‘iuUUﬂ’litﬂﬁFJ‘L!'WENQ’!NNﬁ&lNﬁ'mio‘lﬂ'l"ﬁlﬂiaﬁtl;ﬂﬁil'mﬂﬂLLﬁuWﬁs‘N"l‘lJﬂﬁJ
Taeluasasudasiumdalnnge
Hybrid PV and Wind Energy Conversion using DC-DC Converter

Tae

wiednsna  useguis
wgalgwa N5
wpnigand  AUNAY
wiesulins  wsa9

U"s:y,mquwuﬁutﬁumumwaqmsﬁnmmwanamqﬁfms-sumamumm :
mn'z-u'nmrﬁ'm‘lwm ﬂqumnﬁumﬁm
amwmn'lulaam.,aamnmLmﬂmwm Ta1ANTEUY
Jn1sAnen 2560



STUUNISHUAYUNA U ENNETUSENINNY AR a9 TN LaZWaI9ILaY
e ldr9asuiasduniaslnnss
Hybrid PV and Wind Energy Conversion using DC-DC Converter

1ne

wginsna  waens
Wglgwa N33
wealgand  I5uIAU
wwsufins  Insae

2/

USyyriwusiiludruniswasnisineinamdngnsieanssumansiudio
MadrdaInssulnin AugdAanssumans
aartumalulagwszaaundndngunuisaianssus

Yn1sfinwn 2560



Hybrid PV and Wind Energy Conversion using DC-DC Converter

Jakkrawal Sangrit

Nuttapon Kanvisha
Natlapat Wattanavekin
Tanamit Powar

THIS PROJECT SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT
FOR THE BACHELOR DEGREE IN ELECTRICAL ENGINEERING
DEPARTMENT OF ELECTRICAL ENGINEERING FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2017



Un15An®12560
SEUUNSIU BB UNS I UNALNA IS E W aA LA M D LAy NE 1 1uA
Tneldrsasudasriumasinmns
Hybrid PV and Wind Energy Conversion using DC-DC Converter

1ng
UPINTNE  haagns
Waigna QUPRLY

wwalgang  IsunAY
YusUTnS n579

& et
219138NU3NW

IA.ATIINT AULSA



UsgyyiinustUns@inen 2560

na3n enssalngi

Anugdmnssueans aordumalulainszasunadinuvmsaianss U

399 SruumsABundsruNaLiausE I aeRdLate e duarndsuanlagldaas
wtlassiumaelnngs
Hybrid PV and Wind Energy Conversion using DC-DC Converter

1. wwedngna wasgwd
2. wwelgna A5
3. Wwnlgang JsunRu
o wwsuies ndae

&}‘QM/-\ 919158MUS N

( 9A.05.3305 AauSA )




STUUNTSIUASUNA M UNENNEUSENIad waIeAingrasnasuaulaeldsasuias

Huaslnns
WEINTNE  Uagns
PRI N33

wpalgana  sunRu

wesulins  Inde

3A.A3.733905 AeuLsa 919156703
Un15finwn 2559

UNANED

ﬂ%mmwiwuéﬁaﬁaa%aqﬁuadﬂiLLiJ'iﬁ;Tuﬁﬂé'ﬂWmQ ae9easuHaLRa el
ANSULVAITIINAITUNAUNUEDILYEY ApluasTe i nasuLasaindhazuLnadaney
I seuanlanunsoveunaunausuduniaumdsng lugessashazusenouludae
asudsfiumasinassuuyaduazisulsiufiaslwasiwuuphase shift full bridge lne
nsmuaLnnuresEindluiiaensasinlulasroulnsaiaes C2000 Delfilo F28377s
lafinswIeuiigusenitmsdiassmavinulaglilusunsy Matlab Simulink Auganaaes
fioenuuutaraiistiu ionansdensdsdromdmensusiuralnnssiaans TudTvan



Hybrid PV and Wind Energy Conversion using DC-DC Converter

Mr.Jakkrawal Sangrit
Mr.Nuttapon Kanvisha
Mr.Natlapat Wattanavckin
Mr. Tanamit Powar

Assoc.Prof.Dr.Vijit Kinnares  Advisor

ABSTRACT

This thesis is study about two circuits of DC converter which working in hybrid
for using to two Renewable energy source, photovoltaic cell and wind turbine, can
work together as a single source. Two circuits consist of Boost DC converter and phased
shift full bridge converter that is controlled by working of switching two circuits in
microcontroller C2000 Delfilo F28377s.There is a comparison between working by

Matlab Simulink and real experiment circuit for showing power transmission of the two
DC converter circuits to loads.
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q(V+IRs)
] = Ipu -1 (e nkT — — 1) (2.1)

[sc L3 K,(T - Tn)

(Q(VOC+K11(T_T71))) (2.2)

e nkT -1
G R. +R

Ipu = G_ sc % + KI(T - Tn) 23)
n p

Ly, - nszuaieaduatenfindasnetu

Iy, = nswumdusdounduveslelen

Ry = enwshumueynsy

Ry, = mnuiumusu

q = Uszgdliinaseu = 1.6x10-19 C

k= dndilluadiu = 1.3805x10-230K-1

n = rrAsTivesTaRTiviuss Photovoltaic

I, = nszudlihvngdaneas

Ve = uwssdulniwazilnass

K, = dwssdniamvewssiulnihdegomgl

Ki = dnssEnsamvesnsuualnivviogamgd

T, = quvgiii STC

G, = euduuasi sTC
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R, = E(‘m(uo - Uy)) (2.4)
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P = E(p(Auo)) (2.5)
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di, _V,
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V.DT (2.9)

= t

(Vin-Vour)

JUN 2.6 nsmusssiulnihiinnaseusumileati



l | t
| |

I
sUN 2.7 novivaanszualnihiluanudmieadn
Tvued 2 andladiinszua (Mode 2 Switch Off)

\ " ' §toao
VS S Ve 1 ¢Va

i ~ = 1o
JUN 2.8 2vsauyalleaindlaiiinsyua

P a I o s | o I 1 v a

iaadadladinsea nszwaludimitentiazldaiuisaiasundaslavius lnelalonawgn
W [ o v o ° 'Y | ) o ° | ' ~ ]

Tudaludnanirlddinszua vldnszualvdqlvacuduniordieg1emeiiios a¢la
W ~ | ) = o mn ot

w5 Ul AR nAsaus iR 9T

_VS + VL -+ V;I = ) (2.10)
di, Vs—V, (2.11)
at L

ANUIMDNTINTTIUABULUADINSL AN AR A IWReN N vazadn g ludnnszualaann

Vi =V,
Aly gy = ge— 1) ] L) o (1-D)T @y



LAYEINNTOOATIVEELIIAUIINDATIAIUVD TR U LN P UL v RnmausIdu W A Y
sunaazle
Vo 1 (2.13)

2.3 3mdmienhiiniian
nszuaiilvarhuiumioninduluusedewariaduuindeiuiasnsn

yavosinnienhiidniianld fiilissyadiouldimanseualiihiluaciu

wilsahanuusedaarldreiles nnMstvunlinssuaiiandugud

~ V. 1 V.DT\
]L,mfn - (1 — D)Z _R _E 7 = (2.14)
IWIZRzTy
(A DL — D)ZR (2.15)
min — Zf

2.3.4A152A0NAANYDILTIAUINAIA1LeDN
MsvATaraeneaLY eIl ueanInEeRtaren @anTsarlaannszualwiinlva

' v &
WIUAANUUTER

|AQ| = CAVO = ]OAton
(2.16)

azls

AVy D (2.17)
Vo RCf

2.429950 U UNNAYINASILUY Phase Shift Full Bridge DC-DC
finldlun1siunanseduves DC Taussduganialuauiidinatanie oy
Server power supplies , Telecom rectifiers , Battery charging system , Renewable energy
Taedlf Microcontroller Wushmugudadumsiasuainniseuausuma Hardware 1y
Hupuauriumg Software ilidmnsiouazBavgulunisniuauinndeu



10

2.4.1 MannNI1sN9IY

< o

3U1‘7|' 2.9 17UV Phase Shift Full Bridge DC-DC

997995 Full Bridge fivsznausieaing ¢ & 1y MOSFET wio IGBTs uay
fivifoutasognaileugugdl uazdl Diode Rectifier §1w5u Synchronous Rectifier (SR) agnng
89 Secondary @avis 4 fhazainddeauiigs Tnelnasmsduweenasfuuuy RLC Series
Resonant a3nd Qa 4ag Qs %gﬂﬁgamagjﬁ 50% Duty Ratio wazilinas1susy 180° ey
wagiu dauaing Qc uay Qp ﬁgnﬂ%ﬁwayjﬁ 50% Duty Ratio uasiliasinaiuey 180° oy
waziiu Tnedoyaio PWM dwiufues Qe uas Qo wﬁmmﬁimwaﬁﬁua;jﬁ‘uﬁ‘uﬁwaa Qa
wae Qs svezmsiasumatazmuasaunsiudoutusswineind e wnd s foun
Usinamdsnuiisneley fullmiogfiazilelen D, wer D, insesnszuaegansi lunied
Lo wag Co \UuAINTaInauazdennImIueiaen
2.4.2 nmsvinhldldlulesanis

Wunismuauiiasinmi IneUsuUsunausnuliwiaii agamuaan‘uméu

&
=1 =

118197 G’?’Jwé’ﬂmiLgaugi'uaﬁﬂrmwmﬁainﬁwﬁjwa~a§unama'§%ﬁ§u il wiiileufuy
Bau waniniufnssufuanuiiiviufielnaindvinsnuatelaiieuly Zero Voltage
Switching (ZVS) dslnwrdiwansentuuding a1ldiinsusuinmudaintuneiu sy
Wudeuna wavyudeuaiuay vhilnfuiindunssua-namieUsinaszaily discharge
Drain-Source Parasitic Capacitance : COSS @84 Switch Usglnn MOSFET (SW MOSFET) 7l
wWasulUludnumed discharge linuauag SW MOSFET §n73 turn on nseudaisas COSS
Fanamdu SW MOSFET Sefidnuaignisyhauiiiudeuluan Zero Voltage Switching (ZVS)
flu NON-Zero Voltage Switching (NON-ZVS) fatiuiitalun SW MOSFET anunsavineinlu
Snwaug 2vs fMuisndufesuiunruilvgduiiodunsuaslvldanindunssua-
navieUIuna Usegfiunnwediay discharge COSS Tnnuanaufingdinis tum-on vas



11

switchassnaly fadulunmseenuuy 1sesiitelnlddnuasnis discharge vas COSS figne
psdmsuNMuLULZYS salunssesnuuuiiieluld Wediedunseua-namieUSunanis
discharge Us¥qua3 COSS ﬁgf‘@'@ﬁ@awmﬁunamaﬁan'a'we?’ﬁﬁuﬁd #03NTW WALUUNIS
douauwuuldanung asifinaruiiuesnuuuiEsuaiEunsantrIn N ey
T dilodledeumuussiu

2.5lulasnaulnsalaas C2000 (TMS320F28377S)

2000 FoTonszgalulasmeulnsaiass 32 9 990 Texas Instruments Inc.
KHES DSP, Microcontroller uazlodd199 lay Texas Instruments lﬁﬁ’mum%amsgmﬁu
pgnven1sveslulasAaulnsal@s sy Real-time 31 C2000 %agﬂﬁﬂiﬁrﬂu Digital Signal
Controller (DSC) inifunsenaduiilaily C2000 1wy €5000 3o C6000 Azgninliiogly
nse¥Na Digital Processor (DSP) Afulduyszanadyyruddnoadudiulng gy
Usgsnanaiale uazroufinnefifudu lulasroulvsainesuiniilurinfidnuniwas &
Tnssaduiidudou awrsnUszmanafidudoulunisauauszuuuuuidealnild dents
svserundenuariinoanaulnalilugunsaiuiden

LAUNCHXL-FIRITTS Py 1203775 P map LAUNCHXL-F283778 UINCY TRITTS P ey 1 LAUNCHXLT26377% P may

> () 2

):lulg P13

B, (U1} P78
H

* jemwk
LR (P3 H{{D)H3

SCIB TXD

sU#l 2.11 C2000 F283775



12

mswmuiszuvlulasaeulnsaaaideddniasauiduazvonduas dmsu
mAToiaswuswendwsldlunislusunsy Source code aslululilasaeulnsamasuas
Tusunsumaulndeasds 19 2 Wsunsude

1. Code Composer Studio v 6.1.3 (CCS) tdurawdurslusunsuuas
aoullniaesnwddssindiinenlnduazinanlusunsuadlubilasaoul nsaaesuaziitunou
n15a%14 Target Configuration d1%SU F28377 Experiment Kit wagldous ey

lulaspaulnsaians
2. MATLAB / SIMULINK 1dulusunsumaulwiansudonlaezunsulangeinu

flendu Simulink lunsadsudenlaszunsy iWemuruuazianlulasroulnsameinszna
2000 Tmaldudananinuuin Embedded Coder G9aziduudon Peripherals #149v84

Tulasmaulnsaians



UNN3
ANsPRnLUULAZUSENaUESNS

3.1Unun

Tuuniashiaueseazidendiuinsquoseniauilusasyadaeunodines uay
2995 Phase Shift Full Bridge DC-DC Wieflazthundaidisauiuuazyiaulunisduinanniny
FIUNIU

3. 260UUsgNo U999
ﬁ'auﬂssnawamaamaﬁﬂama%ma%%uam’lugﬂﬁ3. 1hardIuUTLNauUYIDs

A
)

G ot @ id o
EREBLUB LD

2995ezuanalugUn3.2

T”'}.ﬂ e e '/ ;; [

é

5U#13.1 2995YaRAuNe5Ine3



14

3U#13.2 2933 Phase Shift Full Bridge DC-DC

}

MngUasansasn s dudusenausag il
1.’.1&%‘3‘15&1&1(8005‘[ Converter)
22495 Phase Shift Full Bridge DC-DC
3.29959UkY (Gate Drive Circuit)
4299585 9lWEBe +15 uae 15 Voo
FeswazBunvenasinsaznansolull

3.3N1500NLUULAYEI192935
3.3.1?&%‘1&6&1(8005’[ Converter)

’muiuuaﬁﬂauL'J@%Lma%wﬁmﬁﬁﬁl,ﬁuLmﬁ’uﬁmmaaﬂ Tur9as9gUsznaumIum?
witleathuua 350 uH AriuUsyguun 560 uF lalon wawiBGT tues GT60M303 vy

AINTUDINIIAIFUN3.3



15

350uH

] y

Vin GT60 560UF —— Vout
M303

o ¢ . ¢
JUN3.3 29asyadauasiaainaanuuy
dygruntldlunistvaindagladygyraainlulasreulnsaiaes C2000 F4il
AUDIUNNTEINGT 25 kHz warda1u13aUsUsnIIn1sUataadngle LA NULSIAUAINSHST

msadvdalaggurasdyuvzuaniluzuins.d Un3.suasguns.e

as

JUN3.4 dysnduinavesadndiansinisiatamiitiu 0.1

cal o

5UN3.5 dyanaduinavesaindnadnsinisUaUawingu 0.3

Qs

5UN3.6 dyyrauduinavasaindndnsinisdaUawingu 0.5



16

dnsnsiiuvenssausueieenaziluluaudyuiuduinavesaing e

Hunraduinevesaintiisnnalaledruinlu wisdusuvissnisaiozdaunduiig lae

tv}

SNTIAIUNTVLBYRILTITUA UL DENITUAR S UFUNZ.T

£
o
(4]
o
)
3
)
>

s

5UN3.7 Anuduiusseningnsidnsteeveussunudygaduinavesaing

3
3.3.29%9 Phase Shift Full Bridge DC-DC

2935 Phase Shift Full Bridge DC-DC agvurififiausssiusnuuesniduiioasiu
93Ty wAazinuseruldludnstdaudiuinnit Iaea99s Phase Shift Full Bridge DC-DC a
Usenouluse IBGT wos GT60M303 4 7 vimsinflasuusesuadiainnssuanselsdy
uwseunszuaadu 2 uleuasiivhwiniiuussdulituases 3.uiaslelonfivhminfiudsuns iy

Tindulunsvuanseiidnuuesn daufuussaviliussiudurieenideu dwuanduguinz.s



17

2
A
a
A
s
Vi

A L 1500 Vout

Vin 33 !
u
@ o { =

5U713.8 2995 Phase Shift Full Bridge DC-DC

'
o o =l

dygrauduinanldlunistuaingny 4 47 gnarurulaelulasroulnsaiass
C2000 Fatimuduesaind 25 kHz dyqruaziianuay Qlazlidug uestuiuQ2 way Q39
Ty niinuiuQs leedygynvisaeenguazanunsnusuauauafu o NuaaL T AU

20NYIT Ay 1uazUandlugUN3.9uaz3.10

3U93.9 dyaruduinaaindiiniiusnama 180 oemn

<

§U3.10 dyayrauduinnadndininumiauna 90 a3



18

BRI INTIAUAUUIBBNUBNITIETUBE T UAIUA g oL Tudy g uduing

=3 € s QI e 14 ¢‘—'j Eil 1 s 1
@107 lnggnsINIRNYDIRUAILYIEDNTBINITNDNUUUILLINAGALT ALTRIIEIUVES
wiloulas uazazanlanudngnduinevewEing lagdnsndiuusanisuansvsausiduazuandly

U311

o N G
&, MR S TR © ) RV U R © T S

e
o
)
)
)
o
-
0
>

O
o U —

200
Phaseshift

5UN3.11 Anuduiusseningnsdnsvenevasssnuiudyyiuduinavesaing

3.3.379959UL% (Gate Drive Circuit)

[ @

srunns iU Susssudaaustuiasnszualinnzan wazfunis
wonmdlihsgsrinnsesmuauuazsashds etlestuduamefiasifiniu ann1sdnieesiiu
IMAwardygnTuniy IngegldiunennsninseningeesmIvAl Lag19asiide (Opto
Couple) lodldiues TLP250 FeagvhmihdufuennindseninminsmuaLLaE iy

Tngazianineasluguns.12



19

gﬂﬁ3.12 19959ULAY (Gate Drive Circuit)

3.3.4’;@&]ia§ﬂdlmgm +15 Ua¥- 15V,

asaislAssduiil alvnszuanssnnn +15 way -15 V ilerluldduly
Bosdmiu ledsnedlu 193n9duusedu 29snradunseud uagrsasduinn Tlassadiadeg
3.6 lngmsudasussiuaniiuwn 220 Vo 10U 15.5 V,. ((ansnadsudu) Swnuassynaintiy
dussussnanunGedidunssuanseinuiediénalmons0BLL06G) 9nthuiudh Voltage
Regulator pUsuseiuussrulildusaduuun +15 Va A4 LM7815) way -15 Vy. (A4 LMT7915)
wazviiliussfuiidunseuansaSoulaglddufivdseqaunn 4700uF 25V TindsminvinsiBense
wa uazldsfiuysequunm 470uF 16V idueenieiorlddynimussiuiieubsiu fg
nsnlasuandlugus.14

+15Vdc

15.5Vac LM7815
—— 4700uF —— 470uF
¢ T 25v TV
AC/DC
DBL106G
t 15.5Vac = | 4700uF —L— a70uF =

|

]— 25v LM7915 T 16V
-15vde

$UT13.13 Tassadnosaslnides +15 uay -15 Vdc



31J°7‘i3.14 1995889 +15 way -15 Vdc

20



unina
NANISVNAADY

4.1unin

Tuundariausnanismnassiiléainasesiisnasslulusunsy MATLAB /
SIMULINK Wwagagusdlviinisadisuazesnuuulub oo svieunendimumagsisiuge i 2
1MATINTANFDAARDINU

4.268N159AA999N1UTUNTH MATLAB / SIMULINK
luhdeiiazuanmanisnaassanlusunsy MATLAB / SIMULINK 9849495
f&aaanslnouvadunsvhautendufulasmsiausu iy
d.2.1’;d%1&ﬁ¢7 (Boost Converter)
’Nf\]igas’flﬁu'smaﬁﬁwmiaﬁmxﬁuLmﬁu Intihaueenligeninauseiulnn
Fauandn Tunsufoddenviudasnisaersussdulnialiiu 4w Kadvindasasi
GRRER 'gaﬂiyaﬁﬁﬁ’lm‘iaamwmml,amag’lugﬂﬁ 4.1

—

U4 13995yadvinsoenwuy

YU

Tunisesnuuuidunisldnasyadiieiuseduussiulagldninuilunis 25
kHz agladyruduinailuduaindvesiasiaedynyimssuandlusui 4.2 uaglurgash

panwuuIsllunsseiuussiuliiusenddiady 400 Tad uargudyyiuusiiuuas
nsghan LY NIkAEIIeeNITLandlugUN 4.3uae3UN 4.4 mudRy



SUuuuuyb gyl

L .
T 1 - 3 ] v

a @ [ o Y =
JUN4.2 dyaaiduinaianudlunisaing 25 kHz

o T L T T T T T
=0t
'!
|;-.-J;
| e MANAAAAAAAA,
JUN4.3 WSWIUUAZNTLUAA WU NLIVBINITYER (TLT97U2001384)
I T T T T T T /g T T
N-l ,
wl
'ﬂJT
1 I 1 1 1 L I I 1

Eﬂﬁd.flLL‘NﬁuLLﬁBﬂ‘iSLLﬁ(;TJ’Tu‘U']?JE]ﬂ'N‘{I‘i"L%ﬁG?

22



25

4.2.22995uUaRunaslWnssuuy Phase Shift Full Bridge DC-DC
a e ] - v & ) ™ a ¢
19958unemesidursasiulas Iihnszuanselimdunszuaadu lnsadenisaind
= L4 s A:Jd -] Qs -7} 6 as s d' 1 n' as [¥]
99E0T 4 §7 NN TVINUduRUSAY IWinszLadduNDanUNAZH LN SIRLLS P UlAg a1 FE
1 = e & ol 6 o w Y7 e < 'Y -
LU Lavk1u9asUsAalsnAlns iwalulauseruaiuvieaniunszuansaniusfuiig

2993M15RaNkULLAASlUgUT 4.5

[l

Senes ALE Beanch

sU#14.5 19959 U asiaanuu

U

° a F 5l Y A a @ v A o o W €
NMI¥UTBRUNBSIwEINoNLUUILSUlNTNNTELER W LR BN AT 4 AINYINITUFURUS
fuwazfimnudlunisaiataviniu 25 kHzlaeddygrduinadungui 4.6

0§

oc

QE

o€

0z

T T LI T

T T 1
Relakersl Opemat

1 ! I L]

JUN4.6 dryayrauduinpaindsa

T8 TE 182 7 8 766 TaY re 79z
10t
C T T S [ T T T T
| Logaal Op st
| =2 | ‘ =]
=3 | =
1 3 | | 1 1 1 1 |
¥ o6 rm 78 8 84 = ) i) e
2 107
T T T T T T
‘ | ‘ Deay!
| e r—— ! L L L - - . -
7ie T TE [ 71 7.0 T8y e 782
10
I T T T T T
. 1
C 1 L I 1 ! 1 1

=1

911 2 3hay 4 auaneu



24

Tunssrasadunisldusssunseiansesnuandndu 100 Tad wsesuduan
sanvnduneinesselisudygaldudsgui 4.7

7o) &

| | | 1 L ] 1 L 1
0 0 02 03 o4 Qs (2 o7 0E 09 1

JUN4.7 WI9PUAUYI08NIINBUNID SRS

NTULILTIFUAIUYIDDNIINDULIDSHADTUHIUMT DU asRdns1vee 1:4
%umﬁuﬁlﬁaaﬂm%L‘f’luﬁsgﬂﬁ 4.8

s [ 1

o
T
1

8
T
J

©
-1
=
o
w
(=]
[
(=]
w
-
[
o
-~
o
m
=
w

5U#14.8 ussuauuieananvdowla

ntuussueananutiantasiidiutasusaasnalng azledulnin
nruansIndsuusuLasnIELaAAIgUN 4.9

00— —

100 = i

il | | | | 1
05 1 3 2 25

SUN4.9 NTTUALAZUSINUAUYIDONDINIIATUSADLINA LS




25

4.2.3 uuviaesilensasiisdesvhanudaniy

Fothfsaenssuinuiulagsefuuuusualuguaiooniasagiisy
rasuandluguiia 10 Wehassinisaesasaunsnvhauiuiuldiaeisdanilmanain
fsaonsaslasmstaussdunasnssuaiioanainiisassnsas Tasnssuauasusduiioanann
199syadaeunamesazuandluguiic 11 uaruseiuLarnsTLARIY180N1N995 Phase
Shift Full Bridge DC-DC 9guansgUia. 12

—9
ke g

oyl
|

JU14.10 wUUT1809MTNUT LAY IIa0e99T



1 1 1 1 | | 1 1 1 1 1
077265 021757 D17575 0.1758 0.17585 0.7759 0Q.759S  0.176 C.17305 0.1761 017615

T T T T T T T T T T T
20 =
15
0k -
5 = -
1 1 ]
017585 01757 0217575 01758 D.17585 01758 0.17595 0.17€ 0.17605 01761 017815
o ) Y ¢ ¢
3‘”71411 LL?QW‘ULL@BH?%LLE‘Iﬂﬂu%?@@ﬂﬂﬂﬁ?ﬂﬁ]iuﬂﬂﬁﬂaunE]LG]@?
L] L L] L] L]
800 4
503 = =
400
300 -
200 -
100 -
I .
A L i L L
0.7 758 01759 01786 0.178" C.1782 01763
T T T T T
5k
u -
5k
-10
A5k 1 1 1 1 1 a
11758 n1759 017€ N1761 17827 N1763

3ﬂﬁ4.12 WIIRUUAENTLUANIUYIBONVBNAT Phase Shift Full Bridge DC-DC



27

4. 3HANINARBITINYANARBITFI19TY
Iuﬁ’ﬁaﬁ%uf}umﬁﬁ’nauamamwmaawmqmmmamﬁaanL,Lwa"fwﬁudw

a1unsnviausindulaeis uagneaeuauatunsnvesgnae i ndulunuvgul wasidl

UseAnsamlunisyiauedsls

4.3.19435yan(Boost Converter)
r99syadrauneieslunsfidesararunsoifinusediuldniungui

TuthswesdnsnsiUstinaindi 0 fis 0.65 nisantuuswivszanas@iliilulumumgul e

a0 ]

LanelsIiuY1eenlugung. 13 Tasusssuduandrdanvadu 150 Taad wazluises
UseAnSnmeeaisasyadneuiesineinaiisuiuasiiFsedn samegludisiovas 90
lneaeiiuseansn1nanaedilesns N1siUnlnvasdlngilanInTu LazaLanadilon9saniy

° & = oA 1Y a A = W aa Ao a a
mawnnTulagazuandluzung. 14 GEmdedldnidalaaindvinhiuo.l &dedsnsUale

ARUNNU0.3 khardunslionsinsilalaadadwinuo.5)

JUN4.13 AU TEVI ML TIRUAULIRONVBINATYRANUBRTIN1IUAUna N



28

iciency

——
e
LY

800

L3

JUN4.14 aruduiusseninusrdninmiviaandnsnisitaUnadndieneu

4.3.2739395 Phase Shift Full Bridge DC-DC

2433 Phase Shift Full Bridge DC-DC TumsUfjiAase azanunsniinusaduldniu
nuilasazifingsgaiicnudrsavesdyaraduinaiyuyiniy 180 esn uazazdosgnd
AUAarDId sy adunAdyIniU 0 990 muguﬁa.ls Tuduwaslszansninans
eTerdldnegludisiauay 80 Lazazanasiiosasiinisaseie fidanniy Imamammmgu{f’i
4.16(@UNanILanInUAINEYaIF Y Y IYNAY 90 99A7 ALMADILAAIAIIUANILHEYDY

AU 135 D9AT WATALAILAAIAIIUFIAWATRIFYRYIUYINAY 180 B9AN)



100
Phaseshift

Ll

>
v
c
-
-

Eff

4' ar o & i a a o o a ql. 1 i 1 o
31]1/]4.16 ANUANNUTTE I NUTZANTNINAUMAINAINUATLNEIAIRNNY

4.3 3HATDIMNEITIENG 11 ULAD TR

wisendsnunatenfindavanunsoadnsidsluinldtuduegfudamanny
Wnveawatluusiasyieaan lngamdweuwnasnendanusaduudaztiiaasianddugy
7817




30

12 14
Clock Time

o v o & i o w i 9 a ¢ ' v 1 o
3“‘“4.17 ﬂ?quaNWUﬁigwqqﬂﬂqaﬁmLLWaﬂ’ﬂ']EJWﬁ@@WULLa&EﬂWWEl?ﬂlniﬂ’]Ul@ﬂU“U'JQL'Jﬂ’]aLu‘WUQ
T

Lﬁ'm%amiawm'mLmémawé‘wuummﬁméﬁmwmaﬁﬂauna%ma% Tae
Tuduiazuvsnnsfunanisnaaasugaiunisal 2 Arwsspnudunainafiuiie3a w/m?
wag 870 w/m2Iﬂﬂﬁﬂﬂﬂ'ﬁt,ﬁuﬁmvty,ﬂmé’mwmiLTJﬁTJ@a?m%%ummﬁwﬁuuﬁaﬁ'uﬁnmaLmﬁu
WagNITLAvUI88N

INHaNIIAaRTleIYNsad1ens e LduTUS ST s s U 0N
fuusedu temmdsgeaniiundssrendsuuasoniingduannsndield Tnefiaraduuas
634 w/m? ﬁ}SLLﬁﬂdIugﬂﬁfl.18LLa3°7iﬂ11NL°fJJHLLﬁQ 870 w/m? %Ll,amlugﬂﬁa.w LaEnNIg
Wisuileussminsaesanuiduazuandlugzuiia. 20

Dut y

@ @ =

5U4.18 Anwduiussyninamawnuuesnivdygiaduaiadianudiuas 634 w/m?



sl

i s -7 U o a ¥ o a =3 A £
5UN4.19 anuduiussenitmasinuueeniudyyuduaindiinnuiuas 870 w/m?

JUN4.20 mnuduiussevinmasiuueeniudygyadvaindianuidinas 634 w/m?’
wav870 w/m’

4.3.4WRas9N8Na 1 UAY

LVASTIE NI UL AN SaNARNS I ULAE dsieidelAT AT uRg iU
aruisadluidavina lunuiildlunsmesessslinnudadluisssiiauandusy
fia.21



32

(=]
]
i
%
=%
4
!
a
f
{
i

= T o T TR PR T T A T AT A T W) R T S PR ST T AT T
N~ nmomMmMhrd T0O0NOUOYT ON VO TONOLWOTOOANWOST ONWWWO SO0 O
o mmnw minin oo o s ol minmn s xininin oo vl s N | S th
oM ununwioliMmMunNOSNDOCOO SN MMTWNONOOD S0 MTNOD~NORO A 000
L NSNS YL NNANNNMNG OGN0 0NN SYSS Sy Y in inin th
TS T TEFTnNunununnononununununununununnununununuununmunnunuwnnwmun wmnwnwmn
A A A A A A A A A A A A AN A A A A A A A A A A A A A A A A A A A A

o @ W € ' < as ]
3‘!]1/14.21 ANUAUWUTIEWINAIULIIDHNUYINIAN

4.47159AADINTN19ILIINALVDIED 92935
Tutetiazifunsmnanidensasfiadradunsassiuurasinglao g agne
wé’ammmamﬁméﬁamﬁaﬁmwagas‘iﬂaumaﬂma% WA NS 1 uaL R NA DR U2993
Phase Shift Full Bridge DC-DC a1ntiudensoduuioanisasisasidrodvuuiiodanie
Mdsluilvanfofozifiuausssulagnssuafionnainianaes Tasazudadu 3 nsdl 1.
NIRILUAIDINNEIULFIDINATTAIRININTIUNBITUNAIIUAY 2. NTHUNAITIENES
waseiindilimdiosniuvasendunuan 3.nselunasnersdedimadlndife et
4.3 1LUAINENA1ULEDRRIL SN LKA ENA 1 UAL
dloundsgnendinunaefindilimdunniiuma g endsuay 199595
mMafisusulrivualndifssduiionaid1sauiu nsruailnasiniesuesunaeng ey
Lasefindasiidnunnniinssuafilnaainieasuesunadtendeiuay Hedesunasiuas
anunsaviusmiilfuagdsdomdslusilnanldfiaonsamisutuuiinniosiuog sy
AR INILAL FUFU Y IUYBILT UL LN TEUAA U DBNTYDILVAITIENS 1WA INE
dvuansluzue 22 wisauanasuansluguiia.23 uasussfuilnanazuandluguiia 24(d
WRDILARIDILSIAY AV uanIDensELd 1V=1A)



RIGOL STOP

Lrmsill= 8

MIBEY 56.8U  CHZ-

RIGOL

gﬂﬁ4.23 LSIAULLAE NS Y LAVDILWAITIUNA UL

33



34

Time 5.8680ms

Ufia.24 usssuilvan

Sall

s W

4.3, 2uAa93NENAIULEID I NRIUNAILBENIUUAITIINAIIT WA

SlounasdnendsuLaindfimaooniumna e nasuaN 299T0syn1 SRSl
funlndissiuiiosedisiuty nssuanilnaainiasve e endsuLasofingd sl
AntiounsELaTMaTIMITYeIUME T IE WS IIUAY TeED AT B EENs YAl
LLaza'm'qaﬁné’alﬂé’aiwamlﬁﬁg\‘lammﬁw%'amﬁ’mwimﬁﬁaﬂ?jyuae_jﬁuﬁﬂﬁqéfmmm%’ﬂmgu
é%’gy,ayﬂmaums“w’uLLazﬂ33Lgaﬁmﬁuwaaﬁﬁuml,ma'adwawﬁamuuaamﬁmé%LLam’LugUﬁ4.25
wé’wmammmmiugﬂﬁﬂ.Zé LLammﬁuﬁIwamasuamﬂugﬂﬁdﬂ (Adosuandausoy 3

Auananansend 1V=1A)



Urm=ill= 29.8U

CH1=

5@ .61

Time 26.88us bHE.0860s

3Uﬁ4.26 USIAULAZNTZUATDINAIINYNANUAL

35



36

Urms(l)= 87 .8U

MEFEEE 546 .61 Time 58.08us ©

5UT4.27 usesuiilvan

Y

4.3 2umassneiaaesiimatlndldsaiu
omdmisdnundsnuaefinddalndifesiuiidmisinungsanuay
TTaesarUSusERuLs Ul aunalndifseiu nsvuailuasanainisasvdsiiouis
TndApaiunara L savinauIunuls 1ne199590nasangnasuLasafindasdl Ansyus
11NNINENTaEFUA YL 1MUY TINULAENTEUARUYI0DNYBIUMAI T BNG LA Tinday

wandluguing. 28 wasnuauazuanslugung.29 uazussiuilnanazuansluguia.30 @wdes
WaRdDausInY Evuanatianseua 1V=1A)

24 .8u

e

Urmsill= 77.2V




Urmsill= 36, 1U

CH1= 35@.8U L H 2 .80l Time 3.6888ms 05 .c8Eus

v

Urms(ll= 78.8U
[HEFEE 56 .6 ime | ’ @ . BEEEs
sUN4.30 Ls4nuiilvian

U




N5
uniansaliazesy

5.1UuNn39150

Tasseuilgvinisanwvdnnisuarnisviieuresssuunisitasunlaings
LauNATISE I adLaseinduazndsuanlagldsasudstiumdslnnge delsiisasaunas
nvnuduiuls lneaiugumelulaseeulnsaaes C2000 Delfino F28377S a¥1adtyayousn
Fueindlursasulsiurdaians ngldvhnsmeassiulnandfuniy wefiasinda o
LS UL EN S S WA R L 00N Y0909 BIRansTeaosnoud uluiiv fRaneleddinalun g
UjiRaenadesiunisdrassiieanuuulilulusunsy MATLAB / SIMULINK fufeasasusiu
MdsassaasasoiuLaransndeerguasuiule

5.2unasy

3INNIFANINGNNITTINUTD IR TWUSHUMATlWRT LUV YAdLagILUY Phase
Shift Full Bridge DC-DC uaglda¥1asasiuuniiteviinisvaasssdodsiufuiedulnanainy
Funu Tasarderasyadidifunvassnouasenfingfilsefunsadufiuinit wagaaes Phase
Shift Full Bridge DC-DC fluunasgiendsuaufidusasuaidosnit etsnsediimiuugs
Tuiinnaesledyausiiunaznsvua Tnefnvanaiusnagansaagulassd

1 Masadesassariunssuielfus wusdedlvunalndifsstutazsaidi
sanula

1 e Y

2 1ATVansEusndsnemasiugluanlalag azundsedustfumawmieniy

U
o

funaveILiazUNAIInY fussTedmdminfzdineiidslaunn duvassneiimdaissfazds
NYANa9 ALY

3.2993yananInIniuLssfuieivenIganiiidegeanvoundsinondsanu
waapfindla

53U vuasdarauaiuy

Yaymiiatulunisvinlassnisd Sdefunarediu fanimguiuasns foa
Tnoduduludiuvesyninisfiursasarveny azdedldinainisnuinisiiaues
lulasnoulnsanasegwoauns wazgdnridilidesliarmianudiugduiunin
TAgLan1EN15YINUYIEIATUR 99T WUTHUAIA MUY Phase Shift Full Bridge DC-DC W @ 6
Tivihaulsieenagnses

souAedgmiesaniauas ifiavilidestimudiunaingunsaliisdeanis
sodldlediuaiorlsussianlvu aasidaniindawinlys 2sasaeluluegials vilddesinnig

Wnlalusgunsaliliuszeviiavile



39

soFetiymiFeseniaugg dnssfieanuuuiduenaliliiulumumguiiovun
silknisadreiinsfulsudBsuntamaseds lnsangsasindsiideddgunsallunisaind
$ruruann eRanwatauagiinaudome ilideudsinaiuagaildanslunisuiulse
WasuuUasrosdnegs

Jaymdeaniiefiedosuosundsiisiaindsnuatuasndsnuiasorfingfiide
AAAIUNITYULAUAYI IR B9 UK LA HUNTVAABINDALADT



LONEI5D1989
(1] seesdawes duiuBilnnselindinde(Power Electronics) fitsinssfi1a,
Ay AT FsuduEin 31 WiuRe, 2557
(2] Mrs. Ramalaksh T. and Mrs. Jerril Gilda S.,Grid Connected PV/Wind Hybrid
system with Improve Power Quality
(3] Nadia Smith and Roy McCann, Analysis and simulation of multiple input
interleaved boost converter

for renewable energy application

a0



ATANUIN



ANAKNUIN N
UNAITNIYINIS



a3

. (%) d a d o
ﬁzu‘umnﬂﬁﬂu‘wmamwauw’mmz‘n’inwaaumamﬂmmzwndamnu

Taglirsasmlasiumailingg

Hybrid PV and Wind Energy Conversion using DC-DC Converter

< <
58 uaagns eigna maiv aigada IEUOAK uaZEUAIAS TNEI0

= = = d e a ¥ £
ﬂ]ﬂ?’#1?ﬁ3ﬂ‘§iﬂ1ﬂ'ﬂ1 AUSIFINTINIAAT ﬁamumn‘[uiaﬂmzaaummmmmﬂmsmﬂﬂ‘sxm

AUUANDINGI HUMMNMANTEDA 1UARIANSE D AFUNHUTIUAT 10520 IYI‘S;‘I%‘HQ’HOZTS‘)NTB Email.mostanamit7@ gmail.com

unfinta
a s ¥ v o4 & a S A A
Wyainusi ldpniaiuTasiaalszemniiono
IFOUADTLH A IWWAIIUNAUNY ADUNIAAND
o A o A o o §oocy @
WAt Rnduaznd s uang i unvaane 1y
awsomauiwsuld  Tasldesnlasiumaalilasa
A qw o ) At YA o YA o
Mo hinsaduueanaaeaansin Indifesnuudavaium
. ¥ ' ik
yumusuie liareanianeiauiuiu 1 Taols
wsvmomaa lasanyadunz9s  phase shift full
r ; o od G y
bridge NAMUD UM ATATN 25 KHz Taoadadildluss
o o -~ o
a04219959211 )1 1GBT-Diode manuny Taolddnymyia
aunuTavluasaenTnsamas €2000 Delfilo F283778
A A V w B Vo o v n ¥
ioreuaonunarasansaaaiiaa 11w Tnaa 16

@

- R
Tasanuunmissagimaufnvem oy

Abstract

This project is created for connect two different
renewable sources, photovoltaic and wind, by DC rectifier
Voltage of both circuits will be closely then parallel them.
We use DC boost converter and phase shift full bridge circuit
which has 25 KHz switching frequency.Switch which we use
in both circuits is IGBT and controll them by frequency
controll from C2000 Delfilo F28377S.When connected both
circuits can transfer power to load that efficacy depend on

primary power.
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Hybrid PV and Wind Energy Conversion Using
DC-DC Converter

Jakkrawal sangrit, Nuttapon kanvicha, Natlapat Wattanavekin Thanamit phowor and Wijit Kinnares

- Abstract

This project is created for connect two different renewable
sources, photovoltaic and wind, by DC rectifier .Voltage of
both circuits will be closely then parallel them. We use DC
boost converter and phase shift full bridge circuit which has
25 KHz switching frequency.Switch which we use in both
circuits is IGBT and controll them by frequency controll
from C2000 Delfilo F28377S.When connected both circuits
can transfer power to load that efficacy depend on primary

power.
Introduction

Because of greenhouse effect and problem of energy, the
development of renewable energy source is becoming more
and more attractive for decreasing the problem. Each
renewable energy has different advantage. In this project
we choose photovoltaic and wind to work together in order
to reduce disadvantage. We create boost circuit for boost
voltage, when they have closely voltage we bring connect
both circuit in parallelL

Methodelogy

+ Study and Design about Boost converter circuit and
Phase shift bridge converter

+ Simulate in Matlab and Simulink

* Record the result

Results
AR W

There are 3 cases
1.When Photovoltaic generates power more than Wind.

Voltage at load
“'Ilen Wi md generates power more than Photovoltaic.

Voltage at load
3, When Photovoltaic generates power as much as Wind.

Wind Voltage at load

nmz-‘ullmvgnphuvuhzgt
-Bluegraphiscurrent (1 V=14)

~ Conclusion
L T

Both sources can work together. Each source generates different
power depend on time. When both sources work together, they
can generate current to load depend on efficacy of sources.
Which has more power than another so it will generate more
current. It can have few power loss in boost circuit because it
has loss on device.
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Current Transducer LA 55-P

For the efectronic measwrement of cuments - DC, AC, puisad. _,
with 3 galvanic isolation between the primary clrcult (high power)

and the sacondary circult (gdectronic clroult).

Electrical data

L Primary nomina r.m.s. curent =0 A
B Primary curment, measunng range a.x70 A
R, Meazuring resiziance @ T,=T0'C| T,=85C
Byt Ry [Fue R
wih £ 12V @=s0A_, 10 100|608 25 0
Q=TOA_, 10 50 | 6" 80" Q
wWEh: 15V @=s0A S0 160|135 1585 0
£TOHA €0 90 |[135?135” 0
(1 Secondary nominal r.m.s Cument sa mA
K, Corwersion ratio 1:1000
Ve Eupply wologe (x5 %) =12..18 v
L Current consumption 103 215V)+l, mA
v, Rmis. voRage for AC isoigtion kot SO0 Hz, 1 mn 25 EV
| Accuracy - Dynamic parformance data
X Accuracy @1, . T, =35°C Qz15Viz5%) =065 %
@12 15Wiz5%) =050 L]
- Linearty <015 ]
™ | Max
1, Offset corert | =0, T, = 25°C x02 mA
Residual curment ) | =0, afleran overicad of 3x 1 03 mA
I Thermal drift of I, C_+MC (201|005 mA
-25°C _+B5"C | =z01 |05 mA
t, Reaction trme @ 10% oL, < 500 ns
t Rezponse bre @ 0% of |, <1 ps
dikt  didt sccurately Tolowed > 200 Az
f Fregquency bandwiath |- 1 =) DC . 200 Kz
Gensral data ]
Ta Ambilent opsratng IeTpersiune ~25.+85 ‘c
Ts Amblent shorage Empensre -40 . +90 “c
R, Secondary ooll resistance @ T,=70C &0 Q
T,=88"C &5 0
m Mass 18 g
Etandards * EN 50178

51

I, = B50A

Featuras

o Clezad loop (compensated) current
fransducer using the Hall effect

¢ Frinted drcul boxrd mouriing

* irsulsbed plasSic cxse recogniz=d
according 1o UL 5340,

Advantages

» Excelent accuracy

» Very good |insarity

» Low Emperature drift

» Optimized response Eme

* ‘Wide fregquency bandwidh

* No Insertion lozzes

» Hgh Immuniy b exsemal
Inberfarence

» Current overioad capabilty

Applications

* AC warisbie spead drives and senvo
muobor drives

* Shatic converiers for DT motor dives

* Sathery suppled appiicatons

* Uninterruptibée Power Supplies
(UP3)

* Switched Mode Power Suppiies
(EMPE)

» Fower supples for weiding
applicatons.



Dimensions LA 55-P inrme 4 mm = 0.0332 nch)

Bottom view
L #
s
- 12.7 -
. f -
o
LEM®™ | A55-p
c e awlsa B
|
made
- o
7 | M—o00000 + | =
_;_ 1 l l
HANNIEE
(=]
- S08 27286 -
- s NN
N
Standard 00 Year Week
or N85
Front view
Mechanical characterisgtics
s General folerance = 0.2 mm
= Frimary through-oie 127 x T mm
» Fastening & connecton of secondary 3 pins

Recommended FCB hale

0.63 x O.55mm
0.3 mm
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Laft view

lgss].7s
~

-] A ei=53

Secondary terminals

Terminal + - supply voltage <12 .. 15V
Terminal - supply voltape - 12.. 15V
Termina M - measure

Connection

Remarks

® |, Is posEve whan |, fiows In the drection of the amow.

s Temparapares of e primary conductor should not exceed
30%C.

» Dynamic performances (didt and rezponse time) are best
wih a singie bar compiztedy Tiing the primary hole.

& |n grder by achiewe the best magnetic couping, the prirary
windings hiave ho be wound over the top edge of the device.

* This |5 a standord model. For different wersions (supply
voitages, tums rafes, unidrectional measurements...),
pleasa contact us.
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« WIDE COMMON-MODE (UFP TO VCC+E' AND
DIFFERENIIAL VOL TAGE RANGE

=« LOW INPUT BIAS AND OFFSET CURRENT

« OUTPUT SHORT-CIRCUIT PROTECTION

= HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

« INTERNAL FREQUENCY COMPENSATION

= LATCH UP FREE OFPERATION

= HIGH SLEW RATE : 18Vius (typ)

DESCRIPTION

The TLOS4, TLOB4A and TLO4B are high speed
J=FET input quad operational ampifiers incomporating
well matched, high voltage J-FET and bipolar transis-
tors n a monolithic integrated crcut.

The devices feature high slew rates, low nputbiasand
offsetcurrents, and low offset voltage temperature
coefficient.

PIN CONNECTIONS (top view)

-

D
DIP14 5014
(Plastic Package) (Plastc Micropackage)

-

P
TSS0P14
{Thin Shrink Small Qutiine Package)

ORDER CODES

Temperature Package
Part Number %ﬁ;

N|[D
TLOG4M/AMBM =-55°C, +125°C o | o |
TLOB41/ALBI —40°C, +105°C .| e
TLO84C/ACBC 0°C, +70°C =] .

Examples : TLOS4CN, TLOB4CD

Ouput 1 1 []

Vert 4[]
CH~
-
Output2 7 []

Inverting Input 1 2 [H™_ ”q‘
Non-rwertng Input 1 3 [+

14 Output 4
13 Inverting input 4

12 Non-inwerting input 4
M er-

7
S o I | L}LJ

8 Output3
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SCHEMATIC DIAGRAM (each amplifier)

t
Veo o [ !
1
]
™~ 1 ! l
I ——
MNon- Irurertln% i: 1 1 | !:
Invert] g | :}—*
™ot [ [“ _l" | -
‘ [;10 20042
i =] [C outpu
B %muﬂ
L 3ok |
% |
l |+
e PR | [ 3
| ‘
<l 1 | o
[ |
{ | l
Sy r.-"' o —
} 8.2k
s e b X
[ M 1
1.3k a5k U | 1.3 35k Emnn
Voo | . - i . - 4 '
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Ve | Suppiy Voitage -fnote 1) : 18 S
Vi | input Voitage - (note 3) 18 v
Vs | Differential Input Voitage - (note 2) +30 v
Pia | Power Dssipation GED i
Qutput Short-circuit Duration - (note 4) infinite
T, Operating Free Air Temperature Range TLOB4C AC BC Dto70 ¥
s - TLOS41.AlLBI —40 to 105
TLOS4AM, AM BM -55 to 125
Tu; | Storage Temperature Range -5 to 150 b+
Hotes : 1va

Detaeen Vee' andVee™.

The magitie & me
R

respest o e Invsting nput e

€ P o
s e 1t et o P i

ewﬁmm - wih resped 1 the 2ero r=ference leve! (gund of e supply vofiages whers he

o 15 vols, whichever |5 less.
must be imited o ensure that the
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ELECTRICAL CHARACTERISTICS

Vo = £15V, Tam = 25°C (unless otherwise specified)

|
Symbol | Parameter m&ﬂlﬂﬂ - lLlJi ,w ) © Unit
[ Min. | Typ. | Max. | Min. | Typ. | Max. |
Ve |In Oﬁsa\fdtagerﬁs 500 T v
* P e = 05" ! ios 1| 1w 3 | 10
TLOS4A 3 ]
| TLO3MB 1 3 ‘
Tt € Tart S Tt TLOG4 13 13
TLOMA 7
. TLOR4E 5
DV | InputOfiset Voltage Drit 1 10 pvrc
ko Input Offset Current *
| Tame =25°C 5 | 100 5 | 00 pA
: T = Tarts S Tomx 4 - n&
Y | Input Bias Current *
: ae = 20 | 200 0 | 400 pA
Trin < Tamd < Tenax 2 20 | nA
Au Sngial‘v'dtage Gan (R, = 2k, Vo = +10V) Wiy
T = { o 50 | 200 2% | 200
| Toin T-mh £ Tooax 25 15
SVR | Sl.pplyV Rejection Ratio (Rg = 502) dB
. 80 | a8 70| e8
| min > mrt 5 m 20 m
Curent no Load ma
Lpgy g 14 | 25 14 | 25
Town < T.,..., < Vi 25 25
Ven | Input Common Mode Votage Rang 11 [ 41 1| 415 v
CMR Con'rrm Mode Rejection Ratio (Re = 500) dB
Tume = 25°C aa as 7a a3
| Town = Tamd = Torme a0 0
it Current mA
% i~ 10| 40| e | 10| 40| a0
Ton = Tamt = Tome wo) |ejw) 16
t‘-’m V Swmg v
ame = 20°C R .= 2k 10 12 10 12
. R, = 10k2 12 | 125 12 | 135 :
T < Tamb < Teme RL= 2kQ 10 10 |
| R = 10k 12 12 |
SR SlewRate (Vi, = 10V, Ry = 2k, C, = 100pF, | Vs
Tars = 25°C, unity gan) B 18 8 18 |
t | Rise Time (o = 20mV, R, = 2k, C, = 100pF, | ps
| Tamy = 25°C, unity gam) o1 01 '
Kew | Overshoot (Vi = 20mV, R, = 2k, C. = 100pF. [ =%
| Tams = 2 unity gam) 10 10 |
G8F 'Gansandmmnoma(f=1m | MHz
Tamb = 25°C, Vie = 10mV. R, = 2kQ. C_ = 100pF) | 25 | 4 25| 4
R InputResstance AR we| | o
THD | Total Harmenic Distortion (f = 1kiz, A, = 20dB. %
| R =20, C, = 100pF. T = 25°C, Vo = 2Vpe) o 001 |
Equwvalent Input Noise Voltage [ v
e, (f- 1“‘1&- 1000 ’ 15 15 | \THZ
@m | Phase Margin 45 45 | Degrees
| WiV | Channel Separation (A, = 100) 120 120 | dB

*The InguE ble cuments are Jundlion ISKage CUTENS Which ppraATtaly dolbie for every 10°C Increase In e |uncion temperaure.
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INPUT BIAS CURRENT VERSUS
FREE AIR TEMPERATURE
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COMMON MODE REJIFCTION RATIO
VERSUS FREE AIR TEMPERATURE

gs : j
5 R =10x0 |

8-,
2 Vo= T15V l:
3 g T v
1 | | |
g8 T |

|

§§ o5 i
3 i :
§ i

g3 . L :
Z 95 =0 25 0 B 51 TS W0 125
b1

OUTPUT VOLTAGE VERSUS
ELAPSED TIME

28 - -
24 | l ] !
oo | |
5 |
£ Vi ,
§ 1€ 4 -
5 on
E ) b| I\-‘{C-wsv
et ’
B {r,-20
1 | |
3 B r :Tﬂ -e25C
K |
-4 ! i 1 1
0 ot gz 03 ps 05 05 a7

TIME ( [z}

VOLTAGE FOLLOWER L ARGE SIGNAL
PULSE RESPONSE

I
£ 11\
NIV, A

/ V= £13V |
/ R =210 \!
C,=100pF }
T

0 05 1 15 2 25 3 35
TIME (p3)

b

e

&

INPUT AND OUTPUT VOLTAGES
v

EQUIVALENT INPUT NOISE VOLTAGE
VERSUS FREQUENCY

T BULRRLL
L L L | vee - s
. Sﬂl |; : ! A, -0
§-§ =) —T T Rg =10
k2 - \ LU Tom =+35C
[ 1T i
$: w.‘.\ il t
5-‘5 N, |
= | 1l S ! |
§9 10 1 T T ‘ il
L1 | | | 1l
2

TOTAL HARMONIC DISTORTION VERSUS

FREQUENCY

1 :
. = Vg TR S
§ B L amean A
8 a1 | Ve iey :
E ; oo Ti"‘.-‘ | g ! nEs
g* ! BRI I 1
g am cafticbi b
? oo i {,
b

Lr =3 4k 10

£9



PACKAGE MECHANICAL DATA

14 PINS - PLASTIC DIP

s
U - b1
b B
z E
— o3 z
™~
D
N o A e e N
“ [
'S
1 7
I G O NN A O [
Di . Millimeters Inches
o Min. Typ- Max. Mn | Ty Max
at a5t 0.020
£ 130 165 0.055 0.085
b 05 0020
b1 025 o010
D , 20 0787
E 85 0336
e 254 . 0000
€3 1524 | Tneno
F 7.1 | 0.280
i 1 0.201
L a3 0.130
z 127 254 0.050 0.100
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BL
® Bl & oL
|
|| 25506 5] | 23;55'78203
245(8 2] (7 24)
Features . P
4 UL Recognized Flle # E-326554 - - i
% (zass passivated junction - P
< ideal %o printed cireurt board
< Redabie low cost construction utiizing molded 0212 6 335(8.51)
1020260} EEE LM -
plastc technique weGA 32008 12)
+ High temperature soldering guarant2ed: T IR}2 a3) |
2607/ 10 seconds at Sibs., (2.3kg) tension t == 5127 ; T
<  High surge current capablity l el (" :
% Green compound Wi U "G" 0N packing Y Al | b 1 ;
code & prefix "G” on datecode i) 18514 ) i 1
D230 58) L Tq"'f:J— - 180[3.81) L .a60Eo) |
piainas)  THRE ) viaaay O
055139 ,'Lj;};;g
Mechanical Data Dimensions in inches and (millimeters)
< Case: Mokded plastic body Marking Diagram
4 Teminals: Pure tin plated, lead free. solderable DELIOXG - Specific Device Code
per MIL-STD-202, Method 203 o G = Green Compound
< Weight 0.37 grams o Y = Year
v = Work Week
Maximum Ratings and Electrical Characteristics
Rating 3t 25 T amblent lemperature unless oMenwse spaciied.
Single phase, half wave, 60 Hz, resistive or Inductive load.
For capacitve loag, derate cumrent by 20%
DBL | DBL | DBL | DBL | DBL | DBL | DBL
Type Number Symboll 1516 | 1026 | 1036 | 104G | 1056 | 108G | 107 | Y
Maxdmum Repettve Peak Reverse Votage Vanw | S50 | 100 | 200 | 400 | 600 | 800 [ 1000| W
Madmum RMS Voliage Vaws | 35 | 70 | 10| 2 | 40| 5 | 7m0 v
Maximum DC Blocking Voitage Vee | 50 | 100 | 200 | 400 [ 600 | 800 [ 00O WV
Maximum Average Forward Rectifled Cument @ Tu=40% | lruy 1 A
Peak Forward SUMge CUMent, 5.3 s Single Har Sine i P 5 F
wave Supenmposed on Rated Load (JEDEC method) i
Maxdmum Instantaneous Forward Vortage (Note 1) v v
@1.04 ¥ 11
Maximum DC Reverse Curment ar,=257 . 10 okl
& Rated DC Block Voitage @T,~1251 B 500
Typical Juncion Capadiiance q 25 pF
Typical Therma Reslstance (Note 2) 2‘; ':g “ow
Operating Temperawure Rangs T, -551t0 + 150 og
Siorage Temperaturs Rangs Tara -55t0+ 150 °c

Notes 1; Pulse Test with PYW=300 Usec, 1% Duty Cycle

Notes  Thermal Resistance from Junction to Ambient and from Junction % Lead Mounted On P.C.E.

Wi 0.2° x 0.27Smm x Smm) Copper Pags.
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3 2 TYPCAL REVERSE CHARACTERISTICS
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FEATURES

® 100% TESTED FOR HIGH-VOLTAGE
BREAKDOWN

® RATED 1500Vrms

® HIGH IMR: 140dD at G0Hz

® 0.010% max NONLINEARITY

® BIPOLAR OPERATION: Vo= 10V

® DIP-16 AND S0-28

® EASE OF USE: Fixed Unity Gain Configuration
® =4.5V to =18V SUPPLY RANGE

DESCRIPTION

The I1SO124 is a precision isolation amplifier incorporating a
novel duty cycle modulation-demodulation technique. The
signal is transmitted digitally across a 2pF differential capaci-
tive bamer. With digital modulation, the barrier characteris-
tics do not affect signal integrity, resulting in excellent reliabil-
ity and good high-frequency transient immunity across the
barrier. Both barrier capacitors are imbedded in the plastic
body of the package.

The IS0124 is easy to use. No external components are
required for operation. The key specifications are 0.010%
max nonlineanty, 50kHz signal bandwidth, and 200puVi"C
Veg drit. A power supply range of 4.5V to 18V and
guiescent cumrents of +5.0mA on V,, and +5.5mA on Vg,
make these amplifiers ideal for a wide range of applications

The ISO124 is available in DIP-16 and S0-28 plastic surface
mount packages.

65

APPLICATIONS

® INDUSTRIAL PROCESS CONTROL:
Transducer Isolator, Isolator for Thermo-
couples, RTDs, Pressure Bridges, and
Flow Meters, 4-20mA Loop Isolation

® GROUND LOOP ELIMINATION
® MOTOR AND SCR CONTROL

® POWER MONITORING

® PC-BASED DATA ACQUISITION
® TEST EQUIPMENT

Vi Vour




ABSOLUTE MAXIMUM RATINGS™

Supply Vortage

" R 100V
Continucus |soiation Voliage . 1500vmms
Junclion Temperabure _. +150°C
Storage Temperature ... P
Cutput Short to Common

NOTE: (1) Siresses above Mese ratings may cause pemmanent damage.
Exposure o 3bsolube maximum conditions for extanded periods may degrade
device refaoiity.

PACKAGE/ORDERING INFORMATION(
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$ ELECTROSTATIC
(A DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Texas Instru-
ments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handiing
and installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may be
more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

SPECIFIED
PACKAGE TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE-LEAD DESIGNATOR RANGE MARKING NUMBER MEDIA, QUANTITY
1IS0124P Plasic DIP-16 NVF =-25°C to +85°C 1S0124P 1501247 Ralls, S0
1501220 Plastic SO-28 DVA —-25°C to +85°C 1501240 1501240 Ralls, 28
" . = . 1501240 IZ01281K Tape and Reed, 1000

NOTE: (1) For the most currant package and ondering infornation, see the Package Cplion Adgendum at the end of this document, or see the T1 websie at

www.il.com.

PIN CONFIGURATIONS

Top View DiP

[
w2

Vo E E Ve
Gnd 2 E E +V,

Top View s0

Vg Eo m Gna 1
Vaur E Vg
Grd 2 E N
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ELECTRICAL CHARACTERISTICS

ALT, = +25°C Vg, = Vs = +15V, and R_ = 2K62, uniess otheraise noted.

50124P, U
PARAMETER CONDITIONS MIN TYP MAX UNITS
ISOLATION
Rated Voltage continuous ac 60Hz 1500 vac
100% Tast 1s, Spc PD 2400 vac
Isoiation Miods Rejection 80Hz 140 as
Eamier Impadance 104 2 QfpF
Leakage Curmrent at 60Hz Vo = 240Vms 0.18 0.5 HAIMS
GAIN Vo = t10V
Nominal Gain 1 viv
Gain Emor 1005 10.50 %FSR
Galn vs Temperature +10 ppm~C
Nonlingarty™ =0.005 +0.010 %FSR
INPUT OFFSET VOLTAGE
Inital Offsat 20 50 mv
vs Temperature 1200 ENEC
v& Supply 12 mviv
Noise B uVAHAZ
INPUT
Voiiage Rangs =10 125 v
Reslistance 200 (8]
OUTPUT
Voitage Range =10 $12.5 v
Current Drive 15 +15 mA
Capacitive Load Drive 0.1 wF
Ripple Voltage!® 20 mvVp-p
FREQUENCY RESPONSE
Small-Signal Bandwidth g0 kHz
Slew Rate 2 Vius
Seftiing Time V, =10V
0.1% sa 713
0.01% ash us
Overload Recovery Time 150 HE
POWER SUPPLIES
Rated Voltage 15 \
Voitage Rangs 45 +18 v
Quiescent Cument: V,, 5.0 174 mA
Vi 5.5 170 mA
TEMPERATURE RANGE
Specification 25 +85 o
Operating -25 +85 C
Storage -40 #1285 G
Themal Registance, i 100 “CW
. b2 €5 “CW

NOTES: (1) Tested at 1.6 X rated, fal on SpC partial dlscharge. (2) Nonlineartly is the paak deviation of the output voltage from the best-Nt straight line. It Is expressed
as the ratio of deviation to FSR. (3) Ripple fraquency Is at camer frequency (S00kHZ).



TYPICAL CHARACTERISTICS

AL T, = +25°C, and V, = $15V, uniess ctherwise noted

RESPONZE CINE REZPONZE

SINE

2 Y
A 7
2 !
5
g B
o o
- 00 1000 o it
Time (us
STEP RESPONZE STEF REZPONZE
= e _ -0
= b
;
- S .... 2 o
3 | -
=8 1 2 -0
|
|
R 0 100
Time (ps
ISOLATION VOLTAGE
s EREGLENCY IMF: vz FREGUENCY
ico <
Max DC Rating -
21K - il
% fh I~
$ on b - .
> 3 = -
5 '8 ‘!_( I~
3 § "™
-
3 N <]
100 a0 H
3 - = E
& E Typc S ]
|- Ferformance ] =]
[T i
n a
100 " 10% 100K ™ 1M 100M 1 10 100 1% 10k 403K

Fraquency (Hz. Frequency (HZ)



PERR @8)

b4

[

PERR vz FREQUENCY

IZOLATION LEAKAGE CURRENT vs FREQUENCY

100mA,
1OmA
£
[ o 1mA —
i
\\ & 1500%ms Hi 1
y 3 1ompA
VoV ]
M 3 10524,
ks P L1 240Vims
7.8
N
A
O 1A
10 100 1k 10k 100k L 1 10 100 1k itk 100k
Frequency (Hz) Frequency (Hz,
CIGRAL RECFONSE TO
INPUTE GREATER THAN ZS0xHz
s 100Kz —|
TV Frequency
1] < Ot —T 230
'{An ,"'n"'_
\ \
- J l| |. '.
F -0 f 2m
# \ / 3
= | 1\ J'. &
£ -20 + T 150
3 ' 1 §
= \
g J'f‘ \ l"'. / \ .
> -30 7 '\ .f 1\"/\. 100 W
/ \' ' :
—40 0
/ \
o 500k M 1.5M

Input Frequency (Hz)

NOTE: 2haded area shows allazing frequencies that
cannot be removed by 3 low-pazs fiber ot e cutput.)

M

69



LM 7915



3 TERMINAL 1A NEGATIVE
VOLTAGE REGULATOR

DESCRIPTION

The Contek LM73XX series of three-laminal negative
requiators are avallable in TO-220 package and with several
fxed output voltage, making hem usefd h a wide range of
apphcaton. Each type employs inlernal current lmiting,
themmal shut-down and safe area prolection, making it
essenfally indes rucible.

FEATURES

*Oufput current up b 1A

5V BV -BV-12V0-15V- 18V, 24V outpul woltage avalable
“Thermal overbad prolecton

*Shant circuil protecton

BLOCK DIAGRAM

GND

il

TO-220

1:GND Zinpda 3:0utput

:

Vol
refe

sz]ompur

—0O

Rsc:u lN%JT

Contek



Contek7915 ELECTRICAL CHARACTERISTICS

Refat 1 31 cirouts, 0732125 C |o=600mA V= 23V.Ci=2 2ul Co= 1uF unleas ofherwis e apec ficd
PARAMC TCR SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNIT
[Tj=25 C 144 | 150 15.6 \
Oulput woltage Yo 5.0mA<lo<t .0A Po<iSW
[Vis-17 5V to -0V 1425 -15 -15.75 W
Line reguiation AV %25 C Mis-17.5V to -30V 12 300 | mv
[Ti=25 C \=-20V b -26V [:] 150 m\
Load reguiaton Ao [Tj=25 C Jo=5.0mA 1o 1.5 12 300 my
’ﬁa_z: T los250MA K TSNNA a 50 | mv
Quiescan! cument [E] }*25 C 3 6 mA
Quiescent curent change Alg losGmA 1o 1.0A 0.05 0.5 mA
Vie-17 .57 16 30,57 (R X T
Output voltage drifl AVAAT  Jlos5mA 0.9 mv/ C
Oulput nase volage VN M=10hz o 100kHz, Ta=25 C 250 u
Ripgle rejecton RR {=120Hz, Vis-18.5V b -28 .5V 54 60 dB
Dropout voltage o lo=1.0A.Tj=25 C 2 v
Shon dircuit current lsc Vis-35V, Tas25 C 300 mA
peak current Ik [Tj=25 C 22 A

APPLICATION CIRCUITS

C1
22uF
==
=

1
~ 2 Contak
- LM7EXX

Fig.1 Fixed output regulator

+20V 3
, Contak , _ P
O [ 1 LM7815 3 -]- 19,
_|_ 033 uF < 01 ;;F_|_ NGO
J_- L 22 yF 1 1uF J_—. IN4001 Jf—
r < Contek 3 T I )
= LM7815 i
20N 15y
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3-TERMINAL 1A POSITIVE
VOLTAGE REGULATORS

The LM78XX sanas of three-tarminal poskiive reguiators are avaliabéa In
the TO-220/D-PAK package and with several fixed output voliages, making
them useful In @ wige of applications. Each type empioys Intemal
current Emiting, thermal m—o&wﬁ and s¥e area 3&&@0!\%:)9 ]
epserllaly Indestuclile. If adeguatz hedl slnking ls pruvided, they can
dellver over 1A output current. Although d2signed primarily as fixed voltage
reguiators, these devices ¢an be usad win extemal componznss to obtain
adustadie voltages and cuments.

FEATURES

« Output Current up to 1A
» Output Voltages of 5, 6, 8, 8, 10, 11, 12, 15, 16, 24V
« Thermal Ovehioad Protection

« Short Circutt Protection

« Output Transistor SOA Protection

TO-220

D-PAK

¥ -
.1“,;.-"

1: Input 2: GND 32 Ouput

ORDERING INFORMATION

Output Voltage
Davice Tolerance E'aeng Operating Temperature
KATEXXCT =2 .
KATERRAT o T0-220 DEFES0
KATEXXIT = -40 ~ +125°C
e - 0~+125°C
KATEXKAR —2% D-PAK o
KATEXXIR =4 -40 ~ $#125°C
ELOCK DIAGRAM
NPT B 49 CUTEUT
o PASS O
1 ELEMENT 3
CURRKE >
thlEﬂ::Oﬂ %1&(}1!0?‘ ‘i:’
STARTING MEFENNCE ERROA
CrmeuT - VOLTAGE AP FIER
<
TrERMAL b3
PROTECTION

wlhg
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ABSOLUTE MAXIMUM RATINGS (T, = +25°C, unless otherwise specified)

i

Characteristic Symbol Value Unit
Input Voltage (for Vo = 5V to 18V) Wi 35 v
(for V= 24V) W 40 v
Thermal Resistance Junction-Cases Raye 5 *CIW
Thermal Resistance Junction-Air Rizys, 65 °CIW
Operating Temperature Range KATSXXARIRA T 0~+125 "
KAT7BXXIRI o 40~ +125 >
Storage Temperature Range Tsre 65~ +150 =
LM7815//R/RI ELECTRICAL CHARACTERISTICS
(Refer to test circuit, Tum<Tu<Twax, lo =500ma, V, =23V, C, =0.33uF, Co =0.14F, uniess otherwise specified)
£ s LM78151 LM7815 ;
Characteristic Symbol Test Conditions W [ Typ | Wax | Min | Typ | Max Unit
T, =+25°C 144| 15| 156 | 144 | 15 | 156
Qutput Voltage Vo  |5.0mA =1o21.0A, PoZ15W v
V= 17.5V to 30V 142 15 [ 1575 [14.25| 15 [15.75
Vi= 18.5V to 30V 5
] : V, = 17.5V to 30V 11 300 11 300
Line Regulation ¥ T, =+25°C—
ot Ao | Vi= 20V to 26V 3 | 150 3 (10| ™
; lo =5mA to 1.5A 12 300 12 | 300
Load Regulation AV, - mY
= °  [Ts=+25"Ci, = 250mA to 750mA 4 [ 150 4 150
Quiescent Current la T,=+25°C 5.2 8 52 8 mA
lo = 5mA to 1.0A 0.5 05
Quiescent Current Change Aly V), = 17.5V to 30V 1.0 ma
V) = 18.5V to 30V 1.0
Qutput Voltage Drift AVLIAT [lo=5mA -1 -1 m\/°C
Qutput Noise Voltage Vi f = 10Hz to 100Khz, Ta =+25°C S0 90 wWive
Ripple f=120Hz
Rejection RR  |y,=185vt0285v il M 5 | -
Dropout Voltage Vo L=1A, T,=+25"C 2 2 v
Output Resistance Ro f=1KHz 19 19 mQ
Short Circuit Current lsc V=35V, Ta=+25°C 250 250 mA
Peak Cument lex Ti=+25°C 22 22 A

*Tran =Ty <Taaax
LM78XXURI: Typi= - 40°C, Tyux = +125°C
LM7BXXR: Tom= 0°C, Tyux= +125°C
* Load and line requlation are specified at constant, junction temperature. Change in V5 due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




TYPICAL PERFORMANCE CHARACTERISTICS

Fig. 1 Quiescent Current Fig. 2 Peak Output Current
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TYPICAL APPLICATIONS

Fig. 6 DC Paramabsr
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Fig. & Flxed Output Reguilator Fig. 9 Constant Current Regutator
| | 1 ]
" | KATEXX -
N S KATBXX l IDJ‘ 3——-!—— ‘:’L
[, m—-— 2 & — ? == ¥ v
“r—.u; Tuu Taas ) O
el
L j"
1 $n
Notes: -
{1) To specify an output voitage. substiute voitage value for 0" k&t
A commeon ground Is required between the Input and the Cutput sl
voltage. The Input voltage must remain typically 2.0V above te output
voitage even during the low point on the input rippée voitage.
(2) C Is requirad If reguiator Is located an appreciable oistance from
power Supply filter.
13) Colmproves stabilty and transient response.
Fig. 10 Circult for Increasing Output Voitags Fig. 11 Adjuatabis Quiput Ragulator (7 to 30V)
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Fig. 12 High Current Voltage Regulator Fig. 13 High Output Current witn
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Fig. 16 Negative Output Voltage Clrcult Fig 17 switching Regulator
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TLP 250



Transistor [nverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP230 consists of a GaAlAs hght emxtting dicde and 2
integraced photedetector.

This umt is 8—lead DIP package.

TLP250 i= suitable for gate driving ciroust of IGBT or power MOS FET.

« Input thresheld current: I¥=SmAimax |
» Supply current (Iock: 11mA(max |
+ Supply voltage (VOO)- 10-35V
« Qurput current (Iok +1.54 (max)
* Swniching time (tgL H/tpHL) 1.5psimax )
¢ I=claticn veltage: 2500V m.lnun )
» UL recognized: UL1577, Sle No.E67349
¢ Optoa (D4 type
VDE approved: DIN VDEOS84/06.92 certificate Ne. 76523
Maximum gperating insulason volage: 630VPH
Highes: permuzzible over voltage: 2000VPK
(Mots) When a VDEOBS4 approved type Is needed,
piease designate the “option (D4)”
¢ Creepage distance: 6. 4oum{mun )
Cleazance: 6. 4mminun )

Schmatic

v N
SR
* i

A 0 1F bypass capchior must be
conneched between pin 8 and 5 (See Note 5.

Truth Table

Tr2

i
2o
EE!

g

Unit In mm

SAETiN o
TOSHIBA 11-10C4
Wegnt 052 g

Pin Configuration (top view)

[
.
a[
s [

Bl

tHe
17
]«
iE

@@ W -

NG

Anode
Cathode
NC

GND

Wiy (Ourput)
Vig

Voo
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Absolute Maximum Ratings (Ta = 25°C)

83

Ohamcterizse Sy=bhol Ratrg Unk
Forward curent lg 20 mA
Forward curent darating (Tax 70°C) Alg J ATa 0.3& mA/*C
% Feak rarsient forward curent ot 1] lgpy 1 A
-
Rewerse volage Vi E v
Junction temperature T 125 c
*Hpeak output cument (P, < 2 Sps.f < 15KHE) 1Nobe 2| leen 15
“L'pesk cutput cument Py < 2 5us < 15KHE) |Mote 2) loeL +1E
(Tas 70 3s
Quipwt votage Vo v
x (Ta = B5°C] "}
H (Tas TOC) 3E
A | Supoiy voltage Wes v
e (Ta=85%C) 24
Cutpwt woltage derating (Ta & 70"} AVg ! ATa 0.73 vits
Supply voltage derating (Ta x 70°C) ANpe /AT 0.73 vitC
Junction temperature m 126 b =
Operying frequency (Nobe: 3) 1 & kHz
Cperatng i=mperalurs range 'I'm 20~85 b
Stomage tempenhare range Tug £E~125 c
Lead soidering temperaturs (10 5) (Note 4) Tacd %0 "C
Izaiation voitage (AC, 1min, ALH.< 50%) i Note 5] BYs et 1] Wms

Nota 1:  Pulse width Py 5 1us, 300pps
MNote 2- EipCfEﬂEﬂEﬂ- wavetom

Nobe 3:

Mob2 4 11is 2 mm or more fom 3 lead roct.

Noba &

MNob2 &

together

Exporenantial wavefom, losy s -1.04] = 2.5u8), losL = +1.040 = 2.5u8)

Deyice consigend 3 bwo terminal deice: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and & shorted

A& ceramic capaditonD. 1pF) shoud be connected from pin 8 % pin S o stabliize the operation of the high

gain linear ampliter. Fallure fo provide the bypassing may Impar the swiiching propanty. The todal lead
length betwean capacitor and coupler should not exceed 1cm

Recommended Operating Conditions

Characherisic Symiboi Win. Tyo Mayx. Uit
Ut ExesL oo Mot 7) | gy ] 10 i
Input voitape, off WFOFF) — a8 W
Supply volage Ve -_— 3 | e W
Peak cutput cument Ry ey — 0.5 A
Operaing tempersturs Tu‘, 25 Ta 85 "z

Nob2 7. Input signal nse time (fall tme) « 0.5 ps.



Electrical Characteristics (Ta =-20~70°C, unless otherwise specified)

Test
Characterisiic Symbol Cir. Test Candbon Min Typ.* Max
cuit
Input forsard voltape Vg — Ip=10mA, TawIS"C 16 1.8
NG e i sveisTal — |ip-soma = | am| =
Input reverse current I i Vi = 5V, Ta=25°C F 10
I cspachance O VD, f= 10z, Ta - 28°C i 2580
H" vl P 3 = Sl e os 15 -
Ourput current Ve =30w [ 1880
1] If = B
_ i . 2 = P
L" leved b 2 Wi g = 2.5% as 2
H el Vs PR b i il IR Y 28 | —
Cntput veitags - :
T = {15V, Vs = 1N ' 3
L lews VoL — L 2000 Vi = 0.8V —_— $2 a5
Ve = 30, g = S0mA = B o
H" level ECH = |Ta=25C
Gy Ve = 30, I = S0mA - — "
Vi =30V, Ik = DmA -z
i 7.
L e legy — |Ta=I5C
Ve = 30V, I = OmA ot — 11
Trhreshoid input *Ourput IFLH - Vet = +15V, Vigg = - 15 s 13 &
curent LH - Ry = 2000 Vg >OW E -
Threshoid inpet SOt IFHL s Voot = «13W, Vigg = - 150 0.8 _ _
voitage H--L* R = 2000, Vg < TV i
Suppdy volage Ve —_ 10 - as
Capasitanze cs — |V&=0.f=iMHz = 10 o
(Input—output) Ta =25 =
Resistsmcea(irput oupet) Re s | M TR 10 | 0™ -

* All typical values are at Ta = 25°C ("1} Duration of | tme = S0us



Switching Characteristics (Ta = -20~T0°C | unless otherwise specified)

Test

cutpLr

Characeristic Symbol Cr. Test Congltion Min. Ty May. unit
cut
Prooagaion L—H b b — 1 as
s Ll Hol it If = BMA (Note ) — | a1s | us
5 Vi = 18V, Vge g = - 12V ™
Ourput nize time 1 — — -
Crfput fal tme t - - -
Common mede transient " el 5
- ] /, If = BmA
Imrranky at high leve Cuss 7 ,:"‘" B ;gE'.TI;-;;C 5000 - - Vi s
outpLe -
Common modie transient " '
IreenEy at ow leve Cait. 7 ::r—“ = 3533‘.};'_ ;‘__:2 5000 - - Vips

* Al typical values are at Ta = 25°C
Moba 7: Input signal rse time (fall Ime) < 0.5 ps.
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MC 34072



Single Supply 3.0V to44 V
Operational Amplifiers

Quality bipolar fabrication with mnovative desizn concepts are
employed for the MC33071/72/74, MC34071/72/74 senes of
moumelithic operational amplifiers. This series of operational
amplifiers offer 4.5 MHz of gain bandwidth product, 13 Vus slew rate
and fast senling tme without the use of JFET device technology.
Although this series can be operated from split supplies, it is
particularly suited for smgle supply operaton, since the common
mode input voltage range includes ground potentisl (Veg). With a
Darlington input stage, this series exhibits ugh mput resistance, low
input offset voltage and high gam. The all NPN output stage,
charactenzed by no deadband crossover distortion and large output
voltzge swing, provides high capacitance drive capability, excellent
phase and gain margins, low open loop high frequency output
impedance and symmetrical source sink AC frequency response

The MC33071/72/74, MC34071/72/74 series of devices are
available m standard or prime performance (A Suffix) grades and are
specified over the commercial indusmizl'vehicular or military
temperamre ranges. The complete series of single. dual and quad
operatonal amplifiers are available in plasac DIP, SOIC and TSSOP
swiace mount packages.

Features

® Wide Bandwidth: 4.5 MHz

# High Slew Rate: 13 Vius

¢ Fast Setrling Time: 1.1 us to 0.1%

* Wide Single Supply Operation: 30 Vio 4V

® Wide Input Common Mode Voltaze Range: Includes Ground (VEE)

¢ Low Imput Oftet Voltage: 3.0 mV Maximum (A Suffix)

® arge Output Voltage Swing. —14.7 Vo +14 V (with £15 V'
Supplies)

® Large Capacitance Drive Capability: 0 pF to 10,000 pF

® Low Total Harmonic Distortion: 0.02%

® Excellent Phase Margm: 607

® Excellent Gain Marzin. 12 dB

¢ Output Shor: Circuit Protection

® ESD Diodes'Clamps Provide Input Protection for Dual and Quad

® Pb—Free Packages are Available

88

PDIP-8
i P SUFFIX
; CASE 626
$0IC-8
o D SUFFIX
S CASE 751
i
S
|‘n P SUFFIX
.. CASE 646
1
/ SOIC-14
14 f D SUFFIX
N . CASETS1A
TssoP-14
. ,_Q DTE SUFFIX
1 CASE 348G

ORDERING INFORMATION

Ses denled ordering and shipping Informaton in e package
dimensions saction on page 17 of Bz dats shest

DEVICE MARKING INFORMATION
See general marking information In the device marking
caction on page 18 of iz data sheet



PIN CONNECTIONS
CAZE B4BICAZE TE1A/NCAIE B4IO

CASE BZBICASE 751

Inpues
'O

Cumant
Canecdinion on

6 Yo

1 | e

et Nl
(MCI071. MCIA0T 1 ariy)

Figurs 1. Representative Schematic Diagram

(Each Ampafier)
MAXIMUM RATINGS
Aating Symbol Value
Supply Voltage {from Vi 10 Vsl Vg 44
Input Derential Voitage Range VioR (Note 1)
Input \Voltage Range ViR (Note 1) v
Output Short Clrcult Duration (Note 2§ L4 Indefinite =
Operatng Jurction Temperature Ty +150 <
Storspe Temperature Range Tug 60t +150 <

1. ERneror both Input voRages should not exceed the magnitude of Vg o VEE.
2. Power dizsipation must be considersd o ensurs maximam juncton temperature (T) ks not exceeded (22e Figure 2



ELECTRICAL CHARACTERISTICS (Ve = +15 W, VEg = =15V, R = conmected o groumd, uniezs cthersize noted. See Not= 3 for

Ta = Tiow 10 Thygn!

A Buffix Non—Suffix
Characterictioc Symbaol Min T¥p Min Typ Max Unt
Via N my
= 0s = 1.0 50
- 05 - L sa
- - 70
Axerage Temperaturs CeeTicient of input Offsat & 10 = 10 - RVI™C
Voitage
Hyg= 0L Vem=UV Vo=LWV,
Ta = Tiow 12 Toigh
Inpes Blas Curment (Vey =0V, Vg=CV) g nA
Tp=+25°C - 100 - 100 500
T = Ticw 10 Thigh - " e ¥, -ao
Inpa Offset Carrent (Wegy = 0 V. Vg = 0V) Lo nA
Te =250 - 50 - 50 7=
Ta = Ticw ™ Thign - - - - 300
Input Commen Mode Voltage Range Vies v
Ta = +25°C VEE 1.8)
Ta = Tiow 2 Thigh VEE 22)
Large Signal Voltage Gain (Vo = +10 V, R = 2.0 kik) A vimy
T =+25°C 0 100 s 100 =
Ta = Tiow 2 Thigh 2s - 0 - -
Output WYokage Swing (Vip= +1.0 V) Vou v
Vo= =50V VEg =O W, R =20 k2 Ta = =257C i 4 40 3.7 40 -
A -={E W =15V, R = 10 K, Ty = «25°C 136 12 138 14 -
=#+15V =--1SV, R =208, 134 - 134 . -
4™ Ticen 10 T
=50V, Vg =0V, R =20 k2 Ty = +25°C Var _ R} - o1 2.3
=15 W Vg =~ A = 10 KD, Ty = +25°C N -14.7 - =147 | -143
o= =15 W Ves = =15V, R = 200 KL, = - - - -13s
T = Tiow 90 Thigh
Output Short Circult Current (Vip = 10V, Vg = 0V, lag mA
Ty = 25°C)
Gource 10 30 10 30 -
Erk 20 3] 0 30 -
Common Mode Rejection CMR 80 g7 70 87 - L)
Rg o 10 KL Viy = Vigr, Ta = 28°C
Power Supply Rejection (Rg = 100 L) P8R BO 97 7O s7 = aB
VeeWgg = <15.5 V=165 Vo +12.6 V=135V,
s = I5°C
Power Supply Cumrent (Per Ampitfier, No Load) Iy ma
Vg = +2.5V, Ta = +IS°C - 16 20 = 16 20
=0V, Ty=+25"C = 13 25 £ 15 25
av, - = 3} - = 2.8

3 Tiow = —40°PCTorMBC33071.2.4
= D"Cfor MC32071, 2,4, /A
= =40°C for MC3A0TI, 4V

i Thich

= «B5°C for MC33071,2,4, /A
= +TO°C for MC34071,2, 4, /A
= «125°C for MC34072, 4




AC ELECTRICAL CHARACTERISTICS (v

< w15\, Vg = =15 V, Ry, = cornecied b ground. Tg = +25°C, unizss othenaise noted )

A Buffix Nom=-3ufix
Characdarictioc Symbol Typ Max Min Typ Max Uit
Blew Fiaee [V, = —10V 80 +10 W, A = 2.0 kil C, = SO0pF) SR Vs
Ay=+1D 10 - 80 10 -
Aym=10 13 - - 13 -
Setting Time (10 V Siep, Ay = -1.0) [N s
To 0.1% (+1.2 LSB af $-8itz 1.1 - = 11 o
To 0.01% (+1.2 L8B of 12-Bis) 22 - &= 22 =,
Gam Eandwidth Product (f = 100 kHz) GEW L5 = 15 4= = M=z
Fower Banawigin BW 160 = = 180 = kHz
Ay=+10,R = 20KD Vg = 20V, THD = 50%
Phase margin fn Deg
R, =20k Gl - - & -
R =204 C, » 300pF £ - B 40 =
Gar Margn An dgg
Ry =200 12 - - 12 -
R, =20k C, = 300pS ) - - -
Equivaiert input Noise Voitage e, 2 - - ES - | nvivrd
Rg= 1004L = 10042
Equivaient input Noize Current In 022 - - b - | pavHe
f={.0kHZ
Differemtiy Inpuf Resistance Rin 150 - - 120 - (4]
Ve =0W
Differemliy’ Input Capacksnce Cin 25 - - 25 - pF
Vew=0W
Total Harmonic Distarten THD .02 = = Qo2 - %
Agym+ 10, AL = 20K 20 Ve % Vo 2 20 Vg, T = 10 KHZ
Cramnel Zeparaton (f= 10 RHI) - 120 - - 120 = dg
Open Loop Qupat iImpedance (T= 1.0 MHZ) 20l 30 - = 3a =, W
Single Supply Spiit Supplles
oy Vs Vel =te ¥ Vee
—ii ) ’
Ve g’"a_‘
o " o~ Lo
T >t wx I
s | o>t
o 1 >—[0 = il 3 >—o
o C o b
o+—" Yo = o
0‘_[,",>_ o Ve po >—to O e
é"':t Ofatruling range isapproamaily £ 80 m wha [0k

Figure 2. Power Supply Configurations

pabontiamaster (W L MCMIT cniy)

Figurs 3. Offast Null Circuit
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Flgure 4. Maximum Powes Disslpation versus Figure 5. Input Offset Voltage versus
Temperature for Package Types Temperaturs for Repreaentative Units
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Vg . OUTPUT STURATION WOTACE (%)

Veat . OUTPUT SATURANION VOLTAGE (V)

Zoy CUTPUT IMPEDANCE (2}

Ver o NE v W
¥ Weghee = /80W - S0V B2 W 2V Vi L
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Ve 40 P i Voo 2
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Vg 420 3 oz
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Ve + 1.0 Sk E— g
s o Y ] -
= EE ] GND
Ve L = 0 Hl
-0 50 ) ] 20 00 10k Wk 100k
i, LOWO CURFENT |+ mi) FL. LOWO RESETANCE TO GHROUND i)
Figure 10. Singke Supply Output Saturation Figure 11. Spiit Supply Output Saturation
versus Load Resistance to Vee varsus Load Current
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Figurs 12. Single Supply Output Saturation Figure 13. Output Short Circult Currant
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THO, TOTAL HASMONIC DISTORTION (%

My OPEN LOCOP VOTAGE GAIN (dB)

M. OPEN LOOPWOLTAGE GAN (4B
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Figurs 16. Total Harmonlc Distortion Figure 17. Total Harmonic Distortion
versus Frequency versus Output Voltage Swing
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Figure 22. Percent Overshoot versus
Load Capacitance
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