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GRID CONNECTION

Pamron Arunrotjanapun
Pattarin Teeralertpanich
Manop Chomchuen

Assoc. Prof. Dr. Werachet Khan-ngen Supervisor
2008

ABSTRACT

This thesis proposes the 180 W inverter grid connection system. The designed single
phase system consists of a power circuit and control system. The control system uses dsPIC
microcontrolier to generate the SPWM signal feed through inverter for converting the DC to AC.
The low pass filter is used to mitigate high frequency noises before boosting up the AC voltage
to 220 V. To synchronize the power from the battery source to electrical power grid, the
connecting method is used by microcontroller for controliing voltage, frequency and phase angle.

The experimental result shows the good connection performance such as over 75% of inverter.
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duiasimesnvimIndastusias i an wWinssugasadunssuaasvas
swsawieanidiflusaingufis  Suriefinaisiiaundsinoussiu  (Voltage Source

Inverter : VIS) NuduliaiiaairiaundIinanszil® (Current Source Inverter CSl)
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Buieinefuvuiauilanify  (Pulse  Width-Modulation : PWM inverter) &awan
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Usinnfifioufedunefinesiuuglafiuinion  (square-wave inverter) 9iilaseashs
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Modulation : SPWM)
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pnauazanuiawdasnsld  lasalddygrunuquallad  (sinusoidal  control
. A s o = a o Al o .

signal) eaanuifidasmahanlSeufisuiuUedumumnioy (triangular

- Y o a 4 & ~ = < 4
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Veontrol  suanaanguadloifidasmsbhanshoussdulniiuszanaiinmadm

8N
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M1 My Uaz Mg wRLNIINFUMIN (2.10) Uaz (2.17) audey

Vcontrol
Mmeyg=—7m5—" (2.11m)
V .
tri ‘
mg = Ls 2.12)
f1
A {7 & o 4
\ia Veontrol fAadnzaaniuguayy et
5 A o P
Viri AaARaRYIRIURUIRRYY

fi o <My <1  saflutwnsuagaadudu dmusisesddszney
wanyavaussaulWind 1 uaan  (fundamental-frequency component of the output

voltage) lazazui/aduldadunuen my,

lunsdl -~ m, > 1 sudwiremsaovauuuuloneivanan GINaued
a q L1}
Lmé’uvl‘vxlﬂwﬁmaam]:ﬁaaﬂ‘ﬂs:naums‘uaﬁﬂg\mdw'ﬁwmmagLam"?jmﬁuﬁm% a1y

POINIRTNR Y UFIaBIRUDNILIREN Ao

1

Vcontrol = Viri . Taq shnazua Vg = 5 Vd (2.2)
3 1

Vcontrol < Vpri Lo~ 3WHINTTUR Vg =— Evd (2.3)

o = € & £ a =l =l
mahewassiad . Tap use  Ta_  ssuegiusanmsuSouisuaes
v AU Vg lowazfiiGaulad 7 (22) wez  (2.3) uwazarliluagiu
control N Vg lesazliBauladssunmsn (2.2) wes  (2.3) uazas i
fenswasnszug U0 2.2 weaudradallerimuadanlan m, = 0.8 usz my
=15 afuefinaiaast  (harmonic spectrum) w89 V4o laodsunmvifiauiuen

unuad (V 40)n /(Va/2) ugaslugul 22 (a) exfdmddgmudmie



1. ﬂ'wslamJaaLLsaé'uVMﬁ']ﬁmmﬁwé'ﬂQa
= a a €
lasflanugunutan
Vin — Yeontrol | _‘_/E
40— g 2
tri

o~

Veontrol = Veontrol SIN wyt

(Vo)1 = (VLT'W_OZ y E) sin(w,t) .,
Viri 2

(Va0)1 = mg - (V3/2) sinw;t

(VAO)l =mq(Vq/2) ,

10

(VAO)l =mg(Vy/2)

Veontrol < Viri (24)

Vcontrol < Vtri

mg < 1.0

m, < 1.0 (2.5)
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gumsh (2.5) Rasanidszneuzil 2.3 uaedbilRwhussawlnifenad

wanysazudsimdwiaduiudn my & mg esfidagszwing o fis 1

R .
—
el

-~
oy

- (+Yi
/ 2 :
{ VA

9

UM 2.3 Aduidagiduuuyled (Sinusoidal Pulse Width Modulation: SPWM) [1]

. 1 A LR
2). flweuundanivafin (sideband harmonic) :iAaTuTEYY 1mg2me3me,.

saugaaluaaInT (2.6) via (2.7)
fo=(ims £ k)fy (2.6)
h=j(me) tk @2.7)
Lfia h=1 de mw‘ﬁ'%é‘ﬂga (fundamental frequency)
dren jwead denfuefineziviiudr K ﬁL‘ﬂ%La‘U@;

a1 j dwaeg dansuefiinesvindudn K fulluiswd
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3). é Mg afuafinaivanduasd  inTedhimualien me ulavdiag

dldifemssuinasasd fusesldnnauns f(—t) = — F(t) weiilddon:d

& o4

Wizvarsuefinwdniiufidsdnngaglu v4o dmarfuelineagesindiein  Tasd

19 My > 21 a:zfioh my fsanlasnvmevasariueiindes (sub-harmonics)
A e a a o,

wdidnlanfiafiguiuen me

~

° a = € <& a ‘&4 a
smivvmensdtlaneiuequatu (Mg > 1) wwfedwile Veontrol >

=3

Viri  lesdngdeduauibagifaesdtasfidiuminwieaunhndmilsnrumsatioga

e.

9/ ~

ugasdalugil 2.4 Teveuaguadu Tdedife swaussaulnihvesnnuindnyne:
' : = ' a & o L& s ' i
gnhlunsdl mg <1 wemnAnduvasussawlnia idwdaduanioinasi

Al usztrausidusaandusenesanuinanyselidnegswig. Vy/2  d

4V, / 21 Fausumsldaoi

A & (VAO)l - (2.8)

NFUMIN. (2.8) ¢ (VA0)1 szagrzniwimihanululnuaidosuuas
Inuazdafumndoy nsdilnuafwdsneziAnanmsd m, > 1 uszdasdidrunne

{ t I l&/ (B 1 s 1 1 =3
‘lumsﬁa:uam']mnwmm’lm:“uuagnum M snunmel Me Jdannwe Mg A

2/

wdasiidnannlddefieild Veontror  Wdanaavaslassmaiwisuvasdyanm

81989188

nsssufisudygasesdymnalwdenlavn Veonmror > Ve 92ld

sygraiaduin luwhuea@eandwin Veonerol < Verg 3¢ 10Wadiduay nedl
lanafuaguatuluzud 24 lmAsvinves v aftvanfl v

vl 4 . control ~ control
NN Viri wdadcldwaduinduszznawiaaiionitliiimsaiase
! a s a & A 4 a [} : ° L e € & ) -4
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Hinusayanmie nezsoundaanisiy

anvei 24 srsuafinaas (Vo) /(Vy/2) [1]

A 0.2 0.4 0.6 0.8 1.0
h
1 p9ddsznay
g - 0.2 0.4 0.6 0.8 1.0
ﬂ’ﬂlmﬁﬂﬂaﬂlﬂ
my
1.42 1.150 1.006 0.818 0.601
0.016 0.061 0.131 0.220 0.318
2m, + 1 0.190 0.326 0.370 0.314 0.181
2mg + 3 0.024 0.071 0.139 0.A2A
2me £ 5 0.013 0.033
3mf
0.335 0.123 0.083 0.171 0.113
0.044 0.139 0.203 0.176 0.062
0.012 0.047 0.104 0.157
3mf i‘ 6
0.016 0.44
4ms + 1
0.163 0157 0.008 0.105 0.068
4mf i‘ 3
0.012 0.070 0.132 0.115 0.009
0.034 0.084 0.119
4m; +7
0.017 0.050

vanowng : (Vag)p /(Va/2 )[:(VAo)h/%Vd] \Hudarifunas my
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a

gauaALMMIRINTe T4y use T4 vzessdnuiu  udlumadfifesdasms

10

TRnFIaEIg lihnsus SeazSendt  walnid (deadtime) lagiaa lndazaglu

TRIMnawiURsusaumsaigdataninsausdulidinug . wiaanlisinnseus

Wuwshnsug
‘i‘a’
Lo . 4 . 2
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[P -
—;— 7T 'l g
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o it 3

3N 2.7 Bunaiieefinmdauuunguiad [1]

nssRaBusanlWihuunlulnatd (bipolar voltage switching) AanInIuay
bigdafuvuiSadrnuniontmdug 9w lugf 27 nsvomveesded Ty uas
Tp_ azgnenuquldvnuniouiuluudazsionm angdnilfanminnusessias

Ty uaz Tpy davuussawlnidusenuasfis 4 anviiy
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1 - a °
Vyo = EVd W Veontrol = Viri» 8908 T4y uas Tp_ azvinszum

(2.9)
1 dl Py € o
V40 =—5Vd W8 Veontrot < Viri, 89% T4 wsz Tpy azhinszug

(2.10)

T@aaﬁmé’nmsmugﬂﬁ 2.1 Buasiaesinaasuuunieiez ldusedulnia
dusanuesNs B azivinduiavvausiaulniiesnaasi A fs Ugg = —Vy doiin

ussaulwidusanvasduasiaasniaussawlninszninefis A fufi B As

Vo= Vg0~ Vgo=Va0 —(—Vao ) =2V40 = 2(%Vd) =Vq
WauRssusunisf @.5) axle
Vor = m,Vy da mg < 1.0 (2.11)
wanifsuidgeiuaunisi (2.8) a:le
Vy < Vo1 %Vd fa mg > 1.0 (2.12)

viaonwatyldhusduliiisessuesnaziviiusunmsi (2.11) ifls my

agludhuadu uazussanlwihoaaduaanaziyiniuaunsi (2.12) oflugaalanene —

ALATY
U

lasfussanlnihdusanszaiafagsenig +Vg nu —Vy duresluguil 2.8
' 3 6 = a & 1 A a A
fulsduuuenivefinafinduion g My, 2me, 3Mg, .. wu winenafisings

WL 20 kHz uaz 60 kHz iudu. auguillaaTunaluaums (2.6)
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sun 2.8 nasdadaussanuunlulnand [1]

whvzyindunsadaduuululnens da
1. imsaiaduasussdnsznitms Vg sznindadsuntulsay
2. anwnaINaaAlnanvzniuanuives Ve

3. wifernufnnadanifia Gudufitay 9 fi uszdmawriaas f

2.1.3 Ha2DILAA N AaLIInw NN aanzaduIasinas

a & [ 4

lumefid Asleg vesdunfines sladenuuuazaselitnzuaniansu
AINUIININITWIATIRIG ‘ﬁa@;wﬂq@ﬁﬂﬂi:uaﬁauﬁa’fmfﬁ]:mﬁauamu: viatlaann
@ N ' o o 1 dv ¢ 6 . A
MIRAWAIINIY druandutaay tuaiiBondt 1eatng  (dead time wie
. N A € o 1 9 ~ 2 Ay e ~
blanking time) T9IANAAINIAINEIEaRIRNANURINEEY A windantauAuly
g liiilanadaiatidineg  wiadwnddrunnifuldfensssrinliusseswlnien

a & ca A
2aNVDIDULIDILADINALN qutﬂ

gada

saasndanuS lumalasuaniuzfeddanaSuiinssug R

° & | “ a a =t 1 a €l & a 6 o
wnszuasu 9 (uwnanfuzeswnlwiud) u sdetidunemnaazilduaanddoy 9
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uiifiedulugifl 2.0 Sdasaunisfl (2.13) usr (2.14) afldhaalnduninaly

usasu e anuasdutasinasnatRawlld

Ve = (VAO)ideal — (Va0) actual (2.13)

2-(deadtime)
TS

v, =% V4 (2.14)

& A a

Tafuadaa mdaan1IrininfdlasunTaa1993T T auIn AUt FauLarIn g

'
as

' a < ] = kg r-;/ 1w a
duaalndinifiul  fezfinsdegUadudmgrumediueen lasfuagnufiaments

Yuavasnszualnan



22

TalFuvaaen inifemainansuafiafianuiseudeanudsiatuasiaainug

fiansuefindaud 9 dussiiunalFoderusousvaiduiasiaes

fd
————.
£ - -
. +
Vy ek
=T~
=~
[y
Fa
2 T~
< —» Y S

{m

%

N
Preyianh

+

.

l'm;m e sl
o
£F
g ”-.mm 7:"! = fadend)
¥ I
1
: ':
H H e}
i - 1
b ¥t L !
1
1
]
* : 3
o b
¥eous }«/" ! S
o !
bed (=)
Lass
¥ g el e Actuud
17
1 . i
“ H Y.s' 4
{4 >0 N
! Ciadrr 93
3, m
o ldcalq v ;,
t} L .
i ] Actual (%}
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511 2,10 NamaaLﬂ@"l,mj@iaLmﬁuﬁmaaﬂgﬂﬁﬁﬁ

2.2 nauirasmsasaramiad i

2.2.1 sl lusasanan (Complex Power) [2]

L

i A

e Sl &

N £
HEN 1N

35U 211 usiawlFhusenszusiunudisdle
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dumﬁu‘lﬂﬂwLLa:m:LLa‘lugﬂLWaLfﬁﬁﬁuanﬁwmma:&;waa PYINIT

[

- A A v a o & . a &
BUJ ¢ LABLNYY ULLﬂuﬂqﬂﬂﬂlﬂ | Iﬂﬂﬂ']ﬂﬂﬁﬂﬂ’ﬁ%’ﬂﬂ\? cosine RNUNTDLYBWLT W

9 @

Fyanwallaaait do
V=|V|zauw:1 = IIILB
[V, |1] §a ussdunaznyzuglninfiifiudn rms enugiéu

midmansaswiamiag i lassiuvesias lWieTouasiaslwiuadion
lugtvaseridsnanminldnnuagmuasussaulninunszuanauging (conjugate of
the current) 9¢lddiaslW#i378 (complex power (S)) fiiwiauidu lad-uawi

(VA) LﬁIa I[*: conjugate of the current
*=|llz—= 8
S=VI' = |V|lzax|llz-f

S = |V|[I|£(a — B)
(2.15)

lagf o — ,8 =0 fe power factor angle %ula

ﬁﬂlﬁaglugﬂ rectangular form 2z e
S = |V|{I}cosB + j|V]|I|sin6 (2.160)

S=P+jQ (2.167)
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2.2.2 manwaumsagiasidisenieiasseia [3]

BUS BUS 2
—
l} Z=R+X S,
(") AL v
SEE g;l
+ T 1+
v, =]y 8, v, =[V,] 28,
+ i

5l 2.12 nysssrhasiniszwdng 2 U

o € ‘o o a
lumsitarsrmtisavasrinas i AANNINIT ARV INTEURURS

maa"valemgﬂﬁ 2.12 Faiuiulanlaazunsuunwszuussninas R 1seninetr 1 fu

S12. = Pz +jQ12 = V2 (1¥) (217)
S21 = Po1 +jQz1 = Vo (—17) (2.18)
= Ya-V, (2.19)
&
So =Py +iQo (2.20)
Tapdi S;,  da msdlwisngfiluainsa 1 1u U 2

S,1  fa madlwihuningdtnasnts 2 1y O 1
So  fa maslwiunnglwadhgis 2
P, @s misslwiessnlnsanis 1 s 2

[

Pyy  fa madliinedefilwaannds 2 luia 1
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Q12

Q21

Qo
Vi, V2
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A a

fa ﬁﬂaa"lwﬁw’%qﬁvlmanﬁajﬁa 2

a

fa Maswiedaunlnasnts 1 lUis 2

a4

da Mas Wil adauinaanils 2 T 1
fa ﬁﬂé’oVLWWWLaﬁauﬁ"lmLﬁ'];jﬂ'a 2
fa wisawlWi s 1wzl 2 anNsey

fo nyzug WA lwaa s 1 1w 2

fa BuNLAUTUDIRIUAY

daunsfl (2.17) Wunuaumsi (2.19)

daunsd (2.18) lunulusums (2:19)

V*

S., =V Aide]
12 1 7

|V1 |2—|V1||V2|491_92
Si; = Pr (2.21)

V*
V=
SZl Wy VZ 7%

v, l22 vy v,l26,—6,
o (2.22)

521.=

fmualh 0, — 0, = 6

iia & fa yuwnaiueafa (Power angle) Tuduyuiaiidnsiusznitoussanluin

&
ar

e_af
2

Sz1 =

NIFDd  IMFUNIT (2.21)

ALAHIuFIM TG frvTandasdurumsigeton e

|V | -V iV, lcos§+j|V4 ||V, |sinéd
1 Vi1Vl VIV, (2.221)
R-jX

Qm@i’aﬂﬂaugmmaaé’amu 22l



IV, |2 1V,]IV,cos8+i[V,||V,|sins o RHiX
R—jX R+jX

S21 =

27

(2.229)

R 1V, |2 = RIV, 11V, 1coss + XIVa1V,1sin & +5 (X [V, |2 = XIvy11V;1cos 6 - RV, 1V, Ising)

S12 = RZ + X2

favuaz lerUNTT

(2.22)

P, = RZ (R |V1 |2 R|V; ||V, |cosé +X|V1||V2|sm6) (2.23)
Qe = R2+X2 (X lVl Iz — X|V; ||V, ]cosé + R|V1||V2|sm5) (2.24)
Turuaadioaiu amasnsi 2.22) ale
P, = R?_ (R IVZ Iz — R|V{||V;|cosd — X|V1||V2|51n6) (2.25)
Q,, = RZ (X IVZ | — X[V {V; [cosd + R|V1||V2|sm6) (2.26)
Falanrald X > R asinlildmumslnsilosussanmeodt
P 5 VallVal Ging = P, (6) (2.27)
Qqp = %( |V1 |2 — |V1||V2|C056) = Qo (6) (2.28)
Py = — 1 2lging = —py () (2.29)
1
Qi =2(lv |2 - |v1||v2|cos5) =—Q® e
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=h.

law
Py(6) fo maslwilesefiiimsssdreluguiedouaayarings
Qo (6) 7o dsniiefieufifimessdroluguianiduvaagaurigg

fmiuaualsvasiainfialion anaun1sf (2.28) uaz (2.30) 9l

_ 2 2
Qav = Q122Q21 = |V1 Iz)lvz | (2.31)

PMFNNIN (2.27)  winled ddesmaRnySadasiiess saunsariildeaas
38ms seealuil [3]

2
=

1./ msRuswaussan Wi A3%58n077 Voltage support

8/

2. ANNTRNAIUENLARTVAIRIDRI ITh

a

138N Line compensation

PINaaInNTUSHIME R AN lasndan 2 s Tah 1 Avnlelewnns

ldguidaduay wia G, > 64 wwas

PMFUNIN (2.31)  IRBIGTT BUIOVBINTIAU IWRILR AT wanLAREY D9

mussaziinadadias iiialeudas  unsdifiyaimdagnasdlilluend (6 = 0)

1
(3 ]

dmniawevasusaulwihessisidiy Ay Ushsu ddwvinw (V; = V)

o @

dslwihieliawezgnasnndafidrsuazdenisniy  Whldlumosednaazedor 9

7= )

Awazazrhlddnatsvasindnsiawduang  FmvasnitasdiatasinineSefasian
9]

duguddrpamuaunsf (2.27) usz (2.29)

@Tqﬁfuﬁaagﬂ"[ﬁdw 228 4 ARAnTEINasaNIT IMaTIRNas IS ILA:

aslwialon laud uas Vi, Vo, X, 6 ieanudnlasnuduwusvasdaudsmns 4

a & A
f9luaNINNITN (2.30)
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_ |V1 IZ n [V11IV,|cosd

Qo (5) — X X (2.32)
Qu(8) = + IV;( |2 _ IVllIV;IcoséS 233)

wasnaumIf (2.27) el
Py(8) = M}ivﬂsims (2.34)

WIRUMIN (2.33) uazaunsh (2.34) Isnmiaeged winihanunnuale

2
AR

(P (8))" + O(0) +—- (sind)” + (cos 5)*)

(2.35)

(Py(8))° +| O (8) +

2 2
IVz lz \{ M) (2.36)

X X
dl o = =t o = (-}
NMFNNIIN(2.36) W lifisuiRgsnusumssnasinawlunsadiaensasae

(x—h)?+(y—h)? =12 laufeagudnasia (h, k) use fawmeded fo 1

[vi J2
X

AN sunIn (2.36) arldgegudnaieaniunavedii qa | 0, — UaE

P o A 1V1||V2|
JIWIIFNaD ——

aNVUFNNUTVIR NI NS suazras WA alanisn gl duad 2

°

Usznavdiudndinddnias laund Vi, Vo, X, § munsaldnadlunsivenan 6

U7 2.1

U
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nydiftdsundlidunduimuV, =V, = 1,8 = %Lm:ﬁmu@ﬂﬁ@h
X = 1o liunudluaums?i 2.32) 9218 Qoa = —0.29 uazunusnlu
aumafi (2.34) azld Pyy = 0.71 fs3Ui2.13 nelidudiy FwnnuRasyuiss
wndu Tasfl 0 <68 < g waasady Py > Qg LL@iﬁﬁmmﬁugmﬁﬂé’amnﬁuﬁn
ﬁag < § < mwasildmansnde Qg > Py

ndf 2 dauadiaadduonuaud X' = 0.8 anedt V; =V, =1
usz O =% sy e luunudlusun1sf (2.32) a2ld Q'yg = —0.37 uas
gumIn (2.34) a2ler P’y =0.88 ﬁagﬂﬁ' 2.13 niEulsz. w3 fmnAnTan
muaNNFEIRUSHITuNIA (2.36) iiipaa @1 X ad axvhliafivesinanvenylngdu
foX’ < X vwas  (X'Renmlidutlsz, X Aenvhdufin) Sansalén dheads

€ ' < o L [} ' o  ar 91 9 &
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ZE i v s s s o o s s e A
: §=P4Q
’1.5 : @ Ed
'," mPe0, ﬂimnmml h“ma
#
N ¥, m p <0, 1vsv il ﬁm
- y TS x
A Ry ~ u|0>{) ebhh ms‘mﬁiﬂ I duaiiou Gumde 1 i v
u=x # 3
) f/ e MO0, 1970w I uaiion (gl 1 v
# W
B oo B s gL ¥ .
m i iduanamaa e i w) Aiamavaniag v

31 213 nrvugaamsaanaumasninggs (Py) useiasiwiuafian (Qg) u

o

niaulas gile ﬁﬁhﬂﬂ’]ﬁﬂﬂﬂ%‘ﬁ’]éﬁ'ﬁ 2
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2.3 “ann1IYoIBRIBIIMaTRanUszuUn1s INHA

'mlsﬁwé'oﬁuna?ma%ﬁaﬁ‘m:uuVLWW'mti'mdflml.amﬁogﬂﬁ 2.14 §

[ ] 1

damtsznoudsil undsdoundunzuaass (Vy) dufivdser (Cy) shatmaslu

andanltloidAaunienindouleo (Lg) uszszuulWiwians (15,)

Inductor  Relay
: Switch

Grid

ID I;Fv

e

g,

—|I}I]1]

i
EE"I
N

3111 2.14 westhssdunesiaasaenuszuunis iih

3
~

nngdf 2.4 wanmylessimsinazestssiniheewine 2 dafile

]
% kg

na luratanr el ad mmsm‘ﬁﬂuLﬂmwsawaaﬂwdm FsUsznovey

Yoo 1} ¥ ] 1 a 6 [ 4 3 ] L 4
s gasunsalou undsirsdunefino (Vi) wesumdsdiomslin (1) 4

faguf 2.15

Vs

gﬂﬁ 2.15 Nﬁ)sam‘gamaqﬁunaﬁfma?siaﬁ'm:uﬂﬂﬂw
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mﬂgﬂﬁ 2.15 'msau;damaoﬁunaﬁ@aﬁmm%amiaﬁumﬂvxlﬂﬁ 1%
WANMIAUANNITINATBINAIUIWAN (bidirectional power flow) [4] lasrwnuals
nzuglWihgniteanszuumsinih - dhgszuuduneines %owvxlmmé’waams
Ihwihussduduefinefiduyn 6 Wohudieneimanaeeiumunsadon
vl,éfﬁagﬂ*ﬁ 2.16 Faduwrmaailaozunsy uEAIANVEIRREVBILSITULAZATILE 10

Anua I{g Lﬂuﬁmé’wﬁaLWmmai‘ NATITAAONVFUNUTOTEUE  UTINH  Uae

MR IR aadialud

lagimnalw

V, = LIIAUIINUREITI 8 NN TELRA S

I = NITUEIINUUEITE AN s LR AT
g a 6 €

V4 = wInuduaandmiaineT

Qs d' -] dl

Lg = aandeningawles

/A4 = wraawazuy WA

I = nazugszu Wi

g :

Vig = ussauenaiausamitoningaules Ly

fi = anuiusIcuIzIY W (@nudininys)
o o a o A A a

% S urseuaunionihnenaiivanys

Lgl au

Igq = nazuaszuy Wi fiasdsznasanafindnys

v o & &l & a o
Vinv1 = wauduIaanIfNasnlznavnuiinanya



Vg = VymaxSin(wt)
Viny = VisnmaxSin(wt + 6)
w = 27Tf1

di
— ~-9
Vig = Lyg (dt)

dermuali Vg ilugdeAnlod Ansanfiesdussnovyagiuaslai

Vg = Vinv1 + VLgl

Vig1 = ijgIg1

33

(2.37)

(2.38)

(2.39)

(2.40)

(2.41)

(2.42)

(2.43)
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Waunsi (2.43) ldunwlusunsf 2.42) aldnszusi lwadszuumsinih da

jwLg g1

(2.43n)
nnJh 2.16 () endangednmediueiinudfuszaumsi (243) e
AUFUWUD A9k

Vinp15ind = Vy4;1c0s@ = wLy(Iy1cos®) (2.44)

Vinp1€0sé =V — Vi 445in@ = V; — wL, (Iglsin(Z)) (2.45)
Fmaumf (2.44) a2le

VinpiSinéd
Iy cos@ = ——m# (2.46)
g

FMENMIA (2.45) 96t

Vg—Viny1€0s8

I;1 sin® = 2.47
g1 Sing B (247)
PMANMIT (2.46) 22l
VXV
_ Vg 5V invy o
Py = Vylg1 cos@ = —~\ sin (2.48)
MENMIN (2.47) 218
- [VE=(V3Vinp1 )coss]
_ _ 1Yg gVinvi
Qg = Vylg sIn® = oL, (2.49)
%38
Q,=V1I sin®=ﬁ— 1 = Yin1 o8 (2.49)
g~ Vg'g wlg v, '
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RUA LA
0 = U9 (Power angle) AauuTznINLsIauszuy WAy
9 g g
Py [ 6
duLasiaet
0)] = yuTEnIusauuaznszuaszuu i (V,, 1
3 g1l
Sg = MaslWihileng (Apparent power) szuy Wil
P = A9 WAI939 (Active power) szuu WA
g
Q g = maslWiiglian (Reactive power) 32U WHA

2.3.1 manauaaiiasiiais

P aoa s A [ 4 6 A %
IMFUANIN  2.48 ﬁN&Jﬂ’JWLLSG@%iﬂJU‘lW‘W’]LLQ:LL?G@%Q%L’)a‘iL(ﬂaillﬂ’]ﬂ\W] o

o Qv

= o o al o [
guianduinnwionsiie Vipyg enuwas Vo ezt 2.16 () Ig1 Baumasldas

3UN 2.17 () eTweladimsslwihedeerlnannszuums i lusas waesiaas

lunsdiaseriuda dawhasiidudusy Asasnsusedn Vipy,q shwmsh V

3Uf 2.16 (n)

]
9/ Qv =

Igy wlivmassinany Vp Susaslddaguii 247 @) esuneldi mdalninesea:
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o e

o Qv Qs L% = d‘ =3 J‘ s 1
Tnanndunefisefludizuunsluin  saslnineSeffed wasudsriuauen lovas
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P, a sind (2.50)

é’aﬁu’[umsmuquﬁﬁﬂﬂﬂmﬁ alvdulasiaaian ﬂwﬁomu"l,wwv’ﬁw:jszuums
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a Qe

o @ & ! °
maa"lWW’muag u&gumamutaa

2.3.2 msmuquﬁﬁ'ﬂﬂﬁwmﬁauuazé‘:ﬂs:nauﬁﬁh

nnaamsh (2.49n) auu@dussduszuumsiiin (V) saids (8) use

ABLANLANTV IR TN Tan] e (a)Lg) fanadn s WAL auazul i

auussduiadiaes wldemusunisi 2.51)

1

(2.51)

a
Qg Vinvi

' Led 1

Falaomludr  dmnenesisIa uUed IS tn e S e LA LI IS U 8

= o § o & e
=1 Aseili Q4 Iuagiu cosd

U

- 3 Vi
M5 A TN URNNNTT (2.49n) —invl

g
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2.4 nuiugiuisasnsasanaiaiainwaan [5]

WITRIANNdaEHY A neshpeuldFuanmenufideing  udeznu

anmanaudguentd

H { j.f":l} ‘

Fass band Stop band
-4 PR -~

&

- (F/5)

0 &,

¢

P & o a
zﬂﬂ 2.18 ﬂ’liﬂuﬁfyﬂlu']m“llBd’ldfﬂiﬂia\‘itm‘l}ﬂqﬂuﬂﬂ

0
s o 1

VIngUlsasnanausuaInIsANIDTanIIINIasanuiidduluganed  Tag
fenumazFangiuenafifinsesuanliiinit  druanuiiru (pass band) w38 wuue
395 (bandwidth : BW)

' ' A A f [ a I ' A
189U AN WgalirwlazGendty  diuawiivga (stop band)
Fenngezinldhguenuiiiinezagzning 0 wer @y leseeBenanud w,
Fanunansan

(Cut-off frequency)
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Tumsdfidin lismansasieesniasiiines ausuedluluUgauaf e

H{jew) A
1
0.707

> @lris)

sUN 2:19 MUY MEINIINIINLLLH TR

INIUUEIHANDUEUEININNNDNNITORILATZA IO U 9UHIR  auidinle

]
o

Nl fifudredrenatidnesrarmanads menudnsmaedfswevadyyIUen
sanvasaIdlasm Wisnldnude  fduvndu 0707 1w (W3adszunms —3 dB)

VOIVW AR IUFIFA

2.4.1 AaNHMSIIINIDIAMIANAAHIBUUUALS 9

lasmldusrsesenafiddwezsznadlddeasdsznauidysessude
o = o o = o A Y o 12 f '
aunitsnhuazaufivlszadelinaezduuudiony  dmnutenusamslassing i

9949930389 bl

]
Qs

a o A . 9 A ni o =
1. mnIsdauaunis (first order) Usznauaiy 9aInTasNdauniiendn wie
aufudszafies 1 6
o s & . A ~ LY a
2. aaasniaaau@quu‘lﬂ (higher order) fanasniasfivsznavluény e
dl o av =3 a :: 1 V! 8/ '
wignhuszaufudszgmunu  dwudsasenduly ldud  2sesnsesnuuues

] € = s
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124 T
2.4.2 R1AURABUNTIIDDAUDUIIITNTIIAMNDATIHIN

-

msaaﬂLLumwsmmmﬂ;Jﬁ@‘hNmmaam’nauwamaoé’fytyﬁmsumu

s

LLajmﬁﬂ"l,Wmemma;ﬂLﬂuéﬁé’uﬁumaﬂé’mﬁ

1). RADINTIUAANH UL TDIUUAIDIINIDUNAIAURANY DI HIVAINUAZA N WO

I Ao &) [} 1
ﬂaafwamwanvm:tﬂuamﬂs LB

Hanudisnaiiayinls (power line frequency) 1% 50 Hz ¥38 60 Hz

AusisuzaIunasinsiliag (VS,rms)

i aa o
dnvzusgigaifnaluae (IS,rms)

snwauzvadlnaa Iuduasngls ﬁﬁuﬁmefe'im%agaLﬁatﬁwﬁmmdoﬁhzy

- UANNDYIRY I UIUNIRNG I TAANEH
I R =t o -/
2) 1dangduuuBaINITNIasaNNRMINAILE N 1Fom
Wongluuuasesniaseuensw leagiiduRuaudvoslnanuazundeing useg
Tzdefanieinsosdudile - despiivenndniu  uszuwIaueIFYLIMIUNIUA
Aesmsaanek Mildannuiadeniisdle awInan wnzdwnlienisiniedd
= & = oA i o o v
faunsalinnranenuanffaeTaussiwinfunnenslidas

AN 2.2 LEAINS LT I9INTAIaNAUNTIUaZREY LA R M= D U B URL AU E WA ST e

wazlnag
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Hich Low
'
Hizh :
T %
.
{first order capacitor filter type) (second order L-filter tvpe)
Low © [~ e
z 2 5 2, X
- <
.«} o Zl ){Z ) zb <
® I ]
T
{second order L- filter type) {frut order inducter filter type)
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AN 2.3 LEAINT LT3N T U LA ULA IR RN AU B U A L AU S UL AR 991 LR

Inaa

High

Low

e

g

<z
High g; T i

{third erder T - filter type)

sz

T

(cascade filter Tvpe)

£

l
|
%
ANy
E}"W"ﬁr
i

ol

sV = ¢ T
Low j;% Z, : Z,L =X L
o ad., SR }»‘... A w— L,
3 -2 5 NG %2
EHEY =1 %
= ] 7 T

(third erder T- fiiter orpe)

3). emamuna Ry

A Vs . (B %4 e 4
msini = =R == usz Ry [=ald Ry = = = = ulasanlu
% I» C 1 C
Afldranunieania LLa:mmq"lvsIWﬂLﬂué'mﬂsﬁﬁ'avlajﬂmm Feealtrumy
Vi Vo
—_— = R 1
I I
92611
Vminrms
R, = -minrms (2.52)
Imax,‘rms

lovfl Viinrms  feduseuluieinganilfom

A o9 o
Imaxyrms  fofnuzuglnihgoganldnm
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4). maaunanaanao9139INIDe

lasSududamnuanuidasmsise  (F) uwszawavessiu  (dB)
s lennmste lasldsesdalaslatfisansauen FFT lew3eannnissiaasdas
lusunsuranfiieas

lasdduwlsitinuaasaalus

F Aeaafuass g miaasn1Iieg

dB AafMIaaNeauNfaIniy m anuafidasnIniee

Lss - fasanwgnide (oss) wisddanmisanauluniiae dB /decade

P9 1993nTINRan T ue Ty Lz AN
Lss = (2N + 1)6 uazisasnsasuvuueaial Lss = 12N

N ﬁaa‘hmw’gmmsmaaLL@iazLLuuﬁmm@iaagﬂsuﬁu (number of filters
in tandem) gnAlaeaTUluNIHwasI9TNIRILLLLEALTENBL B
mﬁmﬁ’xLLaxﬁaLﬁuﬂszgamqamﬁaﬁa fediudulge ald N = 1
diinsdashunmaenulidnma ezl N = 2 0udu
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lunsdiwasansasuuu? Analuruesdoaie T@ﬂagﬂl,ﬂu"l,@i’ %
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@R 2.4 FSATIMNTAANEYN (Lss)lumihe dB/Octave

Number of filters in tandem
Filter
1 2 3 4 5 6 7
L 12 24 36 48 60 72 84
T 18 30 42 54 66 78 90
WalddanudndaInsinge  Lazuuwaua wN e NTIFNSATINNTRONaUY B3
gﬂLLumaﬁ]smaaﬁLﬁaﬂl lufgasuisanidl anun o 96 anaan laa
azler
F F
Fo = = —ao (2.53)
2Lss
[ ] Q :i o [ %) «
5). MwIsAIdIwRELAaILALLSE
Tagihen R, uazdn £, fldan lounuluaums 3.9) usz (3.10) ldeoil
R
y oA (2.54)
Tl'FoRd
1
AV (2.55)
Tl'FoRd
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FFT window: 1 of 1 cycles of selected signal
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FFT window: 1 of 1 cycles of selected signal Strutture
a5 T T T ; .
st -
Input
linput 1 =1
a Signal numbet: |
L M|
Start time (), MEU- o
-5 i I 1 MR :
0 0.005 0.0 D.015 0.02 gy
) Number of cycles: 14
Time (s) B —
o fobime = g B - - 1
smples per cyele = 40000 {Display FFT window ;:.,E
Fundamental = 3.844 peak {(Z2.718 rms)
Total Harmonic Distortion {THD) = 1.E57% - Fundamental frequency (Hz)
= 0 Hz (DO) 0.06 % ESU
b= ED Hz Fund 100.00 %
a 100 Hz {hZ) 0.12 % Wax Frequency (Hz):
£ 150 Hz {h3) 0.1z 3 ; ; .
z Z00 Hz {h4) 0.1z % 110000 ;
E 25D Hz {h5) 0.1z % - -3
= 300 Hz (hé) 0.1z % Frequency axis:
. :
£ 350 Hz (h7) 0.13 %
> 400 Hz (h8) D.1% % Hertz -1
= 450 Hz (h9) 0.13 % J
€ 500 Hz (h1D) 14 Dispiay style: -
= 550 Hz (hll) 14

List {rifative to Fund 07 DG

500 Hz (hlZ}
£50 Hz (hl3)
700 Hz {hl4)
750 Hz {hl5)
S00 Hz {(hlé)
B50LH=. . thl3)

HOO00OODOT
e
o

A B o o obr G o ok

~ | pspay | | ciose |

gﬂﬁ 4.9 NANNINADIIINIBILUY L Te1 THD = 1.57%

ATIEHan1II1a 0l AN nanas1993nsas

PINNNITIRDINEIHAT IUADULINIIITEULI AL A TR AN TGNV IRAAANAIUN
wmfflLLsaﬁuLLa:m:LLaﬁvL@Taanma:"l,mﬂugﬂﬂﬁu‘leﬁﬁ Fnduazrdosiisansaddnunsiy 9n

mssanuuuluund 3 1INTIAD WITUVLLER

WaRnsanfsensasnuuuesez leFyanmeaniunig 39RaTaniesanna

UG

FUNMAUNINN HWIThsavkuuuadlmUaaTuanlulia vasusiauduaanvadduiesiaes
pianananud 20 kHz R0 0.242 V. enu@nT190ad IEEE 519 std aziivualastiaizeu
ANVAALAIUUDITITUOANTINVAILTIOU FIRITIH THDV B9 NATATAIULLLDD WU

THDvV 289299 3N3890 UL AN 1.57 % Taanaspiuinuall 5 % Jeanansaldle



74

4.1.3 N15I1ADINITNIIWTDITEULDWLIASIADIIINNVIITNSAIGBNURN BRI

Eriox Wk Rt

gﬂﬁ 4.11 HANNISIRBILIIAURNIHIURN BUR



FET window: 1. of 3 cycles of selected signal
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FFTwindow: 1 of 3 cycles of selected signal Structure .. ; ;
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FFT window: 1 of 3 cycles of selected signal
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FFT window: 1 of 3 cycles of selected signal Strycture :
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#include<p30F4011.h> //header file for dsPIC30F4011 Use 7.3728 MHz
#include<adc10.h> /luse analog to digital converter
#include<lcd4011.h> /luse lcd display

#include<ports.h>
#include<stdio.h>
#include<timer.h>

#include <pwm.h>

#define Sw_Up PORTCDbits.RC13
#define Sw_Down PORTCbits.RC14
#define Sw_Grid PORTFbits.RF2
#define Connectinverter LATFbits.LATF3
#define ConnectGrid LATFbits.LATF4
#define ConnectLoad LATFbits.LATF5
#define ZeroCrossing PORTFbits.RF6
#define |_set over 2.0

#define Vbatt_set_Low 46.0

_FBORPOR(PBOR_ON&BORV_20&PWRT _64&MCLR_EN&PWMxH_ACT LO&PWMxL
_ACT_LO&RST_PWMPIN);

_FWDT(WDT_OFF);

_FOSC(CSW_ON_FSCM_OFF & XT_PLL16);

_FGS(CODE_PROT_OFF);

unsigned int  t100us,t20ms,
t100us_dummy,t20ms_dummy,

t100us_count,t20ms_count;
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unsigned int  ADC_Vg,ADC_Ig,ADC_Vinv,ADC_linv,ADC_Vbatt, ADC_|Ibatt,
ADC_Vg_Max,ADC_lg_Max,ADC_Vinv_Max,ADC_linv_Max,ADC_Vbatt Max,ADC_|batt
_Max,

ADC_Vg_dummy_Max,ADC_lg_dummy_Max,ADC_Vinv_dummy_Max,ADC _linv
_dummy_Max,ADC_Vbatt_dummy_Max,ADC_Ibatt_dummy_Max,

ADC_Vg_Avg_Max,ADC_Ig_Avg_Max,ADC_Vinv_Avg_Max,ADC_linv_Avg Max,
ADC_Vbatt Avg_Max,ADC_lbatt Avg_Max,

ADC_Vg_Use_Max,ADC_lg_Use_Max,ADC_Vinv_Use_Max,ADC_linv_Use_Max
,ADC_Vbatt_Use_Max,ADC_lbatt_Use Max,

MAX,

div_count_V = 0,div_count_[ = 0;

float Vg_Use,lg_Use,Vinv_Use linv_Use,Vbatt Use,lbatt_Use;

int cap_run_cyc,RE_PWM,cap_count,cap_run,Low,High,cap_up,Active;
int MA = 0,0Over_Load = 0,Battery Low = 0;
float pdc1,yv;

unsigned int sine_n;
float ma = 0.65;

unsigned int sine_addr_p = 0;

static float sine_table[400]={

0,12,23,35,46,58,69,81,92,104,115,127,138,149,161,172,183,194,206,217,228,239,250,
261,271,282,293,303,314,324,335,345,355,365,375,385,395,405,414,424,433,443 452 4
61,470,479,487,496,505,513,521,529,537,545,553,560,568,575,582,589,596,603,610,61
6,622,628,634,640,646,651,657,662,667,672,676,681,685,689,693,697,701,704,708,711
,714,717,719,722,724,726,728,730,731,733,734,735,736,736,737,737,737,737,737,736,

736,735,734,733,731,730,728,726,724,722,719,717,714,711,708,704,701,697,693,689,6
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85,681,676,672,667,662,657,651,646,640,634,628,622,616,610,603,596,589,582,575,56
8,560,553,545,537,529,521,513,505,496,487,479,470,461,452,443,433 424,414,405 395
,385,375,365,355,345,335,324,314,303,293,282,271,261,250,239,228,217,206,194,183,
172,161,149,138,127,115,104,92,81,69,58,46,35,23,12,0,-12,-23,-35,-46,-58,-69,-81,-92 -
104,-115,-127,-138,-149,-161,-172,-183 -194,-206,-217,-228,-239,-250,-261,-271,-282 -
293,-303,-314,-324,-335,-345,-355,-365,-375,-385,-395,-405,-414,-424,-433 -443 -452 -
461,-470,-479,-487,-496,-505,-513,-521,-529,-537,-545,-553,-560,-568,-575,-582,-589,-
596,-603,-610,-616,-622,-628,-634,-640,-646,-651,-657,-662,-667,-672,-676,-681,-685 -
689,-693,-697,-701,-704,-708,-711,-714,-717,-719,-722,-724,-726 -728,-730,-731 733,
-734,-735,-736,-736,-737,-737,-737,-737,-737,-736,-736,-735,-734,-733,-731,-730,-728 -
726,-724,-722,-719,-717,-714,-711,-708,-704,-701,-697 ,-693,-689,-685,-681,-676,-672 -
667,-662,-657,-651,-646,-640,-634,-628,-622,-616,-610,-603,-596,-589,-582,-575 -568 -
560,-553,-545,-537,-529,-521,-513,-505,-496,-487,-479,-470,-461,-452 -443,-433 -424 -
414,-405,-395,-385,-375,-365,-355,-345,-335 -324,-314,-303,-293,-282,-271,-261,-250,-
239,-228,-217,-206,-194,-183,-172,-161,-149,-138 -127,-115,-104,-92,-81,-69,-58 -46,-
352312 );

/****function display adc valug******//

void display_adc_value(unsigned char addr, float val)

{
char i; llcounter for send character
lcd_command(2); /set origin of lcd
lcd_command(addr); lfset address of Icd

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

{

lcd_text(0x20); {//send character to Icd
}
inttolcd(addr,val); /ldisplay integer



123

void _ISR _FLTAlInterrupt(void)

{
IFS2bits. FLTAIF = 0;

return;

void pwm_int()

{

I[EC2bits. PWMIE = 1; /I PWM interrupt enable
IPC9 = 0xd000 ;
DTCON1 = (PWM_DTAPS8 & PWM_DTAS8); //PWM dead time config

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_PEN1L );
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void PWM()

{
pdc1= 737 + (float)(ma*(sine_table[sine_addr_p)));
sine_addr_p++;
if (sine_addr_p>399) {sine_addr_p = 0;}

return;

void _ISR _PWMinterrupt(void)

{
PDC1 = pdc1t;-
PWM();
IFS2bits. PWMIF = 0;
}

I****function timer1 interrupt****//
void int_t1_init()
{

IECObits. T1IE = 1;

int match_value;

ConfigintTimer1(T1_INT_PRIOR_7 & /ftimer1 interrupt priority 7

T1_INT_ON); /lenable interrupt for timer 1

WriteTimer1(0); llclear count value at TMR1 register
maich_value = 2949; /Nload value interval 10 uS = 295,100 uS = 2949
OpenTimer1(T1_ON & {/start timer1

T1_GATE_OFF & //disable gate pin for timer 1

T1_IDLE_STOP & {/stop timer in idle mode

TIPS 11& /lprescaler 1:1

T1_SYNC_EXT _OFF & //disable sync external source

T1_SOURCE_INT, match_value); [fwait till the timer match with the



period value

void _ISR _T1Interrupt(void)

{

IFSObits. T1IF = 0;

WriteTimer1(0);
cap_count++;
1100us_count++;

t20ms_count++;

if(cap_count >= 1) // =1100us_count

{
Capture();
cap_count = 0;
}
if(t1-00us_count >=1)
{
MAX_ADC();
1100us_count = 0;
}
if(t20ms_count >= 200)
{
Use_ADC();
t20ms_count = 0;
}
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[I*****function initialize for adc module*****//

void adc_init()

{
ADCON1bits.ADON = 0; [iturn off A/D
ADPCFG = 0x0000; /lrun in analog mode 0000 0000 0000 0000
ADCON1 = 0x00E4; // 0000 0000 1110 0100
ADCON?2 = 0x0410; /I 0000 0100 0001 0000
ADCON3 = 0x0505; /time sampling 5 Tad , time to convert = 3Tcy
0000 0101 0000 0101
ADCHS = 0x0000; //- 0000 0000 0000 0000
ADCSSL = 0x001F; /IA/D input scan select register 0000 0000 0001
1111
ADCON1bits.ADON = 1; Iistart AID
}

I***function analog to digital converter***//
void MAX_ADC() /t100us
{

ADC_Vg = (ADCBUF0);

ADC_lg = (ADCBUF1+1);

ADC_Vinv = (ADCBUF2);

ADC_linv = (ADCBUF3+1);

ADC_Vbatt = (ADCBUF4);

1 ADC_Ibatt = (ADCBUF5+1);

if(ADC_Vg > ADC_Vg_Max)
{
ADC_Vg_Max = ADC_Vg;
if(ADC_Vg_Max == ADC_Vg) ADC_Vg_dummy_ Max =

ADC Vg Max ;
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if(ADC_Ig > ADC_lg_Max)
{
ADC_Ig_Max = ADC_lg;
if(ADC_Ig_Max == ADC_lg) ADC_lg_dummy_Max =

ADC_lg_Max ;

ifftADC_Vinv > ADC_Vinv_Max)
{
ADC_Vinv_Max = ADC_Viny;
if(ADC_Vinv_Max == ADC_Vinv) ADC_Vinv_dummy Max =

ADC_Vinv_Max ;

if(ADC_linv > ADC_linv_Max)

{
ADC_linv. Max = ADC_linv;
if(ADC_linv_Max == ADC_linv)
ADC_linv_dummy_Max = ADC_linv_Max ;
}

if(ADC_Vbatt > ADC_Vbatt_Max)
{
ADC_Vbatt_Max = ADC_Vbatt;
if(ADC_Vbatt_Max == ADC_Vbatt) ADC_Vbatt_dummy_Max

= ADC_Vbatt Max ;



/*

if(ADC_lbatt > ADC_[batt_Max)

ADC_lbatt_Max ;
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{
ADC_Ibatt Max = ADC_lbatt;
if(ADC_Ibatt_Max == ADC_Ibatt) ADC_lbatt_dummy_Max =
}
*/
}
void Use_ADC() //t20ms
{

i

div_count V++;

div_count_|++;

ADC_Vg_Avg_Max += ADC_Vg dummy_ Max;
ADC_lg_Avg_Max += ADC _Ig_dummy_Max;
ADC_Vinv_Avg_Max += ADC_Vinv_dummy_Max;
ADC_linv_Avg_Max += ADC_linv_dummy Max;
ADC_Vbatt_Avg Max += ADC_Vbatt_dummy_Max;

ADC _Ibatt_Avg_Max +=ADC_Ibatt dummy_Max;

ADC_Vg Max = 0;
ADC_Vg_dummy_Max = 0;
ADC_lg_Max = 0;
ADC_lg_dummy_Max = 0;
ADC_Vinv_Max = 0;
ADC_Vinv_dummy_Max = 0;
ADC_linv_Max = 0;
ADC_linv_dummy_Max = 0;
ADC_Vbatt_Max = 0;

ADC_Vbatt_dummy Max = 0;



1
1

i

1

ADC_lbatt_Max = 0;

ADC_|batt_dummy_Max = 0;

if(div_count_V >= 5)

{

}

ADC_Vg_Use_Max = ADC_Vg_Avg_Max/div_count_V;
ADC_Vinv_Use_Max = ADC_Vinv_Avg_Max/div_count_V;
ADC_Vbatt_Use_Max = ADC_Vbatt Avg_Max/div_count V;

div_count_V = 0;
ADC_Vg_Avg _Max = 0;
ADC_Vinv_Avg Max = 0;
ADC_Vbatt_Avg Max = 0;

Vg_Use = ((float)ADC_Vg. Use Max*1.0);
Vinv_Use = ((float)ADC_Vinv_Use Max*1.1);

Vbatt_Use = ((float)ADC_Vbatt_Use Max*53.0)/810;

if(div_count_[ >=5)

{

ADC_Ig_Use_Max = ADC_lg_Avg Max/div_count_I;
ADC_linv_Use_Max = ADC_linv_Avg Max/div_count_I;

ADC_lbatt_Use_Max = ADC_lbatt_ Avg_Max/div_count_|;

div_count | = 0;

ADC_ig_Avg_Max = 0;

- ADC_linv_Avg_Max = 0;

ADC_Ibatt_ Avg_Max = 0;
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lg_Use = ((fioat)ADC_lg_Use_Max*2.4)/510.0;
linv_Use = ((float)ADC_linv_Use_Max*2.4)/510.0;

I Ibatt_Use = ((float)ADC_Ibatt_Use_Max*230.0)/850.0;

if(ADC_Vinv_dummy_Max > MAX)

MAX = ADC_Vinv_dummy_Max;

// xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx * khkkkkkkkkkk %k khkkkk 7(7(//

void Capture()

{
if((linv_Use >= 0) && (linv_Use < 0.3))
{
if(ZeroCrossing == 1)
{
cap_up++;
cap_run = 0;
}
if(ZeroCrossing == 0)
{
cap_run++;
cap_up = 0;
Active = 0;
}

if(cap_up >= 3)
{

Active = 1;
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if(cap_up >= 4)

{

cap_up = 0;
}
if(cap_run >= 99)
{

cap_run_cyc = 1;
}
if(cap_run >= 100)
{

cap_run = 0;
}

if((cap_run_cyc >= 1) && (Active >= 1))

{
sine_addr_p = 0;
cap_run_cyc = 0;
}
}
if((linv_Use >= 0.30) && (linv_Use <= 0.75)) 1 Load 100W
{
if(ZeroCrossing == 1)
{
cap_up = 1,
cap_run = 0;
}
if((ZeroCrossing == 0) && (cap_up == 1))
{

cap_run++;
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if(cap_run >= 100)

{
sine_addr_p = 0;
cap_up = 0;
}
}
if(linv_Use >= 0.75) 1 Load 200W
{
if(ZeroCrossing == 1)
{
cap_up = 1;
cap_run = 0;
}
if((ZeroCrossing == 0) && (cap_up == 1))
{
cap_runt+;
}

if(cap_run >=97)
{
sine_addr_p = 0;

cap_up = 0;



void display_title()

{
/*

*/

led_puts(0x80,"Grid Connection");
delay_ms(500);

lcd_puts(0xc0," Design Program");
delay_ms(500);

lcd_puts(0x90," By ArtOfDoom");
delay_ms(500);
led_puts(0xd0,"Tel. 084-1733205");

delay_ms(1500);

lcd_puts(0x80," Welcome to");
delay_ms(500);
lcd_puts(0xc0,"Grid Connection");
delay_ms(500);

lcd_puts(0x90,"  System ");
delay_ms(1500);

lcd_clear();

lcd_puts(0x80," System Ready");
lcd_puts(Oxc0,"  To Use");

lcd_puts(0xd0,"Push S1 To Start");

void display_OverLoad()

{

lcd_clear();

do

{
lcd_puts(0xc0,"

System ");
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led_puts(0x90," OverLoad !");
delay_ms(700);
led_clear();
delay_ms(700);

}
while(Over_Load = 1);

void display_BattLow()

{
lcd_clear();
do
{
lcd_puts(0xc0,”  Battery ");
led_puts(0x90," Low !I'™);
delay_ms(700);
lcd_clear();
delay_ms(700);
}
while(Battery_Low = 1);
}

void Inverter_Run()

{
ints =5;
while(!Sw_Up);
int_t1_init();
adc_init();
pwm_int();

PTPER = 737;
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lcd_puts(0xc0,"Wait For Operate");

lcd_puts(0x90," in  Second");

do
{
inttolcd(0x85,s);
delay_ms(700);
s
if(s == 3) Connectload = 1;
if(s == 0) Connectinverter = 1,
}
while(s >= 0);
Icd_clear();
led_puts(0x80,"Vg= Vig= A");
lcd_puts(0xc0,"Vi= V= A");
lcd_puts(0x90,"Inv: ON Ma:  %");
led_puts(0xd0,"Grid: OFF");
do
{
if( Vinv_Use < Vg Use)
{
ma = ma + 0.005;
if(ma>=0.95)  ma = 0.95;
}

if((Vinv_Use >= Vg_Use) && (Vinv_Use <= (Vg_Use + 5)))
ma=ma;
if(Vinv_Use > (Vg_Use + 5))
{
ma = ma - 0.005;

if(ma<=0.50) ma = 0.50;
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MA = ma*100;

if(lg_Use > I_set_over)

{
Connectinverter = 0;
ConnectLoad = 0;
ma = 0;
Over_Load = 1;
display_OverlLoad();
}
if(linv_Use > |_set_over)
{
Connectinverter = 0;
ConnectlLoad = 0;
ma = 0;
Over_Load = 1;
display_Overl.oad();
}
if(Vbatt_Use < Vbatt_set Low)
{
Connectinverter = 0;
ConnectLoad = 0;
ma = 0;
Battery _Low = 1;
display_BattLow();
}

display_adc_value(0x83,Vg_Use);
display_adc_value(0x8b,lg_Use);
display_adc_value(0Oxc3,Vinv_Use);

display_adc_value(Oxcb,linv_Use);



display_adc_value(0x9b,MA);
} //End do - while(Sw_Grid)

while(Sw_Grid);

while(!Sw_Grid);

Connect_Grid();

void Connect_Grid()

{

int ss = 3;
led_clear();
lcd_puts(0xc0,"Connect To Grid");

lcd_puts(0x90," in  Second");

do
{

inttolcd(0x95,ss);

delay_ms(700);

SS--;

if(ss == 0) ConnectGrid -~ = 1,
}

while(ss >= 0);
lcd_clear();
lcd_puts(0x80,"Vg= Vig= A");
led_puts(0xc0,"Vi= Vli= A™");
lcd_puts(0x90,"Inv: ON Ma:  %");
led_puts(0xd0,"Grid: ON");

do
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if(!Sw_Up)
{
while(ISw_Up);
" delay_ms(100);
if(Vinv_Use >= (Vg_Use+10)) ma = ma;
ma = ma + 0.001;
if(ma >= 0.95) ma = 0.95;
}
if(!Sw_Down)
{
while(!Sw_Down);
1/ delay_ms(100);
if(Vinv_Use <= Vg_Use) ma = ma,;
ma = ma - 0.001;
if(ma <= 0.50) ma = 0.50;
}

if((!Sw_Down) && (!Sw_Up)) ma = ma;

if(Vinv_Use < Vg_Use)
{
ma = ma + 0.005;
if(ma>=0.95) ~ ma = 0.95;
}
if((Vinv_Use >= Vg_Use) && (Vinv_Use <= (Vg_Use + 10)))
ma = ma;
if(Vinv_Use > (Vg_Use + 10))
{
ma = ma - 0.005;

if(lma<=0.50) ma = 0.50;



MA = ma*100;

if(lg_Use > |_set_over)

{

}

ConnectGrid = 0;
Connectinverter = 0;
ConnectlLoad = 0;
ma = 0;

Over Load = 1;

display_OverlLoad();

if(linv_Use > |_set_over)

{

}

if(Vbatt_Use < Vbatt_set Low)

{

ConnectGrid = 0;
Connectinverter = 0;
ConnectlLoad = 0;
ma = 0;

Over_Load = 1;

display_OverlLoad();

ConnectGrid = 0;
Connectlnverter = 0;
ConnectLoad = 0;
ma = 0;
Battery_Low = 1;

display_BattLow();

139



140

display_adc_value(0x83,Vg_Use);
display_adc_value(0x8b,lg_Use);
display_adc_value(0xc3,Vinv_Use);
display_adc_value(Oxcb,linv_Use);
display_adc_value(0xSb,MA);

} //End  do - while(Sw_Grid)

while(Sw_Grid);

while(!ISw_Grid);

Disconnect_Grid();

void Disconnect_Grid()
{
int sss = 3;
lcd_clear();
lcd_puts(0xc0," Grid Shut Dowm");

lcd_puts(0x20," in._ Second");

do
{

inttolcd(0x95,sss);

delay_ms(700);

SSS--;

if(sss == 0) ConnectGrid = 0;
}

while(sss >= 0);
Icd_clear();
lcd_puts(0x80,"Vg= VIg= A™");
lcd_puts(0xc0,"Vi= Vli= A™);

lcd_puts(0x20,"Inv: ON Ma: %");



do

lcd_puts(0xd0,"Grid: OFF");

if( Vinv_Use < Vg_Use )
{
ma = ma + 0.005;
if(ma>=0.95) ma = 0.95;
}
if((Vinv_Use >=Vg_Use) && (Vinv_Use <= (Vg_Use + 5)))
ma=ma;

if(Vinv_Use > (Vg_Use + 5))

{
ma = ma - 0.005;
if(ma<=0.50) ma = 0.50;
}
MA = ma*100;

if(lg_Use > |_set _over)

{
Connectlnverter = 0;
ConnectLoad = 0;
ma = 0;
Over Load = 1;
display_OverlLoad();

}

if(linv_Use > |_set_over)

{

Connectinverter = 0:
Connectload = 0;

ma = 0;
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Over_Load = 1;

display_OverLoad();

}
if(Vbatt_Use < Vbatt_set Low)
{
Connectinverter = 0;
ConnectlLoad = 0;
ma = 0;
Battery Low =1;
display_BattLow();
}

display_adc_value(0x83,Vg_Use);
display_adc_value(Ox8b,lg_Use);
display_adc_value(Oxc3,Vinv_Use);
display_adc_value(Oxcb,linv_Use);
display_adc_value(0x9b,MA);

} /[End do - while(Sw_Grid)
while(Sw_Grid);

while(!Sw_Grid);

Connect_Grid();

int main(void)

{
TRISCbits. TRISC13 = 1; /Iset to input #define sw_mode
PORTCbits.RC13
TRISCbits. TRISC14 = 1; /set to input #define sw_enter
PORTCbits.RC14
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TRISFbits. TRISF2 = 1;
TRISFbits. TRISF3 = 0;
LATFbits.LATF3
TRISFbits. TRISF4 = 0;
LATFbits.LATF4
TRISFbits. TRISF5 = 0;
LATFbits.LATF5
TRISFbits. TRISF6 = 1;

PORTFbits.RF6

led_init();
led_clear();

display_title();

while (1)
{
if(Sw_Up == 0)
{
while(!Sw_Up);
led_clear();
Inverter_Run();
}
} /I End While
return 0;
// End main
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/Iset to input #define sw_stop PORTFbits.RF2

//set to output #define Connectlnverter

//set to output #define ConnectGrid

//set to output #define ConnectlLoad

/Iset to input #define ZeroCrossing
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SEMICONDUCTOR®

Data Sheet

40A, 600V, UFS Series N-Channel IGBT
with Anti-Parallel Hyperfast Diode

The HGTG20N60B3D is a MOS gated high voltage
switching device combining the best features of MOSFETs
and bipolar transistors. The device has the high input
impedance of a MOSFET and the low on-state conduction
loss of a bipolar transistor. The much lower on-state voltage
drop varies only moderately between 25°C and 150°C. The
diode used in anti-parallel with the IGBT is the RHRP3060.

The IGBT is ideal for many high voltage switching
applications operating at moderate frequencies where low
conduction losses are essential.

Formerly developmental type TA49016.

Ordering Information
PART NUMBER

PACKAGE BRAND
HGTG20N60B3D TO-247 G20N60B3D

NOTE: When ordering, use the entire part number.

Symbol

HGTG20N60B3D

December 2001

Features

* 40A, 600V at T¢ = 25°C

» Typical Fall Time.................... 140ns at 150°C
* Short Circuit Rated

* Low Conduction Loss

* Hyperfast Anti-Parallel Diode

Packaging

A JEDEC STYLE TO-247

COLLECTOR
(BOTTOM SIDE METAL)

FAIRCHILD SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931
4,598,461 4,605,948 4,620,211 4,631,564
4,682,195 4,684,413 - 4,694,313 4,717,679
4,803,533 4,809,045 4,809,047 4,810,665

4,890,143 4,901,127 4,904,609

4,888,627

4,466,176 . 4,516,143 4,532,534 4,587,713
4,639,754 4,639,762 4,641,162 4,644,637
4,743,952 4,783,690 4,794,432 4,801,986
4,823,176 4,837,606 4,860,080 4,883,767
4,933,740 4,963,951 4,969,027

©2001 Fairchild Semiconductor Corporation

HGTG20N60B3D Rev. B



HGTG20N60B3D

Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified

HGTG20N60B3D UNITS
Collector to Emitter Voltage . ................. ... ... ... .. i, BVces 600 v
Collectorto Gate Voltage, Rge = TMQ . .. ... . BVegr 600 \
Collector Current Continuous. . .. ............ ... . il lcos 40 A
AtT=1100C L Ic110 20 A
Average Diode Forward Currentat110°C. . .................... P IAvG) 20 A
Collector Current Pulsed (Note 1) .. ... ..................... IR lom 160 A
Gate to Emitter Voltage Continuous. . . ................................ e VGES +20 v
Gate to Emitter Voltage Pulsed . .. ........... ... ... ... ... ... ... ... VGeEM +30 A
Switching Safe Operating Areaat Tc=150°C ............................... SSOA 30A at 600V
Power Dissipation Total at Tc =25°C .. ................ ... ... ... ... .. ... Pp 165 w
Power Dissipation Derating Tc>25%C .. ... .. ... ... . 0 i 1.32 wrec
Operating and Storage Junction Temperature Range . .. ..............ooo.. .. Ty, TsTe -40 to 150 oc
Maximum Lead Temperature for Soldering . ...............oiv oo i . T 260 °c
Short Circuit Withstand Time (Note 2) at VGE=15V. . . ... oo il tsg 4 us
Short Circuit Withstand Time (Note 2) at Ve =10V. . .. ....... 0o cor oo tsc 10 us

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. Ve = 360V, Tg = 125°C, Rg = 25Q.

Electrical Specifications T = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collector to Emitter Breakdown Voltage BVcEs Ic =250pA, Vgg = 0V 600 - - \
Collector to Emitter Leakage Current IcES VcE =BVeEs Te =25°C - - 250 pA
-~ | Tg=150°C - - 2.0 mA
Coliector to Emitter Saturation Voltage VCE(SAT) Ic =lg110. Te =25°C - 1.8 2.0 \
VGE = 15V T = 150°C : 2.1 25 v
Gate to Emitter Threshold Voltage VGE(TH) Ic = 250uA, Ve = Ve 3.0 5.0 6.0 \
Gate to Emitter Leakage Current IcES VGe = £20V - - +100 nA
Switching SOA SSOA Te = 150°C Ve = 480V 100 - - A
Vee =15V, VcE = 600V 30 - s A
Rg = 10Q,
L = 45uH
Gate to Emitter Plateau Voltage VGep lc =lc110, VoE = 0.5 BVGES - 8.0 - \
On-State Gate Charge Qa(on) e =lg110. VGE = 15V - 80 105 nC
VcE = 0.5BVeEs  [Vgg = 20v - 105 135 nC
Current Turn-On Delay Time taonyl Te = 150°C, - 25 - ns
Current Rise Time ti IcE=lc110 ) 20 - ns
Current Turn-Off Delay Time t4(oFF)l xCE : ?;i/BVCES: - 220 275 ns
Current Fall Time tq R2E= 100, - 140 175 ns
Turn-On Energy Eon - L = 100pH - 475 - [IN]
Turn-Off Energy (Note 3) EoFF - 1050 - ud
Diode Forward Voltage Vec lec=20A - - 15 19 v
Diode Reverse Recovery Time ter Igc = 20A, digg/dt = 100A/us - - 55 ns
lgc = 1A, digg/dt = 100A/us - - 45 ns
Thermal Resistance ReJc IGBT 4 - - 0.76 ocw
Diode - - 1.2 o°cw

NOTE:

3. Turn-Off Energy Loss (Eggr) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector current equals zero (Icg = 0A) The HGTG20N60B3D was tested per JEDEC standard No. 24-1 Method for
Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. Turn-On losses include
diode losses.

©2001 Fairchild Semiconductor Corporation HGTG20N60B3D Rev. B



Diodes

1TN4148 / 1N4150 / 1N4448 / 1N914B

Switching diode
1N4148 / 1N4150 / 1N4448 / 1N914B

*This product is available only outside of Japan.

®Applications ®Extemal dimensions (Units : mm)
High-speed switching
.Features CATHODE BAND (BLACK;
1) Glass sealed envelope. (GSD) 005101
2) High speed. - :! i _
3) High reliabiity. 'l
2911 38102 | 2911 ¢ g0z
e Construction ROHM : GSD
Silicon epitaxial planar EIAJ: = ..
JEDEC ; DO-35
- ®@Absolute maximum ratings (Ta = 25°C)
Type Veu | Ve ey o Ik A P Tj Topr Tstg
) v (mA) (mA) (mA) (A) (mW) (°C) (°C) °C)
1N4148 100 75 450 150 200 2 500 200 -65~+200 | —65~+200
1N4150 50 50 600 200 250 4 500 200 —65~+200 | -65~+200
TN4448
(1N914B) 100 75 450 150 200 2 500 200 —65~+200 | -65~+200
®Electrical characteristics (Ta = 25°C)
VE (V) BV {V) Min. IR (1A) Max. C: (pF) | tr{ns)
Type @5C | @150°C | yep |, VRV
oA1@mA QZ?mA 1% ng 5:% 10@nA zc%A GO@nA st%m 10(0@mA ZO%A 25%A su@A 10%A VR (V) VR(V) f=1T\A_|9|z ,'{;j,"n"o’g
1N4148 75 100 0025 20 500 20 4 4
1.0 S 50 | 75 ’
0.54 0.66 0.76 /10.82 /10.87
1N4150 - 50 0.1 50 {100.0f 50 25 4
0.62 0.74 0.86],7°0.92 1.0
0.62 0.025| 20
1N4448
(IN914B) 472 0 - 100 50 75 500 | 20 4 4

The upper figure is the minimum VF and the lower figure is the maximum Vr value.




c AV us

File No.:E133481

A

File No.:R9857445

File No.:.CQC02001001941

15A switching capabilities

1&2 pole configurations

1.6KV dielectric between coil to contacts

Various terminals available

Various sockets available

Conform to the CE low voltage directive

Contact Arrangement 1C 2C
Initial Contact Resistance Max. 50mQ(at 1A 24VDC)
Contact Material Silver Alloy

Contact Rating 1C: 15A 220VAC/28VDC
(hes. Load) 2C: 10A 220VAC/28VDC
Max. switching voltage 250VAC/28VDC
Max. switching current 15A 10A
Max. switching power 3750VAC/450W] 2200VAC/280W
Mechanical life 2x 107 ors
Electrical life 1x10°opPs

Initial Insulation Resistance

Coil power

DC.0.9W AC:1.2VA

5 4.0 0.5 27.5 = 10%
6 4.8 0.6 40 £ 10%
12 9.6 1.2 160 £ 10%-
24 19.2 24 650 = 10%
48 38.4 4.8 2600 = 15%
110 88.0 11.0 11000 = 15%

500MQ, 500VAC °

4.80

Between coil and Contacts 1500VAC 1min. 6 18 1.5+ 10%
Dielectric -
K i 48 + 109
Strength Between open contacts 1000VAC 1min. 12 9.60 3.6 6 + 10%
: Between contact sets 1600VAC 1min. 24 19.2 7.2 184 + 10%
Operate time (at nomi. Volt.) 25ms 48 38.4 14.4 735 + 10%
| i i. Volt. 2
Release time (at nomi. Volt.) 5ms 120 96.0 36.0 4550 + 15%
. Functional 100 m/s?
Shock Resistance 2201240 176.0 66.0 14400 + 15%
Destructive 1000 m/s?
Vibration Resistance 1 mm, 10 to 55Hz
Humidity 98%RH, +40°C i
1C: 15A 250VAC/30VDC
Ambient temperatur -40°C to +70°C
peralure uL . 10A 250VAC/30VDC
Termination PCB & Plug-in - 2C: 1/3 HP, 240VAC/120VAC
Unit weight 379
- TOV 2C: 10A 250VAC/30VDC
Construction Dust cover
(,_F" HONGFA RELAY
, ik

115
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INSTRUMENTS

Data sheet acquired from Harris Semiconductor

CD4049UB, CD4050B

August 1998 - Revised May 2004
SCHS046!

CMOS Hex Buffer/Converters

The CD4049UB and CD4050B devices are inverting and
non-inverting hex buffers, respectively, and feature logic-
level conversion using only one supply voltage (Vo). The
input-signal high level (Vi) can exceed the Ve supply
voltage when these devices are used for logic-level
conversions. These devices are intended for use as CMOS
to DTL/TTL converters and can drive directly two DTL/TTL
loads. (Vog = 5V, Vo £0.4V, and Ig > 3.3mA.)

The CD4049UB and CD4050B are designated as
replacements for CD4009UB and CD4010B, respectively.
Because the CD4049UB and CD4050B require only one
power supply, they are preferred over the CD4009UB and
CD4010B and should be used in place of the CD4009UB
and CD4010B in all inverter, current driver, or logic-level
conversion applications. In these applications the
CD4049UB and CD4050B are pin compatible with the
CD4009UB and CD4010B respectively, and can be
substituted for these devices in existing as well as in new
designs. Terminal No. 16 is not connected internally on the
CD4049UB or CD4050B, therefore, connection to this
terminal is of no consequence to circuit operation. For
applications not requiring high sink-current or voltage
conversion, the CD4069UB Hex Inverter is recommended.

Features

* CD4049UB Inverting

» CD4050B Non-Inverting

High Sink Current for Driving 2 TTL Loads
+ High-To-Low Level Logic Conversion
100% Tested for Quiescent Current at 20V

* Maximum Input Current of 1uA at 18V Over Full Package
Temperature Range; 100nA at 18V and 25°C

* 5V, 10V and 15V Parametric Ratings

Applications

. CMOS to DTL/TTL Hex Converter
» CMOS Current “Sink” or “Source” Driver
* CMOS High-To-Low Logic Level Converter

Ordering Information
TEMP.

PART NUMBER RANGE (°C) PACKAGE
CD4049UBF3A -55to 125 16 Ld CERDIP
CD4050BF3A -65 to 125 16 Ld CERDIP
CD4049UBD -55t0 125 |16 Ld SOIC
CD4049UBDR -55t0 125 |16 Ld SOIC
CD4049UBDT -55 to 125 16 Ld SOIC
CD4049UBDW -55 to 125 16 Ld SOIC
CD4049UBDWR -55to 125 16 Ld SOIC
CD4049UBE -55 to 125 16 Ld PDIP
CD4049UBNSR -55to 125 16 Ld SOP
CD4049UBPW -55 to 125 16 Ld TSSOP
CD4043UBPWR -651t0 125 16 Ld TSSOP
CD4050BD 5510125 |16 Ld SOIC
CD4050BDR -55 to 125 16 Ld SOIC
CD4050UBDT -56 to 125 16 Ld SOIC
CD4050BDW -55 to 125 16 Ld SOIC
CD4050BDWR -85 to 125 16 Ld SOIC
CD4050BE -55to 125 16 Ld PDIP
CD4050NSR -65 to 125 16 Ld SOP
CD4050BPW -55 to 125 16 Ld TSSOP
CD4050BPWR -55 to 125 16 Ld TSSOP

NOTE: When ordering, use the entire part number. The suffix R denotes tape
and reel. The suffix T denotes a small-quantity ree! of 250.

Pinouts )
CD4049UB (PDIP, CERDIP, SOIC, SOP, TSSOP) CD4050B (PDIP, CERDIP, SOIC, SOP)
TOP VIEW TOP VIEW
vee [1] i 16] NC vee [1] e [16] NC
G6=A[2] 15 L=F G=A[z] 18] L=F
A[3] 4] ¢ A[E] 7] F
H=B [4] 73] NC H=B[4] [13] NC
B [5] 12| k=€ B [5] 2l k=E
1=C 6] 1] E 1=c[§] [11] E
c[7] 0] 4 =D c[7] [10] 4= D
vss [ 510 vss [3] 5o
1 ’ CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

Copyright © 2004, Texas Instruments Incorporated



CD4049UB, CD4050B

Functional Block Diagrams
CD4049UB _ ' CD4050B

Vee Vee

8 8
Vss Vss
NC =13 NC =13
NC=16 NC =16

FIGURE 1A. SCHEMATIC DIAGRAM OF CD4049UB, 1 OF 6 FIGURE 1B. SCHEMATIC DIAGRAM OF CD40508B, 1 OF 6
IDENTICAL UNITS IDENTICAL UNITS




BC546B, BC547A, B, C,
BC5488B, C

Ainplifier Transistors
NPN Silicon

ON Semiconductor®

Features http://onsemi.com

® Pb—FreePackages are Available*

COLLECTOR
1
MAXIMUM RATINGS 2
Rating Symbol Value Unit BASE
Collector - Emitter Voltage Veceo Vde it
BC546 65 = 3
BC547 45 i EMITTER
BC548 30
Collector - Base Voltage Veeo Vdc
BC546 80
BC547 50
BC548 30
Emitter - Base Voltage VEBO 6.0 Vde T0-92
Collector Current - Continuous Ic 100 mAdc CASE 29
- — 1 STYLE 17
Total Device Dissipation @ Ta = 25°C Pp 625 mw 2
Derate above 25°C 5.0 mW/eC Y
Total Device Dissipation @ T¢ = 25°C Pp 1.5 W
Derate above 25°C 12 mw/°C ¢
Operating and Storage Junction Ty Tayg | -55t0+150 | °C MARKING DIAGRAM
Temperature Range
THERMAL CHARACTERISTICS
~
Characteristic Symbol Max Unit " sc )
Thermal Resistance, Roga 200 | ecw n 54)\(N
Junction-to~Ambient & AYYVe
> L ]
Thermal Resistance, Reyc 83.3 °C/wW
Junction-to-Case “ \Ll‘Ll
Maximum ratings are those values beyond which device damage can occur.
Maximum ratings applied to the device are individual stress limit values (not
nornial operating conditions) and are not valid simultaneously. If these limits are
exceeded, device functional operation is not implied, damage may occur and BC64x = Device Code
reliability may be affected. x=6,7,0r8
A = Assembly Location
Y = Year
ww = Work Week

Pb-Free Package
(Note: Microdot may be in either location)

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 5 of this data sheet.

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

© Semiconductor Components Industries, LLC, 2005' 1 . Publication Order Number:
September, 2005 - Rev..5 BC546/D



BC546B, BC547A, B, C, BC548B, C

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

L Characteristic l Symbol Min l Typ Max Unit i
OFF CHARACTERISTICS

Collector - Emitter Breakdown Voltage BC546 V(BR)CEO 65 - - v

(Ic=1.0mA, Ig=0) BC547 45 - -
BC548 30 - -

Collector - Base Breakdown Voltage BC546 V(BRr)CBO 80 - - \

(Ic = 100 pAdc) BC547 50 - -
BC548 30 - -

Emitter - Base Breakdown Voltage BC546 V(BR)EBO 6.0 - - Vv

(lE=10 pA, Ic = 0) BC547 6.0 - -
BC548 - 6.0 - -

Collector Cutoff Current Ices
(Vce=70V, Vge = 0) BC546 - 0.2 15 nA
(Vce=50V, Vge =0) BC547 = 0.2 15
(Vce=35V, Vge =0) BC548 = 0.2 15
(Vce =30V, Ta = 125°C) BC546/547/548 - - 4.0 pA

ON CHARACTERISTICS

DC Current Gain hre -

(Ilc =10 yA, Ve =5.0 V) BC547A = 90 -
BC546B/547B/548B - 150 %
BC548C - 270 N

(lc=2.0mA, Ve =5.0V) BC546 110 - 450
BC547 110 e 800
BC548 110 . 800
BC547A 110 180 220
BC546B/547B/548B 200 290 450
BC547C/BC548C 420 520 800

(Ic =100 mA, Ve =5.0 V) BC547A/548A 1 120 -
BC546B/547B/548B 3 180 -
BC548C o 300 .

Collector - Emitter Saturation Voltage VeE(sat) \
(Ilc =10 mA, Ig = 0.5 mA) - 0.09 0.25
(Ilc =100 mA, Ig = 5.0 mA) S 0.2 0.6
(Ic = 10 mA, Ig = See Note 1) - 0.3 0.6

Base - Emitter Saturation Voltage VBE(sat) - 0.7 < \
(Ic =10 mA, Ig = 0.5 mA) '

Base - Emitter On Voltage VBE(on) Vv
(lc=20mA, Vce=5.0V) 0.55 - 0.7
(Ic=10mA, Vce=5.0V) 7 - 0.77

SMALL-SIGNAL CHARACTERISTICS

Current ~ Gain ~ Bandwidth Product fr MHz

(Ilc =10 mA, Vcg = 5.0V, f= 100 MHz) BC546 150 300 -
BC547 150 300 -
BC548 150 300 -

Output Capacitance Cobo = 1.7 45 pF
(Veg=10V,Ic =0, f= 1.0 MHz)

Input Capacitance Cibo - 10 - pF.
(Veg=0.5V,Ic=0,f=1.0 MHz)

Small ~ Signal Current Gain hfe -
(lc=2.0mA, Ve =50V, f= 1.0 kHz) BC546 125 - 500

BC547/548 125 - 900
BC547A 125 220 260
BC546B/547B/548B 240 330 500
BC547C/548C 450 600 900

Noise Figure NF dB8
(lc=0.2mA, Vce =5.0V, Rg = 2kQ, BC546 - 2.0 10
f=1.0 kHz, Af =200 Hz) BC547 - 20 10

BC548 - 2.0 10

1.

Ig is value for which Ic =11 mA atVee=1.0 V.

http://onsemi.com
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Current Transducer LA 25-NP

For the electronic measurement of currents : DC, AC, pulsed

mixed, with a galvanic isolation between the primary circuit
(high power) and the secondary circuit (electronic circuit).

| Electrical data

Ly Primary nominal r.m.s. current 25 At
I Primary current, measuring range 0..+36 At
R, . Measuring resistance Ry | | RéL
with+ 15V @+25At 100 320 Q
@+36At, 100 190 Q
lsy Secondary nominal r.m.s. current 25 mA
Ky Conversion ratio 1-2-3-4-5 : 1000
V. Supply voltage (+ 5 %) + 15 \%
I Current consumption 10 + I mA
v, R.m:s. voltage for AC isolation test, 50 Hz, 1 mn 2.5 kv
v, R.m.s. rated voltage ", safe separation 600 v
basic isolation 1700 vV
Accuracy - Dynamic performance data {
X Accuracy @1, , T, =25°C 05 %
€, Linearity <02 IR0
Typ | Max
Iy Offset current? @ 1, =0, T, = 25°C £0.05(x0.15 mA
lom Residual current® @ I, = 0, after an overload of 3 x I, |+ 0.05[£ 0.15 mA
lor Thermal drift of | 0°C .. +25°C |+ 0.06{+ 0.25 mA
+25°C..+70°C |£0.10(#0.35 mA
t Response time* @ 90 % of I, <1 us
di/dt di/dt accurately followed > 50 Alus
f Frequency bandwidth (- 1 dB) DC .. 150 kHz
| General data |
T, Ambient operating temperature 0..+70 °C
T, Ambient storage temperature -25..+85 °C
R, Primary resistance per turn @ T,=25°C <1.25 mQ
R, Secondary coil resistance @ T, = 70°C 110 Q
R Isolation resistance @ 500 V, T, = 25°C > 1500 MO
m Mass 22 g
Standards 2 EN 50178
Notes : ¥ Pollution class 2

2 Measurement carried out after 15 mn functionning

¥ The result of the coercive field of the magnetic circuit

4 With a di/dt of 100 A/us
% A list of corresponding tests is available

Features

e Closed loop (compensated) multi-
range current transducer using the
Hall effect

 Insulated plastic case recognized
according to UL 94-V0.

Advantages

e Excellent accuracy

e Very good linearity

o Low temperature drift

e Optimized response time

e Wide frequency bandwidth

e No insertion losses

e High immunity to external
interference

e Current overload capability.

Applications

e AC variable speed drives and servo
motor drives

e Static converters for DC motor drives

e Battery supplied applications

e Uninterruptible Power Supplies
(UPS) .

e Switched Mode Power Supplies
(SMPS)

e Power supplies for welding
applications.

980909/8

LEM Components
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Jimensions LA 25-NP (inmm. 1 mm = 0.0394 inch)

Bottom view Right view Top view
26
792, 10.16_,7.92
4x2.54 10x 5 0.7x0,6mm N ’
R 2
N e It h— A (@
oo .3 LEM ® swiss
o~ For— bl I s==—= _made
B © 6 o & C €
Sxelm 2 LA25-NP
[P S P 00-0000
TR R 3 M/ LN
n
7.62 E7.62 .o / A
638 1524 B3 16,45 Standard 00 Year Week

Secondary terminals

208
3
15.1

45403

i e — Terminal + : supply voltage +15V . N .
VO AN n DT
Terminal M: measure ip LA 25-NP M ov
Terminal - : supply voltage - 15V g N - -

or N° SP..

Connection

Number | Primary current | Nominal Turn's
ofprimary | nominal | maximum | output current ratio
turns | [A]|l [A] lgw [mA] K

N

‘Primary | Primary insertion Recommended
resistance [ inductance connections

1 25 36 25 1/1000

| R, [mQ]|L, [pH]

§4321IN
O0—0—0-0-0

0.3 0,023

O—-0—0—0—0
OUT 6 7 8 910

2 - 12 18 24 2/1000

5432 1IN

1.1 0.09 NV 4 |

OUT 6 7 8 910

3 8 12 24 3/1000

5432 1IN

0l @ o0
25 0.21 g5 .

our 6 7 8 910

4 6 9 24 4/1000

54321 IN
Q O—O\ s} .
44 0.37 N \;\b

OUT 67 8 910

5 5 7 25 5/1000

5432 1IN

6.3 0.58 NNy

OUT 67 8 910

lechanical characteristics

General tolerance ) + 0.2 mm

Fastening & connection of primary 10 pins 0.7 x 0.6 mm
Fastening & connection of secondary 3 pins @ 1 mm
Recommended PCB hole 1.2 mm

-Remarks

® |, is positive when I, flows from terminals 1, 2, 3, 4, 5 to
terminals 10, 9, 8, 7, 6

¢ This is a standard model. For different versions (supply
voltages, turns ratios, unidirectional measurements...),
please contact us.

M reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.
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LM139/LM239/LM339/LM2901/LM3302
Low Power Low Offset Voltage Quad Comparators

General Description

The LM139 series consists of four independent precision
voltage comparators 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 characteris-
tic in that the input common-mode voltage range includes
ground, even though operated from a single power supply
voltage.

Application areas include limit comparators, simple analdg to
digital converters; pulse, squarewave and time delay gen-
erators; wide range VCO; MOS clock timers; multivibrators

and high voltage digital logic gates. The LM139 series was

designed to directly interface with TTL and CMOS. When
operated from both plus and minus power supplies, they will
directly interface with MOS logic— where the low power
drain of the LM339 is a distinct advantage over standard
comparators.

Features

= Wide supply voltage range

m [ M139/139A Series 210 36 Vg or £1 to £18 V¢
m [ M2301: 210 36 Vpg or £1to %18 Ve
B | M3302; 210 28 Vg or £1 0 %14 Vg
® Very low supply current drain (0.8 mA) — independent

of supply voltage

Low input biasing current: 25 nA
Low input offset current: +5 nA
Offset voltage: *3mVv

Input common-mode voltage range includes GND
Differential input voltage range equal to the power
supply voltage

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

' Advantages

w High precision comparators

B Reduced Vg drift over temperature
Eliminates need for dual supplies

Allows sensing near GND

Compatible with all forms of logic

Power drain suitable for battery operation

One-Shot Multivibrator with Input
Lock Out

1M
\ | *
174 LM139 .

560k % 15k

=

100 pF
+

1/4 LM139 Vo

00570612

si0jesedwo) penp sBel oA 19SHO MO Jamod MO ZOSEINY/ 1062 /6EEINT/6EZNT/6ELINT

© 2004 National Semiconductor Corporation DS005706

www.national.com



LM139/LM239/LM339/LM2901/LM3302

Absolute Maximum Ratings (ote 10)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

LM139A/LM239A/LM339A

Supply Voltage, V*

Differential Input Voltage (Note 8)

Input Voltage
Input Current (Vy<-0.3 Vp¢),
(Note 3)
Power Dissipation (Note 1)
Molded DiP
Cavity DIP
Small Outline Package
Output Short-Circuit to GND,
{Note 2)
Storage Temperature Range
Lead Temperature
(Soldering, 10 seconds)
Operating Temperature Range
LM339/LM339A
LM239/LM239A
LM2901
LM139/LM139A
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package

Vapor Phase (60 seconds)
Infrared (15 seconds)

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

Distributors for availability and specifications.

LM139/L.M239/LM339

LM2901

36 Vpg or =18 Ve

36 Vpe

-0.3 Vpe 10 +36 Vg

50 mA

1050 mW
1190 mW
760 mW

Continuous
-65°C to +150°C

260°C
0°C to +70°C
-25°C to +85°C
-40°C to +85°C
-55°C to +125°C

260°C

215'C
220'C

LM3302

28 Vpc or £14 Ve

28 Voo

50 mA

1050 mW

Continuous
-65°C 0 +150°C

260°C
-40°C to +85°C

260°C

215°C
220°C

~0.3 Vi 10 +28 Vpe

ESD rating (1.5 kQ in series with 100 pF) 600V 600V
Electrical Characteristics
(V*=5 Vpe, Ta = 25°C, unless otherwise stated)
Parameter Conditions LM139A LM239A, LM339A LM139 Units
Min Typ Max | Min Typ Max | Min Typ Max
input Offset Voltage (Note 9) 1.0 20 1.0 2.0 20 50 | mVpe
Input Bias Current Iingey OF Iy With Output in 25 100 25 250 25 100 .| nApc
Linear Range, (Note 5), V=0V
Input Offset Current hnen=hiney Vem=0V 30 25 50 50 30 25 NApc
input Common-Mode V*=30 Vp¢c (LM3302, 0 V*-15f 0 V*-15( 0 V*-1.5! Vpg
Voltage Range V* = 28 Vi) (Note 6)
Supply Current R. = = on all Comparators, 08 20 08 20 08 2.0 | mApe
R = o, V* = 36V, 1.0 25 1.0 25 | mApe
(LM3302, V* = 28 V)
Voltage Gain R.215 kQ, V* = 15 Ve 50 200 50 200 50 200 VimV
Vo =1 Vpe to 11 Vpg
Large Signal Viny = TTL Logic Swing, Veer = 300 300 300 ns
Response Time 1.4 Vpe, VaL = 5 Vpe,

www.national.com




ST

TL082
TLO82A - TL082B

GENERAL PURPOSE J-FET

DUAL OPERATIONAL AMPLIFIERS

B WIDE COMMON-MODE (UP TO V') AND
DIFFERENTIAL VOLTAGE RANGE

B LOW INPUT BIAS AND OFFSET CURRENT
B OUTPUT SHORT-CIRCUIT PROTECTION

B HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

B INTERNAL FREQUENCY COMPENSATiON

B LATCH UP FREE OPERATION
B HIGH SLEW RATE : 16V/us (typ)

DESCRIPTION

The TL082, TLO82A and TLO82B are high speed

J-FET input dual 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 current, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

il

N
DIP8
(Plastic Package)

SO8
(Plastic Micropackage)

P
TSSOPS8
(Thin Shrink Small Outline Package)

ORDER CODE
Package
Part Number Terng?‘raéure
. 9 N|D]|P
TLO82M/AM/BM -55°C, +125°C . . .
TLO82VABI -40°C, +105°C . ° .
TLO82C/AC/BC 0°C, +70°C ° . .

Example : TL082CD, TL082IN

N = Dual in Line Package (DIP& . .
D = Small Outline Package (SQ) - also available in Tape & Reel (DT)

P = Thin Shrink Small Qutline Package (TSSOP) - only available in Tape
& Reel (PT)

1 - Offset null 1

2 - Inverting input 1

3 - Non-inverting input 1
4-Veo©

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2

8-vect
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TLO82 - TLO82A - TL082B

SCHEMATIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
' Symbol Parameter TLO82M, AM, BM l TLO82l, Al, Bl TLO82C, AC,BC | Unit
Vee [ Supply voltage - note 1) +18 \Y;
Vi |Input Voltage - note 2 £15 Y
Via  |Differential Input Voltage - note ) *30 v
Piot Power Dissipation 680 mwW
Output Short-circuit Duration - note 4) Infinite
Toper | Operating Free-air Temperature Range -55 to +125 -40 to +105 0 to +70 °C
Tstg | Storage Temperature Range -65 to +150 °C

1. Al vol;a%e values, except differential volta
level is

> oN

211

he midpoint between V™ and Ve~

ge, are with respect to the zero.reference level (ground) of the supply voltages where the zero reference

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
Differential voltages are the non-inverting input terminat with respect to the inverting input terminal,

The output may be shorted to ground or to either su
is not exceeded

pply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating
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TL082 - TLO82A -TL082B

. ELECTRICAL CHARACTERISTICS

Vee =215V, T, = +25°C (unless otherwise specified)

TLOS2I,M,AC,ALAM
~ ot ann TL082C
Symbol Parameter BC,BI,BM Unit
Min.| Typ.| Max.| Min.| Typ.| Max.
Input Offset Voltage (Rg = 50Q) mv
Tamp = +25°C TLO82 3 10 3 10
TLO82A 3 6
Vio TLO82B 1 3
Tmin < Tamb < Trmax TLO82 13 13
TLO82A . 7
TL.082B 5
DVj, |[Input Offset Voltage Drift 10 10 wv/eC
Input Offset Current - note V)
o Tamb = +25°C 51100 5 | 100 | pA
Tmin < Tamb = Tmax 4 10 nA
Input Bias Current -note 1
lip Tamp = +25°C 20 | 200 20 | 400 | pA
Tmin < Tamb < Tmax 20 20 nA
Large Signal Voltage Gain (R = 2k, V, = +10V) VimV
Avd Tamp = #25°C 50 | 200 25 | 200
Tmin = Tamb = Tmax 25 15
Supply Voltage Rejection Ratio (Rg = 50Q) dB
SVR Tamp = +25°C 80 | 86 70 | 86
Tmin = Tamb < Tmax 80 70 .
Supply Current, no load mA
lcc Tamp = +25°C 14 | 25 1.4 | 25
Toin < Tamb < Trnax 25 2.5
Viem |Input Common Mode Voltage Range 1y +1125 e :15 v
Common Mode Rejection Ratio (Rg = 500Q) dB
CMR Tamp = +25°C 80 | 86 70 | 86
Tmin s Tamb 5 Tmax 80 70
Output Short-circuit Current mA
los Tamb = +25°C 10 40 60 10 40 60
Tmin< Tamb < Trax 10 60 10 60
Output Voltage Swing v
Tamp = +25°C RL = 2kQ 10 | 12 10 | 12
Vopp RL = 10kQ 12 | 135 12 | 135
Toin £ Tamp < Trax RL = 2kQ 10 10
RL = 10kQ 12 12
SR Slew Rate (T, = +25°C) Vius
Vin = 10V, R = 2k, C_ = 100pF, unity gain 8 16 8 16
Rise Time (Tgpp, = +25°C) us
i Vin = 20mV, R, = 2k, C_ = 100pF, unity gain 0.1 01
K Overshoot (Tymp = +25°C) %
ov Vin = 20mV, R = 2kQ, C|_ = 100pF, unity gain 10 10
GBP Gain Bandwidth Product (Tymp, = +25°C). . . MHz
Vin = 10mV, R = 2kQ, C__ = 100pF, f= 100kHz 25 4 2.5 4
Ri  [Input Resistance ' 1012 1012 Q
&7 311




TL082 - TLO82A - TL082B

TLO82I,M,AC,AlLAM,

TLO82C :
Symbol Parameter BC,Bl,BM Unit
Min.| Typ.| Max.| Min.| Typ.| Max.
Total Harmonic Distortion (T, = +25°C), o
THD f= 1kHz, R, = 2k,C, = 100pF, A, = 20dB, %
- 0.01 0.01
Vo = 2V,
e Equivalent Input Noise Voltage nVv
n Rg = 1009, f = 1KHz 15 15 JAz
©@m |Phase Margin 45 45 degrees
Channel Separation
VitV . _ 120 120 dB
01/ Vo2 A, =100

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

4/11
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TLO3O, TLO81, TL082, TL084, TLOS1A, TL082A, TLO84A
‘ TLO81B, TL082B, TL084B, TL082Y, TL034Y
JFET:INPUT OPERATIONAL AMPLIFIERS

SLOS081A-D2297, FEBRUARY 1977-REVISED NOVEMBER 1992

24 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

® Low-Power Consumption ® High Input Impedance . . . JFET-Input Stage
® Wide Common-Mode and Differential ¢ Internal Frequency Compensation (Except
Voitage Ranges TLO8O, TLOB0A)
® Low Input Bias and Offset Currents ® [atch-Up-Free Operation
®  Qutput Short-Circuit Protection ® High Slew Rate . .. 13 V/us Typ
® | ow Total Harmonic ® Common-Mode Input Voltage Range
Distortion . . . 0.003% Typ Includes Vees
TL080 TLO81, TLOS1A, TL0O81B TLO82, TLO82A, TL082B
D, P, OR PW PACKAGE D, JG, P, OR PW PACKAGE D, JG, P, OR PW PACKAGE
(TOP VIEW) = (TOP VIEW) (TOP VIEW)
N1/COMP [} 1 o ] comp OFFSET N1 [} 1 Y g[INC 10UT [] 1 S 1 Vec+
IN- ] 2 7] Vee+ IN~ [§ 2 7 Vees 1IN-[] 2 72 0UT
IN+[] 3 6 [J oUT IN+ [} 3 sfjout - 1IN+ [} 3 612 IN-
Vee- [l 4 5[] OFFSET N2 Vee- 4 © 5[] OFFSET N2 Vee- [l 2 512N+
TLO81M. .. FK PACKAGE TLO82M . . . FK PACKAGE
{TOP VIEW) (TOP VIEW)
E = +
o
{0 (SR OS] 80
& Z—-Z2>2
25299 i proden o
3 2 1 2019
/I NC {] 4 18[] NC
NC[a° 2 T2 %1 Ne 1IN-s 17[] 2 0UT
NC 16 16[] NC
IN-]5 17[} Voc+
NC [] 6 1] NC TIN+ {7 15[] 2IN-
NC 14} NC
IN+ ] 7 15[] oUT 18 N o134
NC []8 14[J NC i | s s o T
9 10 11 12 13 o Loto
o v o ] z28zzz
ol oo >«
28 z2Z=z
S
> ww
9 TLO84M .. . FK PACKAGE
i (TOP VIEW)
TLO84, TLOS4A, TLO84B L 57 4
D, J, N, OR PW PACKAGE Z000Z
(TOP VIEW) P Z T <
(521 2m
10Ut |1 ~ 14flaouT 1IN+ T4 18[f4 IN+
1IN= [l2 13[4 IN- NC []s 17[I NC
1IN+ 3 12f]aIN+ Vee+ {16 16[] VCC—
Vee+ [ 4 1 ]VCC— NC :'7 15[ NC
2IN+ 5 10f]3IN+ 2iN+ e o Jel 3 N
2IN- [l s o[} 3 IN- o ¥ T | o |
20UT [|7 g[]30UT ZlS%SZI
N O O o
N o

NC-No internal connection

PRODUCTION DATA information is cument as of publication date . Copyright © 1992, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments ,' On products compliant to MIL-STD-883, Class B, all parameters are
1dard warranty. P p g does not ily include "l tested unless otherwise noted. On all other products, production
testing of all parameters. I EXAS e p ing does not ily include testing of all parameters.
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

POST OFFICE BOX 1443 ® HOUSTON, TEXAS
77251-1443



TL080, TLO81, TLO82, TLO84, TLOS1A, TLO82A, TLOS4A
TL081B, TL082B, TL084B, TL082Y, TL084Y
JFET-INPUT OPERATIONAL AMPLIFIERS

. SLOS081A-D2297, FEBRUARY 1977-REVISED NOVEMBER 1992

symbols

OFFSET N2

description

ouT

OFFSET N1

OFFSET N2

TLO81

IN+

IN- —

ouTt

TL082 (each amplifier)
TLO084 (each amplifier)

IN+

ouT

The TLO8_ JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed . operational amplifier family. Each of these JFET-input operational amplifiers incorporates
well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature
high slew rates, low input bias and offset currents, and low offset voltage temperature coefficient. Offset
adjustment and external compensation options are available within the TLO8 _family.

Device types with a C suffix are characterized for operation from 0°C to 70°C, those with an | suffix are

characterized for operation from —40°C to 85°C, and those with an M suffix are characterized for operation over
the full military temperature range of =55°C to 125°C.

AVAILABLE OPTIONS
Vio PACKAGE CHIP
. MAX [ SMALL | SMALL CHiP~[CERAMIC [[CERAMIC | PLASTIC | PLASTIC | o | b
A at | OUTLINE | ouTuNE | carRriER |  DIP DIP DIP DIP T o
25°C | (Doos) (D014) (FK) W) G) N) ()
15mv | TLOBOCD TLOBOCP | | TLOBOCPW
15mv | TLOBICD TLOBICP | TLOBICPW
6mV | TLOS1ACD - T i o v TLOS1ACP -
3mv |TLo81BCD TLO81BCP
ot C [*5mv |TL0820D TLOB2CP | TLO82CPW | TLOB2Y
e | emv | TLosaaco _ I’ = _ i TLOB2ACP
3mv |TLos2BCD TLO82BCP
T5mv TL084CD TL0B4CN TLOB4CPW | TLOBAY
6 mv — TLOB4ACD — » —  |TLos4AcN —
3mv TL084BCD TLO84BCN
—40°C | 6mv |TLOBID TLog11P
to 6mv |TLO82ID — » N\ TLO82IP — —
8s°c | emv |TLossip | TLos4ID TLOB4IN
Z55°C | 6mv TLOBTMFK TLOBIMIG
fo 6 mv — — TLOB2MFK TLO82MJG i, 4 — —
125 | omv TLOB4MFK | TLO84MJ

The D package is available taped and reeled. Add R suffix to device type, (e.g., TLOBOCDR).

POST OFFICE BOX 1443 ®
77251-1443

TEXAS "@
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

4HOUSTON. TEXAS




TOSHIBA

TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo—-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

Input threshold current: Ir=5mA(max.)

Supply current (Ic): 11mA(max.)

Supply voltage (Vc): 10-35V

Output current (I0): £1.5A (max.)

Switching time (tpLH/tpHL): 1.5ps(max.)

Isolation voltage: 2500Vymgs(min.)

UL recognized: UL1577, file No.E67349

Option (D4) type
VDE approved: DIN VDE0884/06.92, certificate No.76823

~Maximum operating insulation voltage: 630VPK

Highest permissible over voltage: 4000VpK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)

ee

Unit in mm

kiR d

TOSHIBA

11-10C4

Weight: 0.54 g

Schmatic Pin Configuration (top view)
Icc
T ? 0" Vee 1 [ s
I \ (Tr 1) 2 E :I 7
.—)
Vi } 3 { >' < 3[] s
3- —=0 Vo
. o 6 4 [ — 3115
T (Tr 2)
A d - O
‘ s GND 1:N.C.
A 0.1yF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3: Cathode
4:N.C.
5:GND
6 : Vo (Output)
7:Vo
8:Vee
Truth Table
Tr1 Tr2
Input On On Off
LED off off on
1 2004-06-25



TOSHIBA

Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current Ig 20 mA
Forward current derating (Ta 2 70°C) Alg / ATa -0.36 mA/°C
@ Peak transient forward curent (Note 1) IFPT 1 A
Reverse voltage VR 5 \
Junction temperature ) Tj 125 °C
"H’peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopH -1.5 A
“L"peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopL +1.5 A
(Tas 70°C) 35
Output voltage : Vo \'
5 (Ta=85°C) 24
8 (Ta < 70°C) 35
2 Supply voltage Vee \
(Ta=285°C) 24
Output voltage derating (Ta 2 70°C) AVg ! ATa -0.73 Vi°C
Supply voltage derating (Ta 2 70°C) AVgego / ATa -0.73 V/°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) (Note 4) Tsol 260 °C
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVsg 2500 Vrms

Note 1:  Pulse width Py < 1us, 300pps

Note 2.  Exporenential wavefom

Note 3:

Note 4:  ltis 2 mm or more from a lead root.

Note 5:

Note 6:

Recommended Operating Conditions

together.

Exporenential wavefom, IopH < ~1.0A( £ 2.5us), lopL < +1 .OA'(Ts 2.5ps)

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

A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(ON) 7 8 10 mA
Input voltage, off VF(OFF) 0 - 0.8 v
Supply voltage Vee 15 — 30 20 \%
Peak output current lopH/lopL — — 0.5 A
Operating temperature Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall time) < 0.5 ps.

2004-06-25



TOSHIBA

Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — |lF=10mA, Ta=25°C 1.6 1.8 A"
Temperature coefficient of PP o
forward voltage AVF/ATal  —  |IF=10mA — -2.0 — [mv/°C
Input reverse current Ir — VR=5V, Ta=25°C " —_ 10 wA
Input capacitance Cr —_ V= 0,f=1MHz, Ta=25°C —_ 45 250 pF
' wp IF =10 mA
H” level lopH 3 -0.5 -1.5 —
- Vg_g =4V
Output current 2,/,(13;3 3oV 8 A
- P lg=0
L” level lopL 2 Vo5 = 2.5V 0.5 2 —
upn Vce1 = +15V, VEgq = -15V _
H" level Vor 4 RL = 2000, If = 5mA 1" 12.8
Output voltage \'
w Veeq = +15V, Vggq = -15V - . _
L" level VoL 5 RL = 200Q, Vi = 0.8V 14.2 12.5
Vee =30V, I = 10mA - 7 .
“H” level lccH — Ta=25°C
Vee = 30V, IF = 10mA — — 11
Supply current 0g C mA
Vee =30V, IF = 0mA _ 7.5 h
“L" level icoL e Ta=25°C
Ve =30V, IF = OmA — -— 11
Threshold input “Output [ Veer = +15V, Veg1 = =15V
" FLH -— — 1.2 5 mA
current L—H Ry =200Q, Vg > 0V -
Threshold input “Output | Veet = +15V, Vg = =15V
h FHL — 038 — — \%
voltage H-L R = 2000, Vp < 0V
Supply voltage Vee — 10 — 35 \%
(Eapacitance Cs - Vs=0,f=1MHz b 1.0 2.0 pF
(input—output) Ta =25 ¢
. - Vg =500V, Ta =25°C 12 14
Resistance(input-output) Rs — RH.< 60% 1x10 10 — Q
.* All typical values are at Ta = 25°C (*1): Duration of Ig time < 50ps
3 2004-06-25
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