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GRID CONNECTION
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Assoc. Prof. Dr. Werachet Khan-ngem Advisor
2007

ABSTRACT

This thesis proposes the 100 W inverter grid connected. The designed single
phase consists of a power circuit and control system. The control system uses
dsPIC microcontroller to generate the SPWM signal feed through inverter for
converting the DC to AC. After that, the low pass filter is used to mitigate high
frequency noises before boosting up the AC wvoltage to 220 V. To synchronize the
power from the battery source to electrical power gnd, the connecting method is used
for controlling wvoltage, frequency and phase angle. The experimental result show the

good connection performance such as over 75% of inverter and lower 5% of THDv.
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a [ 4 5 o [ i L3 Y dn o “ -
futlasiaadoiaunsaisnuuitanarsvzutdiiduasrdssinnnisuir luldude
dunaiinasuuuAduidagidn (Pulse Width-Modulation inverter: PWM inverter) &I%an

o 3 [ ad d d . e L3 .
UszinmniisufadwafimefuuugUaduiniul (square-wave inverter) Sailaseainohi

dudau walitoiRAnrwavasaninalindududn g axlsinge

2.1.1 M3EIATIAILNITNARIRAAINNIIWA( Sinusoinal Pulse Width
Modulation: SPWM)

~ .+~ > - it v = o
lunesduniediiaed daamsvzaiuunauliveusandugdledimansadiv
< [ v v . . .
MmauszaMudnuasInsla lagezlddygruaiuaugdlod (sinusoidal control signal)
o ddw o - . 4 d . A
mummnﬁﬂaom‘smmLﬂmmﬁuunu;sﬂﬂaumumauu (triangular waveform) (W8
Y o a I3 « P P A 4
autlantsditusasBuiefinad lugui 2.1 szusaafioaniafniven9as
- < cA A - = v Lo Y . L. D) o o L g
duledinaineny A wia g A nrvualiusianlWvhauddsasnuazimualinig

slatrianwiuuuy Faudayida (1]
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control iri
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ar v m ® o i - .
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= e & A
spectrum) a4 v, lamdsuwnrifsudvdwnuas (7, ), /v, /2) usaslugi 2.2 (A)
SAF WA YT VEINAD

~

1).foanvaausesulivhiinnuindnya (VA‘,)] =m,(V,/2)

lagfianusunusan
v Vd .
V — controf " ¥ v < (2 4)
Ao ol ' control - — 7 it '
Vfr‘l 2
vumiwl = comtrof Sin a)l[ ' ‘!L-m:fml g Atrr
Vot Vi |
(vAg )1 = | Zeomrot 7o Slﬂ(&)lf) , m, <1.0
Ve 2
(V) =m,-(V,[2)sinws m, <1.0

o) =m,-@,/2) . m, <1.0 (2.5)
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yazuwdammiluBaaunudan m, 5 m, 2:UA0YIENIN 0 09 1

] rey . . a, J s
2). mloduuudafuaiin (sideband harmonic) 3ANATUIBYY) 1m, . 2m 3 m ... 03

wanslusunsfi (2.6) wia (2.7)

£ =lim, k), (2.6)

h=jlm, )tk (2.7)

] ]
= a

o  h=1 s anuiinanya (fundamental frequency)
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Fusnzhliiiasiduvaunisqudiiiudanmcilifinegiat
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397 2.1 mfuednvas (7, ), /(V,/2) 1)

R
h 0.2 04 0.6 0.8 1.0
1 oaptlsznen

<. 0.2 04 0.6 0.8 1.0
AIBNANYD
ny 1.242 1.150 1.006 0.818 0.601
my=2 0016 0.061 0.131 0.220 0.318
my=4 0.018
2my=1 0.180 0.326 0.370 0.314 0.181
2myx 3 0.024 0.071 0.139 0.212
2my= 5 0.013 0.033
3m; 0.335 0.123 0.083 0.171 0.113
Imp=2 0.044 0.139 0.203 0.176 0.062
3met 4 0.012 0.047 0.104 0.157
Imp£6 0.016 0.4
4my=1 0.163 0.157 0.008 0.105 0.068
dmy= 3 0.012 0.070 0.132 0.115 0.009
4m,= 5 0.034 0.084 0.119
dmp=T 0.017 0.050
UG (p{h Wi(Ver2 )[= V), ;lyd} Sulsuves m,
2




13

d 4 a [ d
2.1.2 BunedmesimiAmuvuyau3adl¥maiiantsaiavussiulvivmuyluTwars
usiunefieasuuudariadinadsiazznauludoanafia fo fis A usz v B
'I.v.gﬂﬁ 27 I@]ﬂLmuﬁau“mﬁa:ﬁﬁné’a‘lw-?l'lganhuuum{wu‘%ﬁamLﬁ'\ﬁﬁau‘lmmﬁu

L. 4 v

| e d v w ' o & A
dwdn (V) iiniu Samanzfesdanldifiadainisisidsinialnasgeudanly

4
o W Ala [ 4

fagfiduefiaefinmdniuuuyauied fonmsiueassiad 7, usz T, dasld
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misaTanseswiiuunlulwang (ipolar voltage switching) Aanmsniuqulw
Matuuuiiadiounieutimiug it Ul 2.7 mafhaweesied 7, use T, e
anauauldvhounwianiuluusdasdasom ﬁnﬂﬂﬁaﬁamsﬁﬁmmaaﬂ%'ﬁ T, use Ty,
FoiuussaulWiduoanadie A asiriiy

V==V, Wav,,, >v,, §iat T,, uaz T, 9:uinIzug (2.9)

1 - -
Vi =~5Vd 9 v < Vi 80T T, uss T,, 92U NIZU (2.10)
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vn = vAa _vB

= = a = v
IMYULRYINURUNIN (2.5) 7!]515]

=mV dlo m, <1.0 2.11)

<, dlo m, > 1.0 (2.12)

ﬁ‘*?aawa:m‘ﬂ'lﬁimmﬁu‘lwﬁwuamﬁmaananmﬁuwumsﬁ (2.11) tilo m, oy
Tugudadn wazussewlnvinnsadusanasirinduannish (2.12) atlugalaned
uagta'&’ﬁ ‘

TasAussdulwrduaanazaiadagazming + 7, du ~F, dwuandluguf 2.8
dnloduuuafuafinazifndusauq m,.2m,3m .. \T% winaudsiadarinny
20 kHz losuuuanfuaiinfiesifadudl 20 kHz, 40 kHz uar 60 kHz (Dudw daguitld

afuuluaumsn (2.6)

E a = o '
31N 2.8 naedataussanuuylulneng (1)
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311 2.10 navasealnaldausdudrusangylod
2.2 ngufuasnssemismaaldih

221 ﬁ‘\ﬁ‘ﬂﬂﬁﬂﬂ;ﬂﬂaumgn (Complex Power) [2]

HMD 1963

oL 1339

31 2.11 wnanlrhussnazuafiunugodelag

' @ bt ool < - | -
ml.mﬂu'lwwumzns:uﬁlugﬂnwm‘namuannwmmuﬂ:qu 29IIVTINUI G 18

o % v - v g . - - a vo X a
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V=|ViZa usz 1=|| L5

= -~ - J + Q .
VLI fis ussauusznszugiviiiidusn rms ey

vilwaaunsasiwiamiss i lassurasfdsmvraSuazias v ailon

'lu31J11aadﬁﬁwﬁ'aﬂamwﬁn"l.si’mnuﬂgmmaamm"u‘lﬂﬂ*m“’un‘s:uaﬂaugmﬂ(coniugate of

+ *
tua i : conjugate of the current

™. g & & B ' < b
the current) 3= ldd1d a1 TWHTI0 (comptex power (S)) nitwiaiiu Tavi-uaud (vA)

*
I =|lj2-p

S =VI =|V| a x|/ -8
S=Viilj £(a - 5)

laofi a— B =6 Aa power factor angle %uLas

ﬁﬂﬁ‘agﬂugﬁ rectangular form azle’

S = |V||ljcos @ + j|V|[l|sin&

S=P+jQ.

2.2.2 Msaavanmavgiias Wisewinsdaasenia (3]

BUS 1 BUS 2
| I ~
i 7Z=R+iX S,
@ W~ 4112 >
— —
Sll

1 +
Vi =[V| <8, S

3

31 242 mydaiddvhazndne 2 1

(2.15)

(2.16n)

(2.167)

(G-6)=¢
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1A 2.12 Gaduivlastlaacuniuunurzuugidias W sewdnais 1 00 118 2 waziien

Lo g [

«
-~ ) [ [} o A = -~ a1 A’
Bifuauduasmpdniu Z = R + X daaguzninga Salisumslunmsfiemzd dudelui

Si2= P tiQu= Vi) @.17)
.
Sy =Py +jQu = Vz(’l ) (2.18)
[=Yi=Va (2.19)
zZ
So=Po+jQo (2.20)
lagfl S, fa marlWwidnngdtwaania 1l 1w 2
Sy fa maslwhinngAltwaana 2 Tl o 4
S, #a maslwiunngilnadhgl 2
P, do msslheleiilnanatia 1 Tia 2
Py #p selimieiinsnnw 2 s 1
P, fa ﬁﬁﬂﬂﬁw%oﬁ'lnmiwtju"ﬁ 2
Qn  fn maviWwadawd wavimiw 1 10 1w 2
Qy  #a marlwiusdanilwasnta 2 1o Ow 1
Q, fo ﬁwﬁa'lwﬂuﬁﬁa%ﬁ'lﬂaw’mjlu“a 2
V.V, fa uwnanlWfitda 1 was U8 2 snudan
I do  nszuglviviilmaenna 1 Wi 2
z fio  BuWuaTUBIRIE

. o ' g
drumIn (2.17) Wunwluauniin (2.19)

V-V
Siz = Vi
12 =

v Z_V v —
S12=l - I;H-J)z(légl 4, (2.21)
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¥sumsf 2.18) Wunuluaumsti 2.19)

vh-V'
SZI =V2——2'Z.——1‘

VL P =1V Y, 26,6,
R -iX

(2.22)

fmuald 6, -6, =6
. a d = i v ' [ &
o & #a yuwiaiusafiia (Power angle) daifluguinanisnnuszwitaunauluims

i ar . x [ - -+~ 4 O A’
g9 naunsh (2.21) snemiluaunnde swsowlsallusunadssounlaasii

|V, 1P =1V, [| V; | cosd + j[V,|V,|sind

Spp = i (2.22n)
gadmpaauInnYaIiEIn 9l
- . . .
Sp= ’ vl | | Vl | vz ‘ CO.S‘S +J1V1 ”V2|Sln5 X R+ -!X (2.227v)
R-jX R +jX
RV, = R|V,[|[V,|cos& + X[V, |V, [sin & + J(X|V,|” - X|V,|[V,|cos & = R|V, |V, [sin &)
S12= T w2
R +X
(2.22)
Favas v aunTs
Pra= — o (R RNV, s+ X[V, fsin) 22
1 .
Q= _Rz_+3(_2( X’VI[2 - XV, ”V2|cos§ —R[V||V,|sin &) (2.24)
Turuaadinanu snsumsi 2.22) wld
1 .
Pur= o RN RV, [V foosd = XV vfsing) 229

i .
Q= o7 (XY, |* ~ X|V,|[V,]cos 8 + R|V,[|V,sin &) (2.26)
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Falapmaly  X>>R s ldldmumslnalasszanmesil

| " |sn(5 Po(6) (2.27)

Qiz = %( 'V112 ‘|V1\|Vz|°055) = Qu(d) (2.28)
P - IVIHV2| ' 5__ P
21 = -———=58Ind = -Po(F) (2.29)
X
Qui = L (W, -V Vifeos) = Q6 230)

o
load
Py(5) @8 1m'lvdﬁwnmmsmmﬂlugﬂﬂaﬂ'ﬁumawumm

Qu(J5) @ mao'lwﬂwmuauﬂumimmUlugﬂﬁmmwmqumaa

fwiudadsueainad ifhaiiau snaumshi (2.28) waz (2.30) wele

- Qi —Qy _ |V1f2 _IVZIZ
2 2X

Qav (2.31)

alat

NnFuMIH (2.27) mdulein drdamaRutunainds Wi ese eansorinleaaeds
ms meelil (3]
1. Fmafvrwave e wini 54Gun Voltage support
2. Fmisadiiuanuanduaimas 53N Line compensation
3. ﬁﬁmstwumyumaa A%#li3unn Phase shift
fmngam T gy Wi Inaantad 2 W sfl 1 Avldlaamah
IWyuiaaduwau win 6, > 6, DR
MNaINIA (2.31) xfiwldn vwnavsussdulWiuasdTus nuaudussmes
sfinadadiie Wi aiisnss ‘lunstﬁﬁquﬁ'\é’agnmm’lﬁﬂuguﬁ ( §=0) Hmni
navasusadulwihaaiafisiy fu Taisu Sauviniu (V,=V,) mdelwiisiauas

. L o ' @ v 9 s ' P ' o o v
andsniandnsuazasnnianiv dh W lusmsdsab1sazaTarii9iu uaz sl
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fi‘u-:x'é'waaﬁ‘lé'ataﬁamﬂugud aim'uaumifim"luﬁwa"a"lwﬂw?aﬁa:ﬁdmﬂuquﬁﬁmmu
JUMIN (2.27) uas (2.29)

sﬁfuﬁm'gﬂvlﬁ’h a:fl 4 salmanfsnasamsinavasmariwwiadouas fad
W nafiow laur waz V,, V,, X, 6 Waamudhlarmudunutuasdaudsn 4 faiu
IINFUNITA (2.30)

_[vl(2 +[V,||V2[cosé

Qu(d) = X X (2.32)
Q(&)JVIIZ ] [V |V, |cos S 233
0 X X .
LREINEUMST (2.27) 2z e
Po(d) = lv‘HVZIsina (2.34)
° X

° P = 5 A v g ar +v
WIEUNNTA (2.33) uazFunTA (3.34) MuniisFad udhauannuazla

(Po(5)) + Q,(8)+ \A} = (‘—V'—"Yi]]z((siné)z +(cos8)?) {2.35)
[} o % ! .

X

V_} 2 2 [(Vllv7 }2

R N = - (236)
X X

(Po( )Y + | Q.(6)+

PINFUMIN (2.36) W lUideuifsaivaamywnaunapuluniadamaaiae
(xh) +y-h) = lapfivaguinani@o (b, k) uaz Tvwiaded fa r G3iu auNIN(2.36)

2
o V.| - e aa VUV
:'l@Tq@\ﬂudnmwaanﬁmmauag‘n 4 (0,- [—;zl—) uaziivwaiaiine {—-'4)[72—[

s ar o s - F-9 o L4 * - ﬂl 1 L= L ¥4 A
auanvusvasiias W aSwuasias W eionndnalloadsn 2 Usznay

[ % [ % A o o oo [ . o - o
smpsudinddyiar lauwn v, v, . X ,5 masmh ldnadwasivasnay aI3Ln
2.13
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i b a v L 1 as 72. ('] | )
nytifl 1 dhruudlieussauring v,=v,=1, § =7 uazrimualien X=1
i Q 1 A -« ) i o+
Wakh lunusluaunmsn 2.32) 21d Qoa = -0.29 uazunusnlugunisn (2.34) azld

o i [y 'Y A o as r s P T
Poa = 0.71 a33Uf1 2.13 nmuliduiiu dhwmnifudwaidaunniw lopfi0 <8 <5 H

] v AI ' Yt J a r=y 71' 0 ¥ ]
AT Po > Qp UATNMINLANYUNRINNTUDN Ad §<6 < 7 wmidamanInne

QO > PO
dd‘ - s ¢ sl € 4 ‘!I 71'
NIt 2 dguudinaadduanuant X = 0.8 Tuvmef V,=V,= 1us: 5=Z

anauda ol unusnluaunsf 2.32) 2216 Qs = -0.37 usz sun1Ih (2.34) e
P = 0.88 @'ﬁ;ﬂﬁ 2.13 nTWidudss wie dwnRnsonaua NuFIRUESIRNN1TT
(2.36) \faan i1 X a9 ssvhbifafivaranasumolngTu fe X < X dwed ( X fe
nTLEULsz, X Aanmividuiiu) 3and1ledn draadiuenuaudussmesias Hozrinld

) 1 o Q- L% J
ansnsTumas Wi idunain

°T 0,
a4 . .

0 / 0?{0:!)[0;;)§ 128 1;5
; T

M"”’Q&A : : : PO l
(43.."@73)5.“ _____ ‘*.IB (6'2 f{f4) 0 +'—_—T | AC equivalent
i kN : clrcuit
“. : v or
R I ! 4 Circuit
- | clement
W

B B R e s

S =P4Q

e ady -

1.5+
l'l]P 0. IFUMIN l‘l‘h”l'BN

-
- -

va

m P<0, ']qin'uwmm"lvhh'm

-2‘ ¥ ! ¢
N S K. Q> 0, 3ws5uinid i aifon (pade LA V)
.’ * ! a_ ! L]
. L 21Q <0, 9930 Tldwailon Gpule 11h v)
¥ hid $ . a | H
n) naiemansaLRumas rivh v} Aot 1de v

‘J [ e =) [3 . .l .
sin 213 m'mluﬂmmsmuv}umao‘hﬁlﬁwsa (Po) uaziddwiusiion (Q,) luwsine
wlafyile Adwrhdalwindrgia 2
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2.3 NANN1TBBIDNIIDIMBIAaNUIZULNTS INHA

wasidsBueilaaidenuszuulWiainsdsnaasdagUf 2.44 fdwlsznay
L A‘ [} ] Qs o -4 = o e I! =t r-§
a9l UNEITIBUTIRRNIIURATY (V) aafiudses (C,) dadinds lufididenlsladin
a i o A o
aanilningaules (Ly) unzszuy Wi miavs ( V)

Inductor  Ralay
_ _ L: Switch
Gl G4
| e
Ca = Py Ry
- . ¥t
G3.

e
N

Fr

o
iy

G2

a4 A L.
311 2.14 29hdsBuiafiasde ANUSEUUNNT WA

NN3UR 2.14 IFwanniensvim s marasings WwWhszning 2 e landnlu
o o oA v o a ' ' ) Y '
WP AW LT mmmmumﬂmaamugaazma'm TN aUN LKA
sounadlaun wnsdihwBunaiined (¥, ) uas wwdsdemslwin (v, ) lddsgun 2.15

- Lo+ L<s
~—

31 2.15 assnyavasBunefiaatdanuizuy Wi

1N 2.15 uﬁmjgamaa'ﬁunm‘ma{uuuL%amiaﬁumﬂwﬂw ldwannis
AILAUMT MR BINGINWIWRN (bidirectional power flow) [4] lanimualinszuglWi
1 L3 1 - A Bt L) L
aniENIzUUM TN g zuuBuiaiiaed TauiansIdwuIn T Wi lmin

W oy [ 4 & & d' ° o, 3 -3 o‘: -~ Qs ni
Lmﬂuaunasmaﬂﬂuqu ) mammam‘nmmanﬂLﬂasuummmmuu"lmmgﬂw 2.16
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i [P a Py v
‘.U\]lﬁulﬂﬁlmaﬂﬂa:llniﬂllﬁﬂdﬂjjuﬂuwuﬁﬂadlndﬂuuﬁ:nizuﬂ Iﬂﬂn'ﬁﬂuﬂlﬁ Vg lﬂu

[ " - = L7 W ar Y L% 1 ar [ A’
qaawamvﬂm‘nas’ AWM NUTURBENITTUR W5Ia% wnziad iy asdati

Taptmuald

A o v
Warmuald v,

= wsIeuIINIRasIy v nszuaaTe
= NITURINUWAITIE IR TT LRSS
= wHAUAuIaNINIILTIADT
o = o a
= aanianingauloy
= unautzuulvn
= nITusTTuL WA
. . o e |
= unieuanasayswinninzanle L,
A A v A T
= anudusIawIzuY IWwa (ANUANANYR)
Qs ar A k) d‘ i a
= unauauntenhAnMuinanye
vooa d e
= ns:uas:nu'lww”maaﬁﬂsznaummnmnga
+ a s .l « d o
= ussekdnnaieaifiasnlznaunuinanya

=V, .. sin(w!)

& £.max

v =V sin{wt + &)

inv HTY,INAX

w = 27af,

vg = vfnl- + vf._x_'

di,
Ve = L

dugdedulod Aasonfissdsznauysginazldad

V =V . +V

Iy il Ll

v

gl

:ja)LgIK,

(2.37)

(2.38)

(2.39)

(2.40)

(2.41)

(2.42)

(2.43)
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thaunn (2.43) Wunwlusun1sf 2.42) 3= ldmzuaitinadiszuumslnd da

VL0V, /8
g mT g

243n
ij gl ( )

g

ol a - v aa ol
31n3U1 2.16 (n) adenquinmaauailnmdfduazaunin (2.43) aansant

A L = L A’
AMURUAUD leaaTh
V,asind =V, cosg=wl,(l,cosg) (2.44)
Vaacosd =V, =V, sing=V, ~wl, {,, sin @) (2.45)
o v
PMFUMTIN (2.44) 3210
V.. sind
I, cos¢ =" (2.46)
wlL

naunIn (2.45) a2l

. Vg - I/l.'n'l CO35
I, sing=-f """ (2.47)
wL,
NNANMIT (2.46) 3216
Vg X I/rm'l .
P, =V, cos¢=————sing (2.48)
ng
PINFUMIN (2.47) 9216
Vi-(V.V, ,)cosd
Q;.’ =V;:Ig Siﬂ¢:[ & ( £ ml) ] (249)

wl

4

. v, v
Q, =V, sing= 2 l——p’;’lcosé' (2.49n)
[0)

4 &



29

fivuali
o O - ( [ [ [ [
= yuihd (Power angle) AanaszwinussuszuyIfhnivduisines
= wwnwihnusiuussnszuaszuu Wi (Vg

1)
¢
S, = masWAsng (Apparent power) seuu WA
P, = MAslWRaT (Active power) seuu v

Q. = mMasWHuallau (Reactive power) 32Ul

2.3.1 nMsavaumainihese

PMFUMIN 2.48 ﬁmgﬁfjmnﬁm:uu‘lwﬂmm:uwﬁuﬁunaﬁﬂa%ﬁmmﬁ NPT

.
=

o P ] v
auunaY ¥, e 2.16 (v) I, Faugaslaaan

4

A uuanwiayung 7,

invl
2.17(n) aduneldimadiwiaiseslwsnnssuumsiwih ludeduefiney
A [V [y - - ¥ o [ P
Tunsdlaseiudrn dyuidalidnivay Aoyuausdu 7, sl 7, U
=1 L Lo A w e dl .y Al [ r
216 (7) I, afiaansthany ¥, Twuaadladagufi 2.17 @) adunwldd ddaluin
r3 =3 a [ O =) d' =3 J Qr '
399z mannduiafiaaTludsszuum Wi $asTWinessfiiAaauasudsiiuauen o

woayuridy dinluanuaunisii (2.50)

: . Vg
+ l + 151
1,1 ; L4] - , |
g 4
' ¥ e a w 1 A e w v q ¥
() swdaa Ty () fmfaam iy o pdndusduesaens una@findaiowisan i

U 247 Frmauacgndunizus, unduiiadaudanuszuumsinih

Pg a sind (2.50)
amuluminuguirdsiwiislidwiefine fawfanulwiudhgezuuns
R GRIT aaﬁﬂﬁquLWmLsoGTu‘éuna{m afimiLTIenIzuun TN la s USumng
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232 mIavguinasidinaiionuazdalsznaudige
INNFUNIN (2.49n) FUNFNUTITUTZIUMTIART (V, ) 90riR9 (8) uazdh

Juanuaudvasdiminningeulss (oL, ) Sdraf Maslwieliauezudsunduaiy

unaudunaiined duldawsunsf 2.51)

(2.51)

4 I [ % L3 1 a = ' & ] s 1 [
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=) dl V = I L A‘ 1 A
WINTUHIAUFUNIN (2.49N) I’/#‘ =1z O, 1uagny cosd
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ﬁnngﬂuﬂmmw]auaummqmwﬁmamwsnsaaﬂfnuﬁﬁwchu'l,uqﬂuﬂﬁ lag
a ' oad I ' ) i -
fonunazisongwanuifinessanlieinuin gruanudirnu (pass band) W3a uuua
Aad (bandwidth : BW) ravatarntuanuiifinsetsanldrinldazFondin eau
‘ ] ~ LY a ' '
aNnafing@ (stop band) TnngUazinldidmanuiiianezagszninig o uaz @, lay
= dl 1 d‘ o
\TRLINaNUn @, Tanunanaaw (cut-off frequency)
Tumafifmldaansneinsmsasiinanauauasluiusaaunfled

H{jw) &
1
0.707

o ris)

o At

] 1 a
3N 219 MINUSY WUV 1INTDIUL UYL
mngmmmNaﬂanﬂuaamommﬁﬁmmmé’qmt’n:ﬁ"lﬁlun'\aﬂﬁﬂ’?\ AU
lunsdfiausrdranuiianaanaznaisiy dnnudivuieadgygrudiueanuad
” P a [ . ) ,
vitilesmluBontdiude fduviny 0.707 v W3euszunm -3 dB) 283U
FYYIHGIFA

2.4.1 ANBMLIIVINTBIATINAGTHIMULILANS
Taglludrvesntasanuiidwinuazsznaylddoasddsznaudmdgaasdan
fla @'hmﬁmmLLa:G'f'JLﬁuﬂi:q‘fj’qﬂ%mugﬂuuuﬁwﬁ‘u Mwinudsauaunislasidng
Wihaassasnsas laud
1. 299In7098uGUNILY (first order) 1sznausdiy 2svInsasfididuniionin wiad
iulszaidos 1 6
2. :aasmaaé’uﬁugﬁfu'lﬂ (higher order) fiansainsasiilsznavludies duniiai
sz iz auasaimaiuly léud 299snsosuuuues wuufl uazuLy
Twilifluan
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2.4.2 MALTHADHNITODNUBLIIVTNTAIAINDAEH
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' o 4 & o
wdmdnlWihmaunsoasliusutuaaulaaad

Qs o
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vaslnaaindanwusiduaegly igu
- fanufimamdarinly (power line frequency) L7% 50 Hz #3a 60 Hz
- AT UL UNETER TR (Ve me)
- mns:uagaqﬂﬁﬂﬁﬂha@ (Is.rms)
- anwozvaslnas Tuiluaengls ﬁauﬁmwﬁe’iw%aquﬁmﬁuuﬁmmdaaﬁm

- U NNDYIRY I MIUNIUAGAINIRANEY
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\Ran7UuyU99TNTEIAINGNTN Tﬂngﬁauﬁtmwﬁmaﬂﬂammnma‘oihﬂ IEETRR
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wfasfonmissduaule dasgivnnuduiu uszawevasdmygrmsunIud
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A
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uazlvaa
Z;
High Low
Z 1Y
IR |
High ;Z‘ Z Z‘ -
T % |61 -
(first order capacitor filter type) {second order L-filter type)
Low f | DAAA!
Z _j_ . z,
> T ' 4
(second order L- filter type) (first order imnductor filter type)
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i | | ey
«] 1 S
High T T Z T T A
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e T L AR
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(cascade filter Type) (thurd order T- filter type)
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aNuLRHEI LLazﬂ'ﬂH‘g'Mﬁ’l Wuarudinasliniuen Jedasldaums L=R=-2

1
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e
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|imax,rms ﬁafhnizl,m'lwlﬁ'lgaqﬂﬁ'l'ﬁmu

fminuesnngamiiuds fide d'\ﬂ’nuﬁmmmﬁ'\ﬁfgﬂ ﬁa‘i%aﬂqoqmm’ﬁmu
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4weemafidnaanuaiiseInias
TanSududaanmuamufifidaimsinda (F) uazuwiavesiu @8) mansom e
nnmiia lagldeasdalaalalfaansouan FFT lévdoannnssraasdsliunsy
aauRuaat lagfidausfimnuadoaelysd
F fa anafiveefyyrufidamishda
dB  fa fmsaananiideins o enuifidasmtiia
Lss  fa fnAugnLRe (loss) niafndanisannau luniian dB/decade 289
antasidanldauanss wunlwiluasft H6n Lss = (2N+1)6 uaza993
NIILULUOANAT Lss = 12N
N fa i]“’lu’Ju‘Qﬂ’Jdili'ﬂiENLL@iﬂ:LLUUﬁii’Ill’]@iﬂEl%ﬂﬁJﬁ‘u (number of filters in
tandem) on@78H1IEUlUNTEIYE9299INTRIUVULEALTINALA 2862
mﬁu’:ﬁwu.a:@'f’nﬁuﬂi:i;aﬂnaa:%ﬁaéﬁ fioduiu 1 g0 arld N = 1§
mydanmmaanuliuinga ald N = 2 1 Dueu
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unsdasnasntaswuuf Ansmluriwendsanu Tﬂuagﬂmu'lﬂ %
IJ l e )
19191 2.4 A19ATINTIAANEU (Lss) IWae dB/Octave

Filter Number of filters in tandem
1 2 3 4 5 6 7
L 12 24 36 48 60 72 84
T 18 30 42 54 66 78 90

Walda1audNdaIn13i9e LazwIa eI T ww o uNIAIEaTIMIaaNauY 84
d‘ = 9 d‘ (=3 " :i' a = A J
JuusaTnIasnidans 'Lunqﬂnmmmmm ANUdm 30 Anpan et
Fo fla Audenaan

alef F = —5 = Z (2.53)
2 L%
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o J 9 dl -~ L ;
lagnhiein Ry uazen Fo Al luunwluzams 3.9) use (3.10) leeail
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1
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HGTG20N60B3D

Absojute Maximum Ratings T = 25°C, Unlass Otherwise Specified

Collecior fo Emitler valtage ... .................................... ... B¥cgsg
Collector to Gate Voitage, Rgg =1MQ .. ... .. . . R BVcor
Cadilector Current Continuous. . - ... .. ..o e T Jlea2s
AtTe=110°C .. .. . ... ... . e et
Average Diode Forward Current & 110°C. .. ................. ... ... . - leave)
Collector Current Pubsed (Note 1) ... ................................... ... lcw

Gate to Emitter Votage Continvous
Gateto Emifter Vokage Pulsed . . ... ... . ... ... ....... ... .. ... RN
Switching Safe OperatingAreaat Te =150°C .. ... ................ ..... 880A

Power Digsipation Total at Tc = 25°C .. ... .. O Pp
Power Dissipation Derating Tc »25°C .. ... ... oo R

Operating and Storage Junction Temperatwe Range ... ............ ... .. T, Tg1s
Maimumbead Temperature for Soldering . ... ... .............. .. .. . o T
Short Circuit Withstand Time (Note 2) atVge =15V, ... ......... R R
Short Circuit Withstand Time (Note 2) atVgg =10V, . ........... ... e 15

HG TG 20NGODID
600
600
40
0
20
160
+20
*30

30A at BOOV
165
1.32
-4010 150
260
4
10

UNITS

<

<< PEPP P> P

w
Wwroc
ec
oc
ps
§s

CAUTION: Stresse s atove those Ssted i "Absolue Maximum Rating§ may cause permanent degmage to the device. This is 2 fress only rating and operaton of the
device at these or any olfher Rions ebove thase indicaied in the operation & sections of this specification is ot mpled.

NOTES:
1. Repelitive Rating: Pulse width limited by maximum junction temperature.
2. Veg = 360V, Te = 1259C, Rg = 25Q.

Electrical Specifications T¢ = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collector to Emitter Breakdown Yotage BVcES ic = 250pA, Vg = OV 800 - - v
Collector to Emitter Leakage Current Ices VYcE = BVcEs Te =259C - - 250 pA
Te =150°C - - 20 mA
Collector 1o Emitter Saturation Vollage Vee@an | =lki1o T =255C - 1.8 20 v
Yoe =15¥ Te =160%C B 21 25 v
Gate to Emiter Threshold Voltage VGE(TH) o = 250pA, VoE = Ve 30 5.0 60 v
Gt to Emitter Leakage Current GES VGE = ¥20V - - +100 nA
Switching SOA SSOA Tc = 150°C Vce = 480V 100 . - [
Ve =15V, Veg = 600V 30 - - A
Rg =109,
L= 45uH
Gae to Emter Plateay Voltage VGEP Ic =lc110, Ve = 08 BVces - 8.0 - v
On-State Gate Charge Qaon) k=ki1o Vgg = 15V - ) 105 nC
Vee = 0.5BYces [vge = 20 - 105 135 nC
Currert Turn-On Delay Time taonNy Te = 150°C, - ] - s
Current Rise Time 1y ‘ce = 'co E 20 E ns
Currert Turn- Off Delay Time t&OFF) 5;: : ?58\; BVces, B 220 275 ns
Current F all Time 11 Rg = 104, - 140 174 ns
Tum-On Energy Eon L= 100pH - 475 - wd
Tum-Off Energy (Nate 3) EgrF - 1050 - wd
Diode Forward Votage VeC ec =20A - 1.5 19 v
Oiode Reverse Recovery Time 4y e~ = 204, digcfat = 10DAN s - - 55 ns
lec = 1A, dig ¢/t = 100Afs - 45 ns
Thermal Resistance Rejc IGBT - 0.76 ochn
Diode - - 12 ocw

NOTE:

3. Turn-Off Energy Loss (Eqer) is defined as the integral of the instantaneous pawer loss starting at the traiing edge of the input putse and ending
at the paint where the collector current equalszero (icg = 04) The HG TG 20N50B 3D was tesled per JEDEC standard No. 24-1 Method for
Measurement of Pawer Device Turn-Off Switching Loss. This test method produces the trye total Turn-Off Energy Loss Tum-Onlossesinclude

diode losses

GROD1 Fairchikd Semiconductor Comporation

HGTG20NE0B3D Rev. B
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TOSHIBA TLP250
TOSHIBA Photocoupler GaAlAs (red & Photo-IC
Transistor Inverter
Inverter For Air Conditionor L
. Unit in mm
IGBT Gate Drive
Power MOS FE T Gate Drive 2123 i
L=1
The TOSHIBA TLP250 conmsta of a Gaflfalight emitting diode and a ‘ :-;
integrated photodetector. L -;- -_')3 "f'
Thia unit ia 8-lead DIP package. T _
TL.P250 ia switable for gate driving circuit of IGB T or power MOS FET. - RORLUT L qm JSERroM,
.8
il
+ Input threshold current: I7=5m&(max.) -
+ Supplycurrent (Iock 1 lmA(max) t ?l.mﬁ.‘ }T‘]‘j R
+  Supply voltage (Vog): 10-35V wrzosd s
» OQutput current o) +1.54 {max) saTiom 2
+ Switching time (tpI HipHI ) 1.5pa(mme )
+ Imlation voltage: 2800V dmin)
+ UL recognized: UL1577, file No E6T3®P —_
+ Option(D4) type
VDE approve d DIN VDEOB3406.92,certificate No. 76823 TOSHIBA 11-10c4
Maximum operating inazlation voltage:630VPK Weight:0.54 g
Highe 2 permisgible over voltage: 2000VrPK
{Note) When a VD E0884 spproved type is needed,
please designate the "option (D4)"
+ Creepzge distance:6. 4mmlmin)
Clearance: 6. 4mm(min.)
Schmatic Pin Configuration (top view)
Ve 1 [ —1t1s
X h 2 1 o
2+ < ‘ 1 b }:’,
VF }»:: E 3 j 8
i Vo u
4. ? | 05
, o 1:NC.
AD. 4 F bypass capeitor must be 1 : Anode
connected between pin 8 and 5 (See Note §). 3 : Cathode
4:NC.
5 :GND
6 :\Vp (Outputy
7: Vo
8 :\ec
Truth Table
e ™ Trz
Input On On off
LED ot off on

2004-06-25
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Absolute Maximum Ratings (Ta=25°C)
Characterigtic S ymbol Rating Unit
Forward current 1¢ 20 mA
Forward current derating (Ta 2z 70°C) Alg f4Ta -0.36 mA/"C
@ Peak transient forward curent (Note 1) lepy 1 A
Reverse voltage R 5 v
Junctiontemperature T 125 T
"H'peak output cumment (Pyy < 2 5ps.f< 15kHz2) (Note 2) opH -15 A
“L"peak output current (A £ 2 5us f5 15kHe) (Note 2) brL +15 A
(Ta g 70%C) 35
Output witage Vo v
s (Ta =835%C) 24
o
@ a2 s 70 35
g Supply voltage @ ) Moo v
(Ta =835C) 24
Gutput wolage derating (Ta 2 70°C) &Vo /i aTa 073 Vi
Supply woltage derating (Ta 2 70°C) AVpc /A8Ta -0.73 Vi
Junction temperature T 125 <
Operating frequency (MNote 3) f 25 kHz
Operating temperature @Ange Topr —20~85 <
Storage temperature range T,g -55-125 <
Lead soldering temperature (10 s) (Note 4) Tsot 260 h ™
Isolation vohage (AC, 1 min., R.HS B0%) (Note §) Bvg 2500 ims

Note 1: Puke width Pyy < 1us, 300pps

Hote 2: Exporenential wavetom

Note 3: Exporenential waveformn, IgpH S - 1.0A(S 2.5ps). IgpL S +1.04( S 2.5us)

Note4: Itis2mm or more from a leadroot.

Note5: Device considerd a bwo terminal device: Pins 1, 2,3 and 4 shorted together, and pins 5, 6,7 and 8 shorted

together.

Hote 8. A ceramic capacitor(0.1uF) should be connected from pin & to pin 5 to stabilze the operation of the high

gain linear ampiifier, Failure to provide the bypassing may impair the switching proparty. The total lead
length betwseen capacitor and couplershould not exceed 1cm.

Recommended Operating Congditions

Characteristic Symbol fvin. Typ. Max Unit
Input cument, on (Note 7) IF@"J 7 -] 10 mA
Input voltage, off VEQFF 1] — 0.8 v
Supply voltage Vo 15 — |
Peak output current lopsfoatL —_ — 105 A
Operating termperature Tepr 20 25 70 I 85 °C

Note 7: Inputsignal rise time (fall time) < 0.5 =,

2004-06-25
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INSTRUMENTS

Deta sheet ecquired fom Harmis Semiconductor
SCHSI97D — Revised September 2003

CMOS Hex
Schmitt Triggers

High-Voltage Types {20-Volt Rating}

@ CO401068 consists of six Schmitt-
ipger circuits. Each circuit funclions as an
imntrier with Schmin-trigger action on the
input. The trigger cwwi iches at ditierent points.
for positive- end negativagoing signals. The
difference betwren the pasitive-going voltage
(¥P) antd the negativegaing voltige (Vi) is
defined ashysteresiy voltage (Vi) {zee Fig. @),
The (D401068 types are supplied in 14ead
homretic dual-indine ceramic pl:luaes F3n
suffix), 14-lead dusl-indine pl 13
affix), 14ead smatl-outine packages (M, MT,
M36, and NSR euffixes), and 141ead thin shrink
sali-outinepaclages (PW and PWR suffixes).

93

CD40106B Types

Features:

8 Schmitt-trigger stthon with N0 extirna COMPOnents

® Hysteresls voltage (typ.) 0.9 V st Vpp =6V, 23V
Vppo=19V,and35VetVpp=15V

W Moise immunity greater then 50X

- Noﬂmitmhmd-udfdlﬂm

» Stendardized
1Muudhrquhmtmmnzﬂv

o Maximum input currest of 1 1A ot 18 V ower tull
peckage-temperatury rangs; 100 nA at 18 V end 25°C

8 Low V@ to Vg curmnt during slow
Input remp

u &V, 10-V, snd 15V puranwisic ratings

¥ Mests ol requirersents of JEDEC Tentative

“Standard

1 ch At

Applications.
- Wave ld pdu shagens

v,y
o« High

s Monortable llulvﬂm

Vg™
“eg?

ares s

FUNCTIONAL DIAGRAM

-
I(l,l,‘l )

2 Astable multivibratons by
.Mlm PROTECTLD WY
Ol O PROTELT wOM

MAXIMUM RATINGS, Absoiute-Maximum Values: o
DC SUPPLY-VOLTAGE RANGE, (Vpp) 1

Voltages referenced 1o Veg Terminal} .. .......ioiiiiriinnnnainaceaanas. 0.5V to +20V F 3
INFUT VOLTAGE RANGE, ALL INPUTS ......... tiereveennanas D5V te Vpp +0.6Y
DG {NPUT CURRENT, ANY ONEINPUT 0 tnvrtenensninensnrsansnmsnsansresarsees RT0MA
POWER DISSIPATION PER PACKAGE (PpF J—— “u

FOrTam -S80C 0 + 1000 ... .. iiirenenranoresnsorornrnananmasansrasaaannns S00mW

For To = +1000C th +1259C . Dml_lnw'ltymt:mwmtuzoomw
DEVICE DISSWPATION PER OUTPUT TR.AMSISTOFI
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Packege Types}........ .. 100mwW

OPERATING-TEMPERATURE RANGE (Ta) ...
STORAGE TEMPERATURE RANGE (T,
LEAD TEMPERATURE (DURING SOLOI

..... veerrrirerers e s ~S50C 10 +1259C
) eeees
ING):

At distance 1716 £ 1/32 inch {1.50  0.79mm) from cass for T0smax. ,.......... . +265°C

RECOMMENDED OPERATING CONDITIONS

For maximum reliabitity, norminal operating conditions should be selec ted

80 That operaiion 15 slways within the following rsngey

LIMITS
CHARACTERISTIC TR MAK. UNITS
Suppiy-Voltage Range (For Ty
Full Package Temperatuse Range} 3 18 v i
DYNAMIC ELECTRICAL CHARALCTERISTICS
At Ta = 250C, Input 1y, ty = 2008, Cy = 50pF, Ry = 200 k02
FEST CONDITIONS uMTS
CHARACTYERISTIC vpD UNITS
. {vi TYP. MAX

Propagation Detay Time: S 140 280
tPHL. 10 ruol 140 m
PLH 15 60 120

Transition Time: 5 100 200
1THL. 10 S0 100 ns
TILH 15 40 80

Input Capacilance, Ciny Any Input 5 7.5 pF

3-388

Fig. 1 — Logic diagrem
{1 of & Schenity triggers).

Fig.2 -~ Trpice outpt lew [sink}
CITRAt CRARCEOriTCE,

s Avan

Fig.3 ~ Minirwn outsne ow ik f
currens charectheriticr

Copyright & 2003, Texas Ingruments incorporated
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Ampere - Turns (NI

0 0 S0 100 200 S0 1000 2000 5000 10000 20000 50,000 100000 300000 1,000,000

Energy Storage — ¥ LT (Microjoules)
DC with 10% Ripple
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SINGLE LAYER WINDING TABLE

WIRE SIE (AW -] 20 24 22 20 2 18 17 ] 15 td 13 17 11 10
RESEITIATY wrdd i 23] 13| ea2| so0{ 00| zes| 2w| se0| 102 . [o02c [.oegs | omy [osts | noge TOTAL POVER
HRSSIPATION (WATTS
MAKRA M PSS 10CT | 64 0 t20 | 183 1262 ) 32 | 372 | 445 ] 533 63 [760 |903 | 108 |129 |154 V.
PERALLCAWARLE 25C° | 107 | 152 | 217 | 300 } 441 | 525 | 627 | 750 | 807 407 128 {2 {182 [217 |60 "EMP RasE
TEMP. RSE #0C° | 138 | 157 | 281 | 400 | 57O | 84% |8 o0 ] 166 933 [166 (197 | 235 {204 {33
o ack

ol R "m*:_? NUMBER OF TURNS soce | 2500 | aoer
T§ 8| 80 g [ ] 4 2 1 23§ 038 | 06T
Y20 N jrw {1 ] 5 3 2 1 J1B | 055 | 087
T25 {119 |168 | 18 1" 10 7 5 4 3 2 1 020 | 039 | 57
fas | .73 | 267 1] 1" [} 5 3 p3 1 K127 I P s |
T 144 | 2.79 24 o 15 11 7 2 ] 4 3 z 1 1 DH ] 133 | 23
™ 153 |21 37 -] n 17 12 11 @ 7 3 5 F 3 2 1 + D60 | 130 | M8
™ 1@ |44 | 1 M R L K] 0 3 T 5 4 a 2 2 1 a1 A1 | an
TH 101 {523 | @ k] p.i} 20 15 i z] " 9 7 6 5 4 k] 2 t A83 | 248 | 437
TH |20t {888 | 58 47 37 28 2 13 18 14 12 10 B 7 ] 4 3 09 | .32 | 5N
TS08 | 232 1783 | 59 47 37 28 2 13 16 14 12 w0 B 7 ] 4 3 425 | a3 | esy
TS50 | 295 | 9487 59 47 ¥ 8 2 13 16 14 12 10 B 7 ] 4 3 JA57 | 40 | 82
TSC | 258 |*s8 | 36 F.} 2 16 12 1] g 7 3 5 4 3 2 1 420 ) B6 | 61
T80 | 243 988 | a7 53 41 32 2% 2t 19 18 4 [H 10 8 ! [] 4 A58 | 438 | .8AH
T6HO | 383 | 143 | 57 53 41 3z 2% 21 19 16 12 1 8 H 3] 4 228 | €51 | 1.2
o8 | zar [z | 74 59 L k) £ P21 2 14 i) 14 12 Y] ] { ] ars | sss | uw
TO8A | 2.77 {125 T4 ] 0 36 28 24 21 18 i 1] 12 10 a 7 G 138 | 534 | 104
TesD | a4t 152 | 74 5 45 26 E) 24 ™ 10 14 12 10 E] 7 g 241 | 22 | 127
Trr [ 345 1133 54 43 k4] 2% 10 17 14 12 i3] [} 7 ] 3 A 3 212 | 834 | 118
T80 | 282 (155 |03 | 8 [} 51 38 33 30 27 2 20 17 15 13 H 9 296 | 738 | 1
TR0B | 341 (187 |13 | B2 64 51 38 3 30 27 ] 20 17 15 13 " ) 298 | .B32 | +.57
T8O | 407 (220 | 103 | & 64 51 L) 3 30 27 3 20 17 15 13 1] -] A50 | 1.6 | 1.8
TO0 | 388 (224 |15 | R 72 57 £r) 3N k2 30 b 23 20 17 18 13 11 | 356 | 107 | 183
TH |34 1220 [ 17 | o8 | 24 | 58 | 45 | 4 | 38 | 2t 7?7 2| {8 % [ 13| 1 fase]135 ] 18
TIOE |44 [M0 | 118 | B 74 59 # 4) 36 N H4 24 21 18 15 13 11 | 492 | 147 | 258
TI06A| 383 | 268 | 118 | 85 74 59 # &) 36 3 7 24 21 18 18 13 1M | 427 1.8 | 225
T186H| 5.13 |86 | 118 | 8 74 59 48 &) 36 ki 7 24 21 18 15 13 11| 565|139 | 2w
Ti24 | 395 |333 | 150 | 120 | &5 75 39 52 48 40 8 3 27 pil al 1% 15 | 328 ] 138 | 279
TI0 (473 |422 | ma ] 133 | 105 | &3 65 S =1 49 E) 35 3 27 3 20 IR EFEIREEY
THHA| 207 |32 05 133 ] 105 a b » 1o ] 45 35 a1 27 P 20 17 gz2s 18 | 2
T4 | 511|421 | 1M | 107 13 67 52 43 11 G 22 28 24 21 18 16 13 | 568 | 230 | 282
T2 (495 422 | 147 | 142 | ma 74 AR 8t 45 4an B a 27 n 1% 15 ATt [ oM [ Am
T (475 |66 | B8 | 157 | 119 | 85 5 63 59 52 <6 15 a5 a1 7 24 20 | 74| 223 | 382
T150 | 58 [332 180 145 | 114 91 A 51 56 49 <4 38 o) x e = 19 346 | 253 | 445
T157 | 583 (632 | 204 | 164 | 120 | 103 | 31 T2 84 56 50 44 39 k1] i) 2% 23 1101 ] 30 |52
7175 | 6.58 | raq 2 186 | 147 | 197 | 92 a2 3 64 57 50 44 39 4 k| 26 | 126 | 3.76 | 6.16
Tage (7540|892 | 202 ] 183 | 128 | 102 | m I3 83 56 50 44 38 3 29 26 22 | 142 | 425 1 TAY
T2 [652 [808 {2r0 { 227 [172 |37 [ w08 | &5 B8 76 87 &0 53 46 41 3% 31 1451 433 { 76!
T2HOB[ 8.73 [t20 j2r0 | 227 (172 |37 | w08 | @3 88 [ 67 80 53 46 41 36 KTl 191 | 874 | 100
an | 6w) | 111 | aue | 163 ] 1w | oz | &1 (7] 63 b a0 as s k) & P 22 |l s |92
T225 | 09Y | 109 | 405 | 246 | 195 | 1465 | 123 | 1o a7 80 T o8 6a 93 “0 41 30 174 | 521 | 910
T226@| 029 | 1423 | 3056 | 246 { 106 | 166 | 3 | o | o7 86 8 1] 60 63 16 1 8 | zor] &ro {119
T250 | 16A {186 | 270 | 27 {172 { 127 | wa | @ 88 76 67 80 53 46 41 * M | 263 288 | 139
THO (785 173 | €22 | 341 f 27 {296 | 171 | 23 [ 136 | 1219 | 108 @ a5 75 &6 5% 52 | 275 | B3 | 145
T300D) 105 | 223 | <22 | 341 {270 | 216 | t7v | se3 | 13 | 120 ) 108 9% 85 75 6 58 52 {355 | 106 | 187
T400 {111 [ 301 | <09 | 399 | 317 [ 254 | 701 | 419 | 160 | 142 | 126 113 | 100 | &8 ki 88 61 | <79 | 143 | 262
TA000D| 149 | 384 | <B4 | 399 | 37 | 254 0t | %19 [ 160 [ 142 | 126 113 | 100 | a8 Fi:] as 61 | €10 | 182 | 321
T520 | 13.7 | 498 | 680 | 5%0 T |50 Fz7a | 248 | 221 1197 | 176 155 [ sae | 12a | we | @ 66 [ 788 256 |45
T5:00| 17.7 | 628 | 680 | 550 T30 | Z7B [ 248 [ 22 107 | 126 155 [ ta0 | 123 | wa | 97 86 | 10.0 | 0.0 | 527
T80 | 230 [888 789 | 621 | 49« | 396 | 5 | 267 { 250 | 223 | 198 77 | 158 | 139 | 124 | 110 | 98 | 6.7 | 68 | 825
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TLO8G, TLO81, TLO82, TLO84, TLA81A, TLOS2A, TLO34A

TL031B, TL082B, TL084B, TLO82Y, TLOB4Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS031A-D 2297, FEBRUARY 1977-REVISED NOVEMBER 1832

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

® Low-Power Consumption

® Wide Common-Mode and Differential
Yoltage Ranges

® Low InputBias and Offset Currents
® Qutput Short-Circuit Protection

® Low Total Harmonic

® High Inputimpedance. .. JFET{nput Stage

® |nternal Frequency Compensation (Except
TLOSO, TLOSOA)

® Latch-Up-Free Operation
.13 Vius Typ
® Common-Mode Input¥oltage Range

® High Slew Rate ..

Distortion .. .0.003% Typ Includes Yoo+
TLOSO TLOS1, TLO81A, TLOBIB TLO8Z, TLORZA, TLOBZE
D, P,OR PWPACKAGE D, JG, P, OR PWPACKAGE D, JG, P, OR PW PACKAGE
(TOP VIEW) ({TOPVIEW) (TOP VIEW)
N1/COMP [] 1 g ] comp OFFSETN1 {J1 - s]] NC 1ouT ]+ 8l Vocs
IN-[}2 Pvee IN- ]2 1 Vee 1IN-[] 2 20Ut
IN+]3 sfjouT IN+ {§3 6f] OUT 1IN+ [} 3 6l 2IN-
Vee-{} ¢ 5[] OFFSET N2 Vee-l 4 5]) OFFSET N2 Vee-[1 4 s[12IN+
TLOB1IM ... FK PACKAGE TLOB2M ... FK PACKAGE
{TOP VIEW) (TOP VIEW)
z -
£ =S
% (‘__!) oo >(‘_)(_)
ofocoo
z0z=Zz =2 NC . 2120191[NC
NG ]43 2 1 201913[ NC 1IN=-[]5 47f] 20UT
- NC 16 16} NC
IN-0] 5 17 Vee»
ne 6 s NC 1IN+ []7 15[] 2IN—
NC |le 14[] NC
IN+ ] 7 1s[jouT 9 10111213 !
NC f|8 14 NC
]910111213|: e Lo+ 0o
[ Tom Yo T m ] z8z=zz
ol oxNo £«
zQCz=z=
. O~ =
> w
&J TLOB4M. . .FK PACKAGE
e P
o (TOP VIEW)
TL D84, TLOB4A, TLOBAB 5 5.
D, J,N, OR PWPACKAGE Z000Z2
{TOP VIEW) —_——Za 9
20
1out fv ~ 1 aout 1IN+ 4 IN+
tn- ]2 afam- NC NC
1IN+ {3 12f] 4N+ Voo vCC-
Vee+ {] ¢ 11§l Vee- NC NC
21N+ | 5 1033|N+ 2IN+ 3 IN+
2iN- [ af] 3IN-
20UT ET e 30OUT
NC—No intemal connection
;Eﬁl:ﬂb:’nlu inbmatos & ur.I:Ms oll h:.:l dam. Copyight @1992, Texas instruments incorporated
dld.:ulry. Podue nc‘:::;':nlg tbuuj.:unu-zu mm "l'ms ﬂﬁﬁ“ﬁm‘:&s'gﬁ ?'8 oy '..::;t:.
S lingol dipuinens. IN process iag does 8oL bacess ar iy include iestig ofall praselar's.
STRUMENTS

FOST OFFICE BOX 05330) + DALLAS, TEXAS 75705
POST OFFICE D%!’;siiﬂ'wOUSTON.TEIAS
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by BCS46D

Amplifier Transistors

NPN Silicon

BC546, B
BC547,A, B, ¢
BC548, A, B, ¢

COLLECTOR
1
BASE
3
EMITTER
MAXIMUM RATINGS "2t
8C | BC jBC
Rating Symbal 546 547 | 548 Unit CASE 29-04, STYLE 17
Coliector—Emiter Vollage Veeo |65 | 45 | 30 | wvde 10-92 (T0-226AR)
Collector—Base Volage vceo |80 | 50 | 30 vdc
Emiter-Base Vottage VEBO 6.0 Vde
Coliector Curent -—— Confinyous g 100 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mw
Derate above 25°C 5.0 mNeC
Tota Device Dissipation @ Tc = 29°C Pp 1.5 ¥vatt
Derate above 25°C 12 m¥PC
Operating and Storage Junction Ta. Tetg =550 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Charadteristic Symbol Max Unit
Thermal Resistance, Junction 1o Arblent | Rgya 200 oG
Thermal Resistance, Junction to Case Rgic 83.3 °Ciw
ELECTRICAL CHARACTERISTICS (Ta = 25°C uniess otherwise noted)
| Characteristic | symbol | Min | Tyo | max | umt ]
OFF CHARACTERISTICS
Collector-Emiter Breakdown Vokage BC546 VBR)CEO 65 — — v
(c=1.0mA 1g=0} BC547 45 — —_
BC548 30 — -
Collector—Base Breakdown Voltage BC546 V@ER)CBO 80 — — v
(¢ = 100 pAdc) BC547 50 — —
BC548 30 — —_
Emiter—Base Breakdown Voltage BC546 V(BRIEBO 6.0 — — Y
(E=10pA,Ic=0) BC547 6.0 — —
BC548 6.0 — —
Coliector Cutaff Current ICES
(VoE= 70V, Vge=0) BC546 — 0.2 15 nA
VcE=50V, VBE=0) BC547 — 0.2 15
(VCE= 35V, VRE=0) BC548 — 6.2 15
Vo= 30V, Ty = 125°C) BCH46/54716548 — — 40 pA

REV 1

©Motorota, Inc. 1996

@ MOTOROLA
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BCSAS, B BCBAT, A, B, C BCS4Y, A, B, C

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted) (Continued)

98

| Characteristic Symbot | Min Typ Max unk |
ON CHARACTERISTICS
DC Current Gain hFE —
(c=10pA, VcE=5.0V) BCS4TAIS48A - 50 —
BC5468/5478/5488 s 150 —_
BC546C — 270 —_
Gc=20mA, Vce=50V) BCS546 1o — 450
BCH47 10 — 800
BCS48 110 - 800
BCHATAIGABA 10 180 220
BC546B/5478/5480 200 290 450
BCH47CMBCH48C 420 520 800
fc=100mMA, VCg=50V) BCS47AIS4BA — 120 —
BC546B/5478/5488 —_ 180 —
BC548C _ 300 —

Collector—Emttter Saturation Voliage YCE(sa) A
(Ic=10mA, Ig= 0.5mA) — 0.09 0.25
(Ic=100mA,ig=50mA) — 0.2 0.6
(Ic= 10 mA, Ig= See Note 1) — 0.3 0.6

Base--Emitter Saturation Voliage VBE(sal — 07 — v
(c=10mA, Ig=0.5mA)

Base—Emitter On Volage YBE(an) v
(c=20mA, VoE=5.0W 0.55 - 07
(c=10mA, VeE=5.0V) — — 0.77

SMALL-SIGNAL CHARACTERISTICS

Current-Gain — Bandwidth Product iy MHz

(Ic=10mA, VcE= 50V, (=100 MHz) BC546 150 300 —
BCH4T 150 300 —
BC548 150 300 —

Qutput Capacitance Cobo — 1.7 45 pF
Mep=10V,lc=0,1=1.0MH)

Input Capacitance Cibo - 10 — pF
Vep=05V,Ic=0,1= 1.0 MH?)

Small-Signal Current Gain hre _
(c=20mA, Vee= 5.0V, f=1.0 kH) BC546 125 - 500

BC5471548 125 - 900
BCSATAIS4BA 125 220 260
BCS546B/547B/548B 240 330 500
BC547CI1548C 450 600 900

Noise Figure NF dB
(c=02mA YVcE=50V,Rg= 2k, BC546 - 20 10
f= 1.0 kHz, Af = 200 Hz) BC547 — 2.0 10

BC548 — 20 10

Note 1: Ig i value Tor which I = 11 mA at Veg = 10V,

Motorola Small-Signat Transistors, FETs and Diodes Device Data
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General Description

The LMI139 series consists of four independent precision
voktage ¢ omparators with an offset voltage specification as
low as 2 mV max for all four comparators. These were
designed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators also have a unique characters-
tc in that the input commoen-mode voltage range includes
ground, even though operated from a single power supply
voltage.

Application areas include imitc omparators, smple analog to
digital converters; pulse, squarewave and time delay gen-
erators; wide range VGO, MOS cleck timers; multivibrators
and high voltage digital logc gates. The LM139 seres was
designed to directly interface with TTL and CMOS. When
opetated from both plus and minus power supplies, they will
directly interfase with MOS fogic— where the low power
drain of the LM339 is a distinct advantage over standard
comparaloers.

March 2004

LM139/LM239/LM339/LM2901/LM3302
Low Power Low Offset Voltage Quad Comparators

Features

= Wide supply wokage range

u |M139/139A Series 210 36V Of 21 10 218 Ve
w LM2901: 21036 Ve of =1 to =18 Vg
u | M3302: 210 28 Vo of 21 to 14 Ve
® Very low supply current drain (0.8 mA) — independent
of supply voltage

Low input biasing current:

Low input offset current:

Offset voltage:

[nput c ommen-mode voltage range includes GND
Differential input voltage range equal to the power
supply voltage

Low output saturation voltage: 250 mV at 4 mA
Qutput votage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

25 nA
+5 nA
=3 mV

Advantages

High precision ¢ omparators

Reduged Vs drift over temperature
Eliminates need for dual supplies

Allows sensing near GND

Compatible with al forms of logic

Fower drain suitable for battery operation

One-Shot Multivibrator with Input
Lock Out
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7))
® R
TAK CHEONG o
16))
SEMICONDUCTOR o
00
N
1 Watt DO-41 Hermetically L~
Sealed Glass Zener Voltage E
Regulators (8]
AXIAL LEAD h
DO41
L
Absolute Maximum Ratings  T.= 25'C unless atherwiss nofed g)
Paraneter Vale Uruts CEVICE MARIONG E
Storage Temperaure Range -65 to +200 C e =
Maximum Junction Operating Temperature +200 ] b L
Total Device Dissipau:m — 10 watl ) ! I;‘ : <t
Thermal Resistance Junction ta Lead §1.5 CIwW A o
Thermal Resistance Junclion to Ambient 100 ‘Ciw L ' ‘Logo rs
Lead Temperature (1/16* frorn case for 10 seconds) +230 °c Deuce Code : TCINHZ A =
These ratings are lim Ling values above which the servceshilty of the doce may be impaired.
&)
Specification Features: o
8 Zener Voltage Range 3.3 to 56 Volls
"  DO-41 Package (JEDEC)
" Through-Hole Device Type Mounting ° N g n
% Hermetically Gealed Giass Cathode \Y Anode
8 Compression Bonded Construction
% Alleemnal surfaces are corrosion resistant and leads are readily solderable
" Cathode indicated by polarity band ELECTRICAL SYMBOL
Electrical Characteristics Ta= 25'C unless ctherwiss noted
Devica Type V&%Sr I erg)lz‘r I ZZK(.% Izx Il&)Vl Ve
Nominal (mA) Max (mA) Max Max ats)
TC1N4T28A 3.3 75 10 1 400 100 1
TCINAT29A 3.6 69 10 1 400 100 1
TC1N4730A 3.9 64 9 1 400 50 1
TCIN4731A 43 58 9 1 400 10 1
TCINAT3I2A 47 53 8 1 500 10 1
TCIN4T33A 5.1 49 7 1 550 10 1
TCiN4734A 5.6 45 5 4 600 10 2
TC1N4735A 6.2 41 2 1 700 10 3
TCINAT36A 6.8 37 3.5 1 700 10 4
TCIN4T37A 1.5 34 4 05 700 10 5
TC1N4738A 8.2 31 4.5 05 700 10 6
TCIN4T39A 91 28 ) 05 700 10 7
TC1NAT40A 10 25 7 0.25 700 10 76
TCINAT41A 11 23 8 0.25 700 5 8.4
TCINATA2A 12 21 g 0.25 700 5 91
TCINATAZA 13 19 10 0.25 700 5 3.9
TCINAT44A 15 17 14 0.25 700 5 11.4
TCINAT45A 16 15.5 16 0.25 700 5 12.2
TCINAT46A 18 14 20 0.25 700 5 137
TCINATATA 20 12.5 22 0.25 750 5 15.2
TCINAT48A 22 1.5 23 0.25 750 5 16.7

March 2003/ B
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JQAX-13F

Coil Parameter (AC)

Coil voltage Pickup Release
Dash v Cail Rated voltage voltage Coil
numbers resistance current V{max) V{min) power
Rated Max. 210% mA (30%0f rated (30%of ratea VA
voltagel valtage)
00BAC-1200 6 6.6 11.5 1830 48 1.8
012AC-1200 12 132 46 91.0 96 36
024AC-1200 24 26.4 184 46.0 19.2 1.2
036AC-1200 36 396 320 3.0 26.8 0.8
048AC-1200 48 52.8 735 24.0 38.4 14.4 12
110AC-1200 110 12 3800 1.0 88.0 33.0
120AC-1200 120 132 4550 9.3 36.0 38.0
220AC-1200 220 242 14400 52 176 £6.0
240AC-1200 240 312 15210 3.5 192 72.0
012AC-2000 12 132 24 167 96 36
024AC-2000 24 6.4 100 g3 19.2 72
036AC-2000 36 396 230 56 28.8 10.8 20
048AC-2000 48 52.8 410 42 38.4 14.4 ’
110A C-2000 110 121 2300 18 88.0 330
220AC-2000 220 242 9600 g1 176 £5.0
240AC-2000 240 312 12100 6.2 192 72.0
012AC-2500 12 132 20 208 96 36
024AC-2500 24 264 78 104 19.2 1.2
036AC-2500 36 39.6 180 69 28.8 10.8
043AC-2500 | 48 52.8 350 52.1 39.4 144 25
110AC-2500 110 121 1600 27 £8.0 330
220AC-2500 220 242 6700 114 176 56,0
240AC-2500 240 Nz 9120 98 192 72.0

CAUTION: 1.The use of any coilvoitage lessthan therated coil voltage will compromise the operation of the relay.
2. Pickup and release voltage are for test purposesonly and are not to be used as design criteria.

Operation condition

insulation Resistance”

1000M & min (at 500vDC)

Diglectric Strength”
Between contacts
Between contatt and coit

50Hz 1000V
50Hz 1500V

ltem 7 of IEC255-5

ltem 6 of IEC255-5
ltem B of IEC255-5

Shock resictance

100mis  1ims

IECBH8-2-27 Test Ea

Vibration resistance

10~55Hz double amplitude 1.5mm

1EC68-2-6 TestFu

Terminals strength

B8N 4N({PC type)

IECBB-2-21 TestUa2

Solderaviiity

235 -2 3-0.5s

tECES-2-20 Test Tamethod 1

Ambrent Temperature

-40~70%; -25~TOC(3C40)

Relative Humidity

85% (at 30L)

IECEB-2-3Test Ca

Mass

379(1C,2€),509(3C); 70g(4C)

Note: 1) when testing, coil terminats should be connected , ifLED is instalied in relay .

Qualification inspection:
Perform the qualification test as specified in the table jv of IEC255-19-1 and minimum sampie size 24,

Safety approvals

Safety approval UL&CUR T2V cQc
10ARTIVAC . .
Load 12A1250VAC,28YDC 10A2TTVAC,28YDC 10A/220VAC
YeHP 125VAC

NMirgbo Huaguan Relay Corporation TR, e
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#include<p30F4011.h>

#include<adc10.h>

#include<lcd4011.h>

#include<pwm.h>

#include<adc10.h>

#include<incap.h>

#include<ports.h>

#include<timer.h>

#define V_offset 512

#define |_offset 512

unsigned int sine_addr_p= 0;

unsigned int timer_value,x;

float ma =0.65;

float pdct;

_FBORPOR(PBOR_ON&BORV_208&PWRT_648MCLR_EN&PWMxH_ACT_LO&PWMxL_A
CT_LO&RST_PWMPIN);

_FWDT(WDT_OFF);

_FOSC(CSW_ON_FSCM_OFF & XT_PLL16);

_FGS(CODE_PROT_OFF);
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static float sine_table{400]={

0,6,13,19,25,31,38,44,50,56,63,69,

75,81,87,93,99,106,112,118,124,130,135,141,

147,153,159,165,170,176,182,187,193,198,204,209,

214,220,225,230,235,240,245,250,255,260,265,269,

274,278,283,287,292,296,300,304,308,312,316,320,

324,327,331,334,338,341,344,347,351,354,356,359,

362,365,367,370,372,374,376,378,380,382,384,386,

387,389,390,392,393,394,395,396,397,398,398,399,

399,400,400,400,400,400,400,400,399,399,398,398,

397,396,395,394,393,392,390,389,387,386,384,382,

380,378,376,374,372,370,367,365,362,359,356,354,

351,347,344,341,338,334,331,327,324,320,316,312,

308,304,300,296,292,287,283,278,274,269,265,260,

255,250,245,240,235,230,225,220,214,209,204,198,

193,187,182,176,170,165,159,153,147,141,135,130,

124,118,112,106,99,93,87,81,75,69,63,56,

50,44,38,31,25,19,13,6,0,-6,-13,-19,

-25,-31,-38,-44,-50,-56,-63,-69,-75,-81,-87 -93,

-99,-106,-112,-118,-124,-130,-135,-141,-147 ,-153,-159,-165,
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-170,-176,-182,-187,-193,-198,-204,-209,-214,-220,-225,-230,

-235,-240,-245,-250,-255,-260,-265,-269,-274,-278,-283,-287,

-292,-296,-300,-304,-308,-312,-316,-320,-324,-327,-331,-334,

-338,-341,-344,-347 ,-351,-354,-356,-359,-362,-365,-367,-370,

-372,-374,-376,-378,-380,-382,-384,-386,-387,-389,-390,-392,

-393,-394,-395,-396,-397,-398,-398,-399,-399,-400,-400,-400,

-400,-400,-400,-400,-399,-399,-398,-398,-397,-396,-395,-394,

-393,-392,-390,-389,-387,-386,-384,-382,-380,-378,-376,-374,

-372,-370,-367,-365,-362,-359,-356,-354,-351,-347 -344 -341,

-338,-334,-331,-327,-324,-320,-316,-312,-308,-304,-300,-296,

-292,-287,-283,-278,-274,-269,-265,-260,-255,-250,-245,-240,

-235,-230,-225,-220,-214,-209,-204,-198,-193,-187,-182,-176,

-170,-165,-159,-153,-147,-141,-135,-130,-124,-118,-112,-106,

-99,-93,-87,-81,-75,-69,-63,-56,-50,-44,-38,-31,

-25,-19,-13,-6};

int phaseshift = 0;

long
t100us,t10ms,t50ms,t100ms,t1s,Vgdatab,Vg_use,Vinv_use,lg_use,linv_use,Vbatt_use,Ibatt_

use,
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t10ms_count,t50ms_count,t100ms_count,t1s_count,

ADC_Vg,ADC_lg,ADC_Vinv,ADC_linv,ADC_Vbatt, ADC_|batt,

Vgdataavg,lgdataavg,Vinvdataavg,linvdataavg,Vbattdataavg,|battdataavg;

unsigned long int Vgdata,lgdata,Vinvdata,linvdata,Vbattdata,|battdata,a,b;

unsigned long Vdiff;

long div_count;

int capturetimer;

float timecycle;

unsigned int result[5], old_result[5},i;

void delay(unsigned int ms)

{
int i,a;
for(i=0;i<ms;i++)
{
for(a=0;a<816;a++);
}
}

void _ISR _FLTAlInterrupt(void)
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IFS2bits. FLTAIF = 0;

return;

void _ISR _T1Interrupt{void)

IFSObits. T1IF = 0;

t10ms_count++;

tb0ms_count++;

t100ms_count++;

t1s_count++;

t100us++;

if (t110ms_count >= 100)

t10ms++;

t10ms_count = 0;

if (t50ms_count >= 500)
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t50ms++;

t50ms_count = 0;

if (t100ms_count >= 1000)

t100ms++;

t100ms_count = 0;

if (t1s_count >= 10000)

t1s++,

t1s_count = 0;

return;

{****function display adc value*™™***//

void display_adc_value(unsigned char addr, unsigned int val)

char i;

lcd_command(2);



lcd_command{addr);

for(i=0;i<4;i++);

lcd_text(0x20);

inttolcd(addr,val);

i*****funtion display sceen title******//

void display_title()

{

lcd_puts(LINE1," 10 bit ADC for ");
00H

lcd puts(LINE2,” dsPIC demo ");
40H

lcd_delay(1000);
}

void pwm_int()

IEC2bits.PWMIE = 1;

IPC9 = 0xd000 ;

110
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DTCON1 = (PWM_DTAPS4 & PWM_DTA2);
FLTACON = (PWM_OVA1H_ACTIVE &
PWM_OVA2H_ACTIVE &
PWM_FLTA_MODE_LATCH &
PWM_FLTA1_DIS &
PWM_FLTA2 DIS };
PTCON = (PWM_EN &
PWM_OP_SCALE1 &
PWM_IPCLK_SCALE1 &
PWM_MOD_UPDN);
PWMCON1 = (PWM_MOD1_COMP &
PWM_MOD2_COMP &
PWM_PEN1H &

PWM_PENIL );

void PWM()

pdc1= 400 + (float)(ma*(sine_table[sine_addr_p]));

sine_addr_p++;

if (sine_addr_p>399) {sine_addr_p = 0;}
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return;

void _ISR _PWMInterrupt(void)

{
PDC1 = pdet;
PWM();
IFS2bits. PWMIF = 0;
}

/****function initialize for adc module****//

void adc_init()

ADCON1bits.ADON = 0;

ADPCFG = 0x0000;

ADCON1 = 0x00ES6;

ADCON2 = 0x0414;

ADCON3 = 0x0210;

ADCHS = 0x0000;

ADCSSL = 0x003F;

ADCON1bits. ADON = 1;
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Mfunction for initial input capture//

void capture_init()

{
TRISDbits. TRISDO = 1;
ConfigIintCapture1(IC_INT_PRIOR_1 & IC_INT_ON);
T3CON = 0x8000;
OpenCapture1(IC_IDLE_STOP &
IC_TIMER3_SRC &
IC_INT_1CAPTURE &
IC_EVERY_RISE_EDGE);
}

Hinterrupt service routine capture every rising edge//

void _ISR _|C1Interrupt{void)

sine_addr_p =0;

IFSObits.IC1IF = 0;

/****function timer1 interrupt****//
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int int_t1_init(void)

unsigned long match_value;

ConfigintTimer1(T1_INT_PRIOR_7 & /ftimer1 interrupt priority 7

T1_INT_ON);

WriteTimer1(0);

match_value = 1600;

OpenTimer1(T1_ON &

T1_GATE_OFF &

T1_IDLE_STOP &

TI_PS_1.1&

T1_SYNC_EXT_OFF &

T1_SOURCE_INT, match_value);

{****function analog to digital converter****//

void ADC(void)
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for(i=0;i<6;i++)

ADCON1bits.SAMP = 1;

while(!ADCON1bits. SAMP);

ConvertADC10();

while(ADCON 1bits. SAMP);

while(BusyADC10());

resultfi] = ReadADC10(i);

void sum_ADC()

if(result[0]>=V_offset)

Vgrid

{ ADC_Vg = result[0] - V_offset;}

if(result[0]<V_offset)

ADC Vgrid

{ ADC_Vg = V_offset - result[0];}

if(result[1]>=I_offset)



Igrid
{ ADC_lg = result[1] - |_offset;}
if(result[1]<l_offset)

ADC Igrid
{ ADC_lg = |_offset - result[1];}
if(resuit[2]>=V_offset)

Vinv
{ ADC_Vinv = result[2] - V_offset;}
if(result[2]<V_offset)

ADC Vinv
{ ADC_Vinv = V_offset - result[2];}
if(result[3]>=I_offset)

linv
{ ADC_linv = result[3] - |_offset;}
if(result[3]<I_offset)

ADC linv
{ ADC_linv = |_offset - resuit[3];}
if(result{4]>=V_offset)

Vbatt

{ ADC_Vbatt = result[4] - V_offset;}
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if(result[4]<V_offset)

ADC Vbatt

{ ADC_Vbatt = V_offset - result[4];}

if(result[5]>=1_offset)

Igrid

{ ADC_|batt = result[5] - I_offset;}

if(result[5]<I_offset)

ADC Igrid

{ ADC_lbatt = |_offset - result[5];}

Vgdata = Vgdata + ADC_Vg;

Vinvdata = Vinvdata + ADC_Vinv;

Igdata = Igdata + ADC_Ig;

linvdata = linvdata + ADC_linv;

Vbattdata = Vbattdata + ADC_Vbatt;

Ibattdata = Ibattdata + ADC_|batt;

void avr_ADC()

Vgdataavg = Vgdata/div_count ;

Vinvdataavg = Vinvdata/div_count ;
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Igdataavg = Igdata/div_count ;

linvdataavg = linvdata/div_count ;

Vbattdataavg = Vbattdata/div_count ;

Ibattdataavg = Ibattdata/div_count ;

div_count = 0;

Vgdata = 0;
Vinvdata = 0;
Igdata = 0;
linvdata = 0;
Vbattdata = 0;
Ibattdata = 0;

}

void gain()

{

Vg_use = Vgdataavg*1.6767;

Vinv_use = Vinvdataavg*1.6767;

Ig_use = Igdataavg*1.6767;

linv_use = linvdataavg*1.6767;

Vbatt_use = Vbattdataavg*1.6767;

Ibatt_use = |Ibattdataavg*1.6767;
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void change_ma()

{
Vdiff = Vinv_use-Vg_use;
TRISCbits. TRISC13 = 0;
if( Vinv_use < 225)

{ ma = ma + 0.01 ;iffma>=0.95) ma = 0.95 ;}
if((Vinv_use <= 230)&(Vinv_use >= 210)) ma=ma;
if(Vinv_use > 235 )

{ ma = ma - 0.01 ;if(ma<=0.50) ma = 0.50 3}

x=ma*100;
Hif(Vdiff <= 5)

{ PORTChits.RC13 = 1;}
if(Vinv_use >= 230)

{ PORTCbits.RC13 = 0;}
if(Vinv_use <= 210)

{ PORTChbits.RC13 = 0;}*/

}

/****interrupt service routine for external interruptO(switch for phase shift up)****//

void _ISR _INTOInterrupt(void)
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{
delay_ms(10);
IFSObits.INTOIF = 0;
phaseshift = phaseshift+1;
if(phaseshift>10)
{
phaseshift = 10;
}
}
/"***interrupt service routine for external interrupt1(switch for phase shift down)****//

void _ISR _INT1Interrupt(void)

delay_ms(10);

iFS1bits.INT1IF = 0;

phaseshift = phaseshift-1;

if(phaseshift<1)
{

phaseshift = 1;
}
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int main(void)

led_init();

display_title();

lcd_clear();

adc_init();

int_t1_init();

pwm_int();

PTPER = 400;

capture_init();

while (1)

if (t100us >= 1)

b++;

ADC();

sum_ADC();

div_count++;

t100us = 0O;
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if (t10ms >= 1)

t10ms = O;

if (t50ms >= 1)

t50ms = 0;

if (t100ms >=1)

{
avr_ADC(};
gain();
change_ma();
t100ms = 0;
}
if (t1s >= 1)
{
display_adc_value{0x80, X);

display_adc_value(Ox86, Vinv_use);

display_adc_value(0xCO, Ig_use);
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