_6 = ((data & 0x04)>>2);
DATA_PIN_5 = ((data & 0x02)>>1);
DATA_PIN_4 = (data & 0x01);
E_PIN = 1;
Delay_tW_LCD();
E_PIN = 0;
Busy_LCD();

}

/*****************************/

7* PutsLCD Function */

/****************************/

void PutsLCD(unsigned char* buffer)

{
while(*buffer I= "\0")

WriteDataLCD(*buffer);

buffer++;

// Strobe High Nibble

// Enable Pulse Delay

// Select Data

// Strobe Low Nibble

// Enable Pulse Delay

// Loop Until End of Message

// Write Character to LCD
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}

/*****************************/

/*Delay tW_LCD Function*/

/****************************l

void Delay tW_LCD(void) // Enable Pulse Delay
{

int i;

for(i=0;i<18;i++);

}

/*****************************/

/* Busy LCD %
JEEERERESRRREISREEIKREASKRRRHIR ]
void Busy_LCD(void) // 40uS Delay
{
unsigned int i;
for(i=0;i<1800;i++);

}

/***********************/

/* Delay Time Function */
/***********************/
void Delay(unsigned long int count1)

{

while(countl > 0) {countl-;} // Loop Decrease Counter

}

/*****************************/

/* Float to String Function */
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/****************************/

void Print4LCD(unsigned long value)

{
unsigned char ibuff[11];
ibuff[0] = (value/100000000)|'0"; // Ten Thousand
ibuff[1] = ((value%100000000)/10000000)|'0"; //
Thousand
ibuff2] = (((value%100000000)% 10000000)/1000000)|'0"; /!
Hundred

ibuff[3] = ((((Value%100000000}%10000000)%1000000)/100000)|'0'; // Ten
ibuff[4] = (((((value%100000000)%10000000)% 1000000)% 100000)/10000)|'0";
// Last Digit
THUFTSY =%
// Point
ibuff[6] =
(((((value%100000000)% 10000000)%1000000)%100000)%10000)/1000|'0";
// Decimal Position 1
ibuff[7] =
((((((value%100000000)% 10000000)% 1000000)% 100000)%10000)%1000)/100|'0’;
// Decimal Position 2
ibuff[8] =
(((((((value%100000000)% 10000000)% 1000000)% 100000)% 10000)% 1000)%100)/10
'0; // Decimal Position 3
ibuff[9] =
((((((((value%100000000)% 10000000)% 1000000)% 100000)% 10000)% 1000)%100)%

10)]'0; // Decimal Position 4
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ibuff[10] = 0;

// Force Zero

if(ibuff[0]=="0")ibuff[0]=""; // Show Space
Position 1
if((ibuff[0]==""&&(ibuff[1]=='0"))ibuff[1]=""; // Show Space
Position 2

if((ibuff[1]=="")&&(ibuff[2]=="0"))ibuff[2]=""; // Show

Space Position 3
if((ibuff[2]=="")&&(ibuff[3]=="0")ibuff[3]=""; B
Space Position 4

PutsLCD(&ibuff[0]);
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A PROTOTYPE OF GROUND-IMPEDANCE METER
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Abstract

This research represents a design conduce to create a
portable Ground-Impedance meter, It dominate feature is easy to
measure without disconnecting ground. A design use Ohm’s law to
calculate impedance value. Electrical circuits and microcontroller that
use in this meter consist of 1.) sine wave signal generator circuit for
induce voltage in ground loop through a high frequency magnetic core
2.) current measurement circuit which use principle of current
transformer (CT) and 3.) process by using microcontroller which bring
a result of impedance and show on LCD monitoring in the same time.
In the future can be improved it's ability by transfer a data of ground
impedance using wireless network that will make a much benefit for
electrical engineering work.
Keyword: ground-impedance
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