W Burdie
W HN J) {JJM:BI 4! '.: :"i&'ﬂ'{ﬁ:"ﬁhf[ ‘I iR

T

o uyE
il q i

an ALl
WIR0e BN
% d ] |

ﬁgm-:é‘;“m- S
el gk

GG

i JEA L S | I #il a oo e e
peire Q] o 0 i Fe 2 . “ T .'-_‘J 01 g s
3.‘3??”;'}:‘:i -"un ren; ' 1> ﬁa';‘ u?; .fi’“ ' a’j \R%"""" f‘g I}, "WHL Y 1r3\, zﬁ,‘}'{a d \_ ‘E{gn,;h‘j dk} j‘ “ f;hﬂ( -ﬁ@hﬂ

i L e
AT IR ’?L My 51 i wi.fn“i:% iy el ats "3&”5

ass ‘ .‘1., .:“r & : Do D B (IS

BENEN - 13+ wy PR WRE D 0

s iulniesaunausinnaunmenizg
: b

4 ,.,:\'
3 i

@ pEseyen ol
e L 3 G W

f '11 h"; \3 (i d 53 ﬁ



YATIADINIAUAY
WIND TURBINE SIMULATOR

wugn yydae
qafnd  oustdy
g9uA  wue
gy UA3

U?mvmvﬁﬁwuéﬁtﬂudqwﬁwaamiﬁnmmwé’nqmiﬂ‘%mmvﬁmn's'sumﬁmﬂ’mﬁm
a3 3aanssulnil andaanssuaans
dartumaluladnszaauinanitaummsainnssds
Ynsfinwn 2556



WIND TURBINE SIMULATOR

NATTAPON BOONCHUAY
SURASAK AMARADIS
SUJINDA WATANA
UTEN MEESRI

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
2013



Unsdinen 2556

YATRDINIAUAY
WIND TURBINE SIMULATOR

1ng

WY g YUY
WY g3fing - BNy
WY gAuUA1  nluy

P

we gy 1S

Cal
2719158NUsnN

SA.ATINT NOULTA



a gl

USeyayriinusUnisAnun 2556
anuirimansulnih
AuEImMNIINeEns anvuwmalulaginnnuvmsainnszds

1399 YnIIaDINIUAN

Ny
1. Wy olgno VaTkiield
2. uw gafni DINTTAY
3. WY guen Tolug
4. ue amu 63

ol et
........................................................................ 21158NUINW
( 57.095. 905 NadLsA )



YaT1aneieiuay

Wy algnnl Yaytay
WY FSFnR ouTEAY
Wy gium Taiug

|
Wy gy Jed
IA.A5. 90T NoULSA 219158NUThwN

Un1s@nw1 2556

UNANED

a a ¢ 1 aa ¢ o o Y} =)
'U3ﬂ}uquWUﬁLaﬂuﬁJﬂﬂU'§3ﬁ\1ﬂLWE]ﬁﬂU'Tﬂ']'iﬁ]']ﬁﬂﬂﬂfuaﬂﬁmﬁ‘ﬂﬂﬁauﬂﬂﬁ ¥

a s o et = ar A 3/ d} o e/ v = as o
Auluimeesiaiua M“UUQHMIUWQﬂQﬂ wazasruaTesdassiviuatliiniloudunsvinnutes

fufuanisnasinadnuazldainlusunsy MATLAB/Simulink  Tneldszuunistuiniiou
uoimoslwihnszuanss Mereas AT-A7 aeunedines wuunesveuwstulinszuanse 3
vafenannsatunuusednvaainesini Tmanwsmuauﬂimmlwﬁﬂﬁ%ﬁaﬁmLﬁ}as‘*uaa
vawmedvinlddenisauguussfuitelifusaaineriumeslunisaindiedygiadu
fisiudagidy anmsiSeuiiisuannnszsuastaiinldanuawmes funssuaildannisdians
Tu MATLAB/Simulink tiel#ifunszuasnedslunmsiliussdnvesomesidululudnwae
g fuusadaiiAnanduiuausse Tnsmanieimssassissdaeiaunddinsninees
faviuau L{jaw1nmiamu'l,umiihaaw%qﬂy’uﬁﬁunu wavidenalummegeuuu dafunis

o ) o YY) A 2 o A = °
'ﬂ?ﬁ@ﬂﬂ?ﬂ’qm‘ﬂ?ﬂ@ﬂﬂﬂﬂu’ﬂuuﬂﬂLﬂuc‘nLaE}ﬂmeﬂqﬁuqﬂJqﬁﬂU'\
[



WIND TURBINE SIMULATOR

Mr. Nattapon Boonchuay

Mr. Surasak ~ Amaradis

Mr. Sujinda  Watana

Mr. Uten Meesri
Assoc.Prof.Vijit Kinares Supervisor
Year 2013

Abstract

This project aims to study the simulation of wind characteristics against the
fixed blade wind turbine and to construct a wind simulator using a DC drive with dc
chopper operating as wind turbine characteristics simulating MATLAB/Simulink by
controlling torque of motor from armature current controlled. The armature current
controlled is able to adjust wvoltage source supplying armature winding from
switching with gate drive signal PWM was derived from actual current comparing
with current simulating MATLAB/Simulink to be reference current and torque
occurred as real wind turbine due to costly investment of actual simulation as well
as time consuming experiment. Therefore, wind turbine simulator is the best

alternative for studying of wind energy.
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2.2 flaviuay

2.2.1 Awfuanuwaunuuey ( Horizontal Axis Wind Turbine ) iufavuaxi
funuvyuruuiuiismavesaulasdluiadusfsaniuuse au Tgunsalauaudeiuliiy
TUauirmsvesnseuaay Sondt made wazligunsallfesiuiaiudigademesnziinay
WAL

Aator
Blade

" Gestbiox  Gonaraton

otor

Hamatar /  Nocele
4

Torwms

o s

gﬂﬁ 2.2 MUUAULUILAUUDU (Horizontal Axis Wind Turbine)

2.2.2 MaiuaNuuIwAues ( Vertical Axis Wind Turbine ) 1lufswuauddl
unuvguuarluiiansaindunisindeuiivesauluuuanu Jailiauisaduanluwuasiuldyn
VGITRE

Rotoe Diaanster weiei
Rovor
Hisight

Fiwod Pitch
Roor Blade ~*

RS,

Gorseator

Gepbon -

Ul 2.3 Aauauuuaunuis (Vertical Axis Wind Turbine)
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m']m%ﬁawmﬁaﬁuqq wsedas Fedldsruauluindes windean1siluUszendldau
Wensguil wiedtn  Aniulzdensusiding AU fedldsunuluiauin
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finuaisay fdssdssuniutes uarinswdevislusainunnnimededug wifidedede
Fosmslassadranssosiuiudauss wasdunulunissdngs

2.2.4 S¥UuiesUsuANIS? I‘m‘Uﬂ15U§Uﬂ’)’lﬂﬁ’)S@U‘Uadeaﬂiﬁq&%ﬁJ %30
Mas Wemuaunsdshdmisnanninaivestsiuliinuduiusfuaasiseumanves
wiosrdalu

225 pusrauasindsesiaiuan Aosaniaiuaudnguluinnsi v
’lﬁﬂ"1éi'mJSxﬁw%‘ﬁwé’ﬁuaegﬁ"umﬂmm%’gau WAZAINANSI TR UV AL 2INNT WY
wuirtsiuauezlivhauiienudauiamiiniidiauiaudadn LLasﬁmwm%’Jamﬁﬁhqa
ninAmIRNggamszasiTlifsiuauinAuds s assuunanadadasvinloii s

auVgAVINAUVIuN

Power (kilowatts)
A Rated output speed Cut-outspeed

Rated output power J’ Ye

Cut-in speed

35 14 25
Steady wind speed (metres/second)

Typical wind turbine power output with steady wind speed.

a
‘LJ‘VI 2.4 ﬂ']ﬂlJﬁﬁJWUﬁ‘iu‘lz‘I’l’Nﬂ’ﬂlJLi?aﬂJﬂUﬂﬂaN’luﬂJﬂﬂﬂﬂﬁUﬁﬂJ

faivanasinuioanuiirauedlutieszwitanuiiaudadiimuangeanlag
Tugresewinmuidiandairdinnuiauisamdalwiindsldosuusdumuauiian
snidrauuarluiieseninenuiiauitadaenudiaugeaamdaliihindaldasiien
Inadesiumadalnihiide



2.2.6 AdazsiTnvauasosdnansnaiuan  mawnenaiiinduludiman

v
=t

S a @ YY) ° v
ﬂ@ﬁiim@'ﬁfﬂmﬂ‘ﬂuﬂﬂﬂﬂ']'i‘ﬁHuﬂQQTUWﬂ%BQﬂQﬂUENHTJJWiﬂ%ﬁﬁ@ﬂlﬂﬂ?&}ﬁﬂﬂﬁﬁ‘lﬂ']d

Adinpnanseil
1 258
B, = Eanp (A, B)r-vy (2.1)
de P, fo Mdmenaiifeduuuioiuay (watt)

p Ao ANAINMUILUDINTA TAUSTINN 1.225
(kg/m’)

¥ Aa Saflvasluie (m)

Uy Ao Amusan (m/s)

Co(A,B) o Andulsransindlnihvasisiuay

A Ao ansasznInsausansluia (m/s)
AoALLs (m/s)

B Aa yudnvadlusin (degree)

k3
s a

1=J ! s c{ o o o/ at 1 1 1
lnavardulseansiaslnivesiaiuay C,(A.B) 3wUusy UBMSIEUTENINNANUS AN
luia A uazyudnvadluin B Awanalaan

C,(LB) = C]_(%-Cg B-cpe i rcgl (2.2)
i

AMNUA ¢; = 05176 ¢, = 116 c3= 0.4 ¢4 = 5 ¢5 = 21 WA ¢ = 0.0068 MU

£
at

pudusYes A syl

1 i | 0.035

i A+0.088 B3+1

(2.3)

Mnaums (2.1) mdudssansmaaliih ¢, ssfiusgiuniseaniuudnuuziluindaiuay
IngiinzgnimualaninAdnmauduasuy & uazdwudaveduin B Fsaruduiusved

gns1AusNasy A Auausiseuvesiiiaiuan w; (Rotational speed of the wind
turbine) wazsafluasluiniuaAtauSiauausamilaann
OJET'

A= — (2.9)

Uw

1 =y AQJ L7 E‘fl Q!j = v o s
Tudguveuselamena T, Afekuanasafutiu asfasanlaanidmanaluaums (2.1)
ld! o - =) s s o = Q( =
Faarursovmneduvisusidavniena T,  vesdeiuaulumeuvesduusednsuseda
Ci(Torque coefficient) oA



T, == %npct(/l, Brdvd (2.5)

we

= o o g 4 I ar Ar = 1 oar qru o 1 4
Wiepnuduiussenineduusednsuseda C uazidudseAnsindslwih C, ansouansla
A

Pm
Co(4B) = ot = 52C2, ) = 2C:(LB) 2o

2

2.3 nsaruAuNana i nsEuansIUUNIEAuLEN
E d s QIJ = | L7 1 1 =y
lassaiveaniasdninalwimyuilussddiudseneundnet 2diu e
| o A o i | o - a a | ¢ = al
drunipaaun 13an71 lained (Rotor) way diudbiimdsud Jendn dwnes (Stator) Jeazd
Yarinseniduanmeiiulswes Fadanuianingiu Senin Yesernie (Air Gap)
winnsiugiurennsesdnsiniinszuansusenouMmenaIndIuig 2 4a
v ) o - o a =) A = 4 4 a < al
o vnainganiandoun dnyanilslindeud lnsgafiindoumdunisidsunlas
[ & s - | I's 1 . ; | =
waaulviidundinuniana Sendt arainesuees (Armature Winding) d@auanain
I = a o 2/ ! . . . { L
liimdounagyinisainsauruusivén (Field Winding) luinsasdnslnihnssuansiunainens
wnaeidnllugaviegilsimes
o | a 1 s A s
TunsvihuvesaTesinsiviinszuanss nulussunaznseualupsodng
[ s 1 e qy; a ca o v al LY v o
gilunszuaady uindrasilunssuanse Inggunsalnvivmihiudasnszuaadulnidu
NIEUANSIAD WUSIAU (Brushes) uazdnoufiummes (Commutators) L3801 NSEUIUAS
a Y . = A - - @ J = ]
AaNinLady (Commutation) 39i¥oLTeniaTesdnsnalidlinssuanssdndouilein
\A3R9ININARBNTINAY (Commutating Machines)



in3osinsluiinszuansautald 2 afla Amuesiunisnseduauiuwiudniivaainaui
(Field Winding) fa

Lallansysuaunsiimvdnugndiu (Separately Excited) lngunanauiuaz
Suuswulwihnunaseusnneuen Taedildesiuiuueainorsuniaes

2. 4iANsEAUANILLIMANGIBAIDY (Self-Excited)  Tawldduludodld
LUREITIERINABUDN YAAINFUINIZADIITIINAVVAAINBITUNIDSUULILIU (Shunt) kU
aUNIN (Series) WazuuuNaNnaIu (Compound)
T,ﬂaLﬂ?aaﬁniﬂanizLgamsqﬁlﬁmaaﬂuimwmﬁﬁlwﬁmizéjuﬁumLLaJ'mé‘mLsmdau

(Separately Excited)

Quadrature Axis

wsenu

UINIINFTUN

WINAINDITUNDS
sUM 2.5 Mmuandlassainvenaissdninalniinszuanss
Wefvuali Wy, duaiaudadagamena (Mechanical Angular Velocity) wuag

[ al I a = [T =3 v
Wulsihsusoiud (rad/s) WaganANENRUSUDIAILS50U n (rpm) 2tla

2nn
Wy = — 2.7
m P (2.T]

e

'
= =

EaNTLS WU TR TUALUSI0Y E, 2ziAnviniu

PZ
E, = —0w, = K,Qw (2.8)
a 21a m a m
Tngd P AD INUIUTILNANVDILATBIINTNE

7 AD INUIULYNAILENUDID15U DS
a A9 INUIUVDINATVUUY
= 1 o L4 1 [ i 5
1)} Ao ASNSulvaNAaT?

o PZ I3 ) dl ¢ <
LLae Ka = —— [uUAIAINUDINITEDNLUUDITULRDS
2ma
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AMMaILARINEUNLLWEN(Electromagnetic Power) agRansanlaainad
faalwihnlaanussuwmieniidunsewannsuimed wie anandwmnenaniaanusade

1 =3 s ' 3 a ot .é"
‘VW’NLL&JLﬂﬁﬂlﬂﬁ"lﬂUﬂ’]ﬂ’J’]iJLi’JL‘ENl!ﬁJVI’Nﬂa AU
Balg = Tt (2.9)
LLae

T, = K,01, (2.10)

s

AtusATaNyaTaunIBsdnInaliinssuanssanansonanslasadl

Generator

ol = o a [
JUN 2.6 2asauyavauniasiflaliiinsziansuazuamasininssianssuuunssfulen

U

Tedt v, fio ussuiithveandosins(Terminal Voltage) .. V
R, AB ANFIUYIUTDIUAAINDI5ULADI(Armature Winding Resistance) ... {)
Vs fio wseuiitrelifuanaanau(Field Voltage) ... V
I fie nszuatidnglifuunaanau(Field Current) A
R AB AR UNILYBIVARINEUIL(Field Winding Resistance) ... ()

T, A9 wsslavenafiiwarvesniesdns(Mechanical Torque) ... N - m

2
@ a

AunsananIAuduNusvasITulafad

YRAIAEULLULEN Ve =l Re
d o =
LsesnLalnin Vi=E, - I, R,

NOLMBS Vi=E, - IR,
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lushdedaznanfamsiinneiszuuiuuameinssuansuuunszduiondu
Tnsmsmuaslviemesnszuanswhnuiuaiosdiassivivassdauuluiand uazyiau
wuudannia Tasauaunseuavesteineilvaiausedaumidouduisiuan 91nn1smuaL
Wsaumeym DC-DC Converter semalianisuenganaiuniteiaduuugiinas lngld

3¥UU Pl Controller AIUALNTLLEARNT

Iy ir
Y . - @
+ +
Uy ur
@ @

o ¢ v a P °
g‘d‘lfl 2.7 ’N%ﬁuga‘ua\maLﬂaiﬂiBLLﬁﬁliﬁLLUUﬂi%@ULLHﬂIﬂﬂﬂW HaUIAITULAULIUN

PINAWRITAUYAANNITIANNTToYRUSUR TR UINAlaElY Kirchoff's

Voltage Law (KVL) leigiadl

NITOSUNADF
19RsASEUNNULILIAN AN
dif
Uf = Rflf + LfE (2.12)

g R, Ao AU umulunaInesuLees

L, Ao Anuwilleninlurirainensuaes

- o o o o @
e, Ao usspdaumdenihluinmundu
R Ap AUMUMULLYAAIAEUNLLLANKEN

L Ao AN lurieainauywlvanudn
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[

naunsf (2.11) 14 Laplace Transform lagail

(5] = R,1,[5) + sblsl {5} + Exls) (2.13)

17
s o

AATUANNSASELADISUADS ( Armature Current ) AB

1

I,(s) = m[Ua(S) — Ep(s)] (2.14)
asauNUAIAsivesIan (Time Constant) Tg = ;—Z
3
LAz) = 1R“% [U,(s) — Ep(s)] (2.15)
Te
Mnaunsi ¢ annsadeuudenlaosunsuldwi
U® T L)
= La(s)*R, i

Eq(s)

=
JU7 2.8 vdanlavzunsuvaInIELARITNRES

di' Au' q‘ ° al o s v < = 5 [ I 4
Wasnnuseadeuwmienii (ep) deudsiulagnssiuanuiudayuvedsines(@) waswand
wiwan(@) vastwiwdn udlunsaldfasaninandudivdnadt sadu

ep(t) = kpw(t) (2.16)

We ke Ao APIRTRLLSIAdeUMTa

W) fe amnududuwuvedsines
NNaNNN (2.16) wansluguvanisuiasarvarglansaunisy (2.17)

E(s) = krw(s) (2.17)

5| ) o = o & 1 a/ [ =
NANNST (2.17) snuiusaedeunisnihiiduvsiulagasaiuanusidaulsnesiuae
v @ =
a’lﬂﬂiﬂLL?{ﬂﬂﬂ?EJU%EJHIQE]%LW?N@QEUVI 249
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Us(s) + 1 L.(s) .
i L.stR, g
Ey(s) @)
kE <

:‘ as o 1 | = -]
JUN 2.9 vdenlapzunsuanuduiusszriusaadeuminhuarainuiweimes
4 a Yoo £ 0 el -l a - -1 ~ ° vao &
WeaRasanlvndndudivdniaAinei ussdanuawmesasretu (T,) Jeaunsorulnilaseil

t | a o & ﬂ‘t’
el Tt @Ae usedanusimasasiedu
[ o = él' =J o
ke Ao AmAvesuslauasusupdouniioni
= v -
NNANNTN (2.18) wansluguvasaunisauansglanaannism (2.19)

T (8) = kol (s) (2.19)

= v oa J a 4 o o o/ 4 4
NAUNIIN (2.19) wanaliiuInssOnvasuamesulsiulaensaiuiunselansuees
Y -t v Y [ [ A
U ‘UGLLﬁﬂ\‘llﬂﬂ’]ElUﬁE]ﬂ”LﬂE)ZLLﬂSSJ YPN?UV] 2.10

Uils) + " [.(s) .
N ‘| LstR, -
Ey(s) @)
kgl<

= = o o | = 4 4
EUTI 2.10 Uaaﬂ‘lﬂ@SLLﬂ“JNF]’J']&JHJJWUS?BWJ’NLLNUWLLE&%ﬂWLLﬁ’a’ﬁM’IL‘\]@i

Ineunfusslafiuameiasneliu T, ssflrwnninsawiniuuselnvesnisy T, deuanslaee

v

aunsusadafinanvewaimaslamad
T t) = Tell) ¥ Telt) (2.20)

P a
loefl T, fo usslnveanise
Tacct) A9 US10MAINNITISY



Y
ol

FawsaDnannseseaunsamuInlacadl

de(t)
Tacc(t) =] Zt

oo J A9 AluuRAULDeY
P = i o
Waunuaunisi (2.21) adluaunis (2.20) azle

T (t) = T, () +] 50

naunsh (2.22) aursaideulusdldaaunisi (2.23)

dw(t) _ Tm(t)—TL(D)
at ]

naNNsT (2.23) wansluguvesaunmsaraeldfsannisil (2.29)

Tm (s)— TL(s)

sw(s) = ;

A ={ " ¥V :ll
MNAUNSN (2.24) anusadisulvdlasaannisi (2.25)

w(s) = = [Tn(s) = T,(5)]

= P2 'Y} {
NANNIN (2.25) ansauanslimeudonlaozunsusgui 2.11

Ti(s)

Tm(S) +® i @(s)

Js

d o L4
UM 2.11 vdenlpozunsuvesmnuniidauuvadsnes

14

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)
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o & vy = d °
feuanauns (2.15) (2.17) (2.19) uay (2.25) uamslameudenlaozunsu@aduiuuinass
Tuanglaufindvesowmesnszuanssuuunsequuenadduguil 2,12 dielvdyg v
Wuwsesdu wardygamnsendumiuniudauvesdsines

Tv(s)
Ua(s) - I L(s) . Ti(s) . | @)
N | LstR, i +® Js
Ey(s)
B

= o a ¢ v
Eﬂﬂ 242 Ué'ﬂﬂ‘lﬂaﬁLLﬂﬁﬂlLLUU'ﬂqaaQIQU']ﬂJﬂﬁ%ﬂQNﬂLmaﬂWﬁqﬂiﬁLLﬁﬂiﬁLL‘U‘Uﬂ'i?J’GJULLUﬂ

2.4 AQ-0% AaULBINDS
o el aa ¢ ¢ A v ) v o ¢ s
N1SVNUVDY AD-RT ABUNDSLABS LIDADINTTMLTIAUNUARINDITUNIDS
aunIndsuuvasarlaainaudauisidausedulagliusedulninseuansandg vy
a P a | o A v oo ¢ ¢ o v
YnalrnauIuia1nef Weeannn1sildsunlatsansinunaeliiuunaine1suieesvinla
L3 t&l v L3 LY % 1 o ajl
UBMBSA1UIT0 Win-ana1t571e Tneal1u5ivetuamasasuUsHunsafiuAIusIF unaNe
Voo L4 & ﬂl L7 EJ 1 ¥ o

IiuenaInesunees Faannsamuauusssuissliivesainesuaesinenisaiuny

ANMUNTBINAd RIS R UV LB

IGBT : ARMATURE
GT60M303

+ G i, - o +
FREEWHEELING DIODE
Input 220V DC RURG3060 Output Te Armature Coil
G E
- & O -
IGBT : FIELD
GTB0MI03
+ G & 0 *
FREEWHEELING DIODE
Input 220V DC RURG3060 Qutput To Fleld Coll
<] E

d alal oo L
JUN 2.13 {-A7 pauniesnesuuunasvouLstulnnssuansy
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a s

MNJUN 2.14 Wedsuussiuifin 220 VDC Tufunemes n1suiuszeu

= L=

L,L'Nﬁummmﬁﬂﬁimamw%’ummn%aﬁaémiamm?'Tlﬂmﬁawaaﬁ’zuumm PWM  #ifina1ud
20kHz Fsluvmeidygras PwM fidudu 5v wie Logic 1 fleenanululasnoulnsaass
wseuiitnelvituneweseedan 220 v wasileduarm Pwm fandu ov vle Logic 0
uwsauiiTeliiuewedaiian 0 v Fsluvmzdussiinszualunalursastu free-wheeling

Diode #wipvuuagiunamasinih

IGBT : ARMATURE

GTEOM303 Armature Coil

- ey >
Input 220v DC
G
- & (
IGBT : FIELD
GTEOMI03 Field Coil
+ & )
Input 220V DC
G E
- @ (

d o at
31]1/1 2.14 NSYNNUVDIINTNOURTIA UGS

PWM 1 : Armature
@Duty Cycle : 0.8

‘

PWM 2 : Field
+ (@Duty Cycle : 1.0

2.15 dyaauussduguaiu PWM fivaeniunesuasunilanvesainasinfiinssuanss

an
(=
=
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a

Tunsaupuuawesivihazerfonisamuauusaduiivnaine unses e

'
s

\wen InglviussiuiiveainadauuwimvinveuenesinmasAifbm Asgua 2.15 Tanns

s =

AIvANKsIRUlaen1sUSuAIAunIiaduS oA dfAleAavesdyy i PWM duasiisuadu

Y

Ltiaﬁuuasﬂmmﬁqgﬂﬁ 2.16

PWM Voltage

v
A
9

Armature Current

o/

d | o/ € &
5UN 2.16 sUAudA s iuaznssualuavsenunsesveaawasiiinszuanss
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uni 3
NNseRNBUUNAZUSENaUESNY

3.1 grdausildluyndrassisiuay
3.1.1 gednaeaneiuan YaUsznaulusie DC Motor DC Generator LA3esilein
ANHSITEUNEWDS waviAsasileTauseln

A o @ ot
UM 3.1 gaaeanIvuay

3.1.2 UaLMBSINHINTYWARSY

JUN 3.2 uaweiliihnsuans



A15799 3.1 AAANTINIUYBIUBLR DS INAINTYWARSS

ANAAE 2 kw
AR 1400 rpm
ANALSINUVAAIADITULADS 220 VDC
ANALIPUVAAINAUIN 220 VDC
a o (3 [
AAANSELAVAAINDISUNADS 12 A
NAANTYLAVAFINAUY 0.8 A

32.1.3 wseanuialniinssuanss

T T —
T
]

et e—=
o ey
)

JUN 3.3 inseandaluihinssuanss

o - w o = o a
A15199 3.2 Ainn1svinanuvesaiasiialiiinssuanse

WAANIE 1.2 kw
AN 1400 rpm
ANALTINUVAAINDITUNIDS 220 VDC
NAALSINUUAAINAUIY 220 VDC
NAANTEUAVAAINDITUILADS 6 A
NAANTLUAUARINAUNL 0.55 A
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3.1.0 1ASDIALSIUN

- - a a
31J1n 3.4 |ATDIALIIUA

3.1.5 wseddlofarusisoy  Tdmsidsundssunenannnisyuilundany
AN Wwuigatuesaan e niinssuanss Tneanusi5ouasiUsHunsIAULSITUMAR Y
797

— i
ALL{AALFR

s

. .
JU 3.5 wsesdlonAnuisiseu
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al [ <
3.1.6 YAINAILIYINTBUALUULAUAGU

P~ al o P
Eﬂqﬂ 3.6 ﬁm’lﬂﬂiﬁﬂq AL UULAUARU

3.2 wwuihasuaiesiaesiwiuanyinyuluinasil

Tnmguifinarisiannsasenuuiuuitasuaiesassiaiuauyding
Tuviansilagldannns (2.1) lsuanisioaziBeaveniosiraosiviuausinmgsluinasidad
A nesammIei 3.3

3.21 MseonuuuLUUaeuaiosaesiiuay

nseonuuULUUassAIesitansisiuanviapluiaasildaums (2.1)
Tnefidmnsiinesmumsiei 3.1 vimseenuuuliiadosraosiswiuauriauluiaasd
HanAasunenalagean 1.2 Aladnd luiesadl 0.8 wes fanusiseuiiiea 1400 seuse
it fdranuidiand 4-12 was/unit Adananavestefuainsduagifumiiuseanimas
VBINIRUANAINALNTT (2.2) wag (2.3) Iﬂaﬁwﬁuﬂizﬁméﬁwﬁqmaqﬁqﬁuamz“ﬁuafgﬁumi
panuuuanyuzdluiiadsiuan gnimualdninAdasiammisiesy A = 8.07 uasAyw

Javedluia B = 0° anwnsauansuuudiaedldfagud 3.7

A = s o ﬂl o v W o o d’
M19719% 3.3 wnmmimmumamiaamaa@ﬂwuamumyﬂuwmmw

o o

ANAINAA (Power) 1.2 Aladna

Fasiluiie (Radius) 0.8 LIRS

AMEsaURnA(Rated rotational speed) | 1400 sausiaunl

AMUEaNdaLn (Cut — in speed) 4 Wns/Au

AUEENNINAgn (Maximum speed) 12 s / 3wl
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3.22 Naﬂ']'i"ﬂ’laENﬂ'l‘i‘VI'NWULﬂiﬂ\‘lf\]Wﬁ@ﬂﬂﬂWUﬁN’UUWHM‘LUWﬂ?’Nﬁ

= o ar 1 as =3 a ot
"U']HEUV] 3.7 Lkﬁﬂ\iﬂﬁ’lwﬂ?']uaﬂwu‘gixﬁ'l"I\'iBG]i'lﬂ'J']llL??LﬁiiJ A. AUAI

as 1

duUszansndelnd way ‘Iugﬂﬂ 3.8 ANuAURUSSEuIemIIAWSIESy A Auan

=l

s a :{ = P o v o [ o = oa o [ I
AuUseansIITIun LlIEJﬂTViUﬂaLﬂLﬂ'i@\‘i’iﬂﬁaéﬂﬁﬁuﬁQJQJWﬂﬂﬂT}ﬁJﬁTﬁ@U 1400 FoUMBUY 2%

=

[ a & A a £o o d 1 e £
ﬂﬁll’ﬁﬂ"lﬂ']’f]ﬁﬁ?F]']'ISJL%’JLH‘SN‘L@{ 8.07 aauAI@NUIEANSNIAIN 0.48 wUanNINAENUTLEANS
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(FUAMED) LS9AL 100V/Div ({dUAN1) nzua 5A/Div
(uu) Time/Div = 20 us (a14) Time/Div = 1 us

AN5199 4.1 AnuduRUSsER AT Tna i vanTaesisiuand
ALEY 12 m/s

213 1.60 35.687 a6 1.25
305 1.70 54.27 58 1.36
426 2,70 120.39 78 2.05
524 4.40 241.32 92 2.98
599 .00 357.36 105 3.86
691 7.30 527.97 120 4.73
763 8.30 662.84 152 5.35
865 9.00 814.83 146 5.85
965 9.30 939.33 162 6.00
1078 9.00 1015.48 177 5.82
1164 8.50 103557 185 283
1290 7.40 995.15 201 4.90
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A0 4.2 ANUETUSTEIRIN IERe 19 UIgaT IR s AN
ATIGD 11 m/s

215 1.40 43.00 117
301 1.60 57.00 1.51
409 2.60 74.00 1.96
514 4.40 90.00 3.03
600 5.80 106.00 3.85
694 7.00 121.00 455
816 7.80 137.00 5.03
898 7.90 149.00 5.15
1006 7.60 163.00 4.97
1088 7.00 173.00 4.67
1166 6.40 183.00 4.31
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® Jausian 10m/s
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(WUFWADY) WII9U 100V/Div (W @UEW1) nszua 5A/Div
(Uu) Time/Div = 20 us (819) Time/Div = 5 us

A13197 4.3 ANUALRLSIEnIAm I Twesa9vesYnd a0 iiuand
AILEY 10 m/s

76 1.30 27 1.09
162 1.40 39 1.09
248 1.40 36.34 51 1.05
352 2:10 77.37 67 108
461 3.60 17370 83 2.54
552 4.90 283.10 gy 3.33
661 6.00 415.11 114 4.05
734 6.30 484.00 126 4.29
814 6.50 555,79 134 4.37
941 6.10 600.80 151 4.15
1047 5.40 591.76 165 3.5
1113 4.90 57082 172 3.41
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® Janusian om/s
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CH1= 188y

JUN 4.22 UnRuULIWILLAENSEUATIAT A 9m/s Timdsgean
(Fudiniieq) usadiu 100V/Div (i) nszua 5A/Div
(W) Time/Div = 20 us (&19) Time/Div = 5 us

A15190 4.4 AnuduRussznInA M ive it uesyndiassiaiuani
AIED 9 /s

(N-m) (Watt)

82 1.20 10.30 28 1.01
162 1.20 20.35 39 1.02
258 1.40 37.81 52 1.15
368 2.30 88.59 69 LET
475 3.70 183.25 85 2.66
S r 4.70 274.01 98 3.24
644 5.20 350.51 111 5.58
a7 5.30 419.93 125 3.65
824 D 439.85 134 5.56
951 4.60 448.25 147 221
1025 3.90 418.41 158 2.80
1087 3.30 375.45 176 2.36

a2
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®  fimuisian 8m/s
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d s o 1 1 r-% & 1 o L2 @l i
A15197 4.5 anwduiussznineanlinesansvesyninasaisiuand
AUEY 8 m/s

(N-m)

82 1.20 10.30 26 0.96
160 1.20 20.10 38 B33
250 1.40 36.63 49 1.11
364 250 95:25 67 1.84
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Abstract

This paper aims to study the simulation of wind characteristics
against the fixed blade wind turbine and to construct a wind simulator
using a DC drive with dc chopper operating as wind turbine
characteristics simulating MATLAB/Simulink by controlling torque of
motor from armature current controlled. The armature current
controlled is able to adjust voltage source supplying armature winding
from switching with gate drive signal PWM was derived from actual
current comparing with current simulating MATLAB/Simulink to be
reference current and torque occurred as real wind turbine due to costly
investment of actual simulation as well as time consuming experiment,
Therefore, wind turbine simulator is the best alternative for studying of

wind encrgy.

Keywords: Wind Turbine Simulator , Pulse Width Modulation ,

DC Motor
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Abstract

This paper aims to study the simulation of wind characteristics
against the fixed blade wind turbine and to construct a wind simulator
using a DC drive with dc chopper operating as wind turbine
characteristics simulating MATLAB/Simulink by controlling torque of
motor from armature current controlled. The armature current
controlled is able to adjust voltage source supplying armature winding
from switching with gate drive signal PWM was derived from actual
current comparing with current simulating MATLAB/Simulink to be
reference current and torque occurred as real wind turbine due to costly
investment of actual simulation as well as time consuming experiment.
Therefore, wind turbine simulator is the best alternative for studying of

wind energy.

Keywords: Wind Turbine Simulator , Pulse Width Modulation ,

DC Motor
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12 1164 8.3 1035.57 185 | 5.55

1ea

A8

g1t 5.3 jnduussdunaznszuaiinnudan ans Afidegaga
A
a

(1%'11?71?1 94) UTIAU 100V/Div (Lﬁuﬁﬁ'l) NILIH 5A/Div

(1) Time/Div = 20 us (A14) Time/Div = 1 us



— . + &8

ﬁuuuuul"

SO O

1O

1 5.4 pladuussdunaznszuaianuiay 12m/s ifdigega

&
E -

(AumMAB) 1I9AY 100V/Div (FUFH) nTzua SA/Div

(UU) Time/Div = 20 us (819) Time/Div =1 us

6.ag

@ A a o w
vinmsnaaszasadunaiiu ldduleussianinduids
voanameiuazusalindunin Tnanaugany vemedawnyuiinnuiia
a3 WA A 3 a
A iuaaealas lulimsnanunlainami Fnnnansnaans
o AR d = o
TunargqaniuEa Tame iy vainnumi1au 4-12m/s veiiuur Tifu
- =
iteu Tunangui)
A o & w - ¢ ¢ e
iedunagilaauussdunaznszuainniouyiineivesusined
Irfhnszuanss aunsodunaiin 18 finnudiseugegvesemad
Z 1 a d a Hqvw & ¥ oar ¥ ¥ d
iy mdan lwda #ldtuuemes inivifisdeutananiianuga
4 o - a o 3 I'd EY)
vamedag Mailtumaninnniinnuisiseugeniv vemeivzdes
a ar @ o : o '
afruselinesnumnawauninuanyuzvessviuay Fezmiuldh
A o w a 3 d. a4 s o
immdsgege uazusaliagegalsingvuininnuEwemeiniuEa
& P o # 2 % 1 a dy a P :
nis TagiminruTwemeianuE Ny MR lmdavzaniigaludu
o A& o e a
anusraviden TagluTasneuInsamefiznomliun1aia luda
A 79 9 ¢ A e 4
ienugunszuae e i lilnwido1d wanilenszuaend
o d a o w
mwefifiu hlamdida1d fvs Idnamussdanazmdmisnaiiull
ludnuazi@eanunsisiaesldluTsunsy MATLAB/Simulink
A o A o o ' = A
wedunngUadunssudouninedvznuinszualininaiu
- d ! &
Tuseidya o PWM ity Logic 1 W593¥111iu uaznszuaiimianas
[ 1 o %34 ' { o
Tugiidygia PWM 1 Logic 11 0 weinifioaninlusrendyanu
o . N S I @
PWM 1ilu Logic 1 tuiflutaiinemadsliduuemed Idihinszua
X . .
wzdeajagau uaz lugresiidyn e PWM 1 Logic iilu 0 nszuarony
anauadea s lnald dissvindlugei ldimda I 1dsy
4 1 o o (=3 - U w 3 @
vowef i uavemeidenanyuegiuianisiendsudoundy
a 4 - ; " o g 1 H
Aty Taur AT Free Wheeling Diode fidovunnilugyegiinnnsers

s
SN

62

7.0aanssudssma

yovouu A.A3.33a3 Rausa gaaliaiu] Auuziiuaz

dq wa a dad o @ o
Auuan i v Tana ﬂaElﬂ1]NLLuﬁﬂﬁﬁﬂﬂlmuﬂﬁiﬂﬂuﬂuﬂ"lii]ﬁ‘l’i"l

4
unarmiisuaioauysal auzdiminensveunszguiilundiig

yovouguANLIAINTTUMAnS aanfumalulatwszeoumnd

Y
IIAUNHITAN ﬂi:ﬁd

v a
PnNaIDNgd

[1] B. Neammanee, S. Sirisumrannukul and S. Chatratana,“Development

of a Wind Turbine Simulator for Wind Generator Testing,” Interna-

tional Energy Journal., vol.8, 2007, pp. 21-28.

[2] H.M. Kojabadi, L. Chang, and T. Boutot, “Development of a Novel

Windturbine Simulator for Wind Energy Conversion System Using an
Inverter - Controlled Induction Motor,” IEEE Transactions on

Energy Conversion, vol. 19, no. 3, pp. 547-552, 2004

y a W 4 A o v w = M a P
[3] mau Suniges, “ wissmesnaiuausiay luianan Taols

[ | | £,
szuptunaeu ihnsziansaundgnin, » Inendinusia -

ar ] - W =) a -y ]
arsumansuiadia, aviinnT sy i, vninedy Goalui

2556.
WIWDIFAU YYHIY A amsAmndinisondnuaeu
- asnnTsasouanmanineds iida
-~ iggaiianssu i aoniuma Tulatinszeeu
‘ nduinunmisaianszaly

o £ a o I o
WwgIANA o wsgAY duTensAnmFulTounm,
aoutlatvninTsaFounAuniiagm (@ asmaiie)
Wygeiinangsu i annfuma TuTadnszeon

¥y o
NANVIAUNHITAINNTSUN

a o o Y
wggiua Jame dussnisaneruisouinyineu
dawanTsaFouniyeuimn Inodounsgu
Wyanaiarnssyldih aonfumaTuTainszeen

‘ wndndnammisarmnszia

o < Yoo
wggm B duTensAnsuiseuAnuiaeulais
VN TTEOUITUNTIFYRA ad3 N0
Usgraiinanssu i aordumalulad

nszIBMINANTINAMMITAIANTT



63

AIANUIN U
vaenlaszunsunisinassluaaununes

Bets - n flu}
08 Fend Te Weorkspacesd
r n3
Subsystem > Tt
-— Teo WorkspaceZ
Vi

» cp

L

To Workspaoe

B Tm

i

To WorspaceS

- Pm

C

TaWorspace?

d o 4{' ° o et a o J !
JUT 9.2 wwudtaeunsesitaesiaiuansiinygluinasiie)



ATAKUIN A
Tusunsu Microcontroller PIC16F887

#include <pic.h> // Include header file for MCU
#include <math.h> // Include Math Function
#include <lcd887.h> // Include LCD function
#include <ftoa.h> // Include Float to String
#define _XTAL_FREQ 20000000 // Define Frequency 20.0 MHz for function _ delay ms
__ CONFIG(HS & WDTDIS & LVPDIS); // Config. High speed clock,Disable watchdog and
Disable LVP

/111711 /For ADC///11//

int adcwindspeed=0;

int adcspd=0;

int adccurrent=0;

T 11171

/1////For Solution/////

int windspeed=0;

float pwm1=0;

float pwm2=0;

float spd=0;

float current=0;

float setcurrent=0;

float sumo1=0;

float sumo3=0;

int g=0;

int roly=0,

float startfield=0;

float supportcurrent=0;

int conversestartfield=0;,
L1110

//71///For CP Cal//////

float lambda=0;

float lambdai=0;

float r=0.8;

float omega=0;
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float Tm=0;

float Cp=0.47;

float KFlux=1.76;
s
1111711//For PI//1111/
//Armature//

float error1=0;

float integral1=0;

float dt1=0.0005;

float Kp1=1.2;

float Kil=25;

float outputl=0;

//Field//

float error3=0;

float integral3=0;

float dt3=0.0005;

float Kp3=1.2;

float Ki3=25;

float output3=0;
i

/1111 /For froallll////

int i;

char *sc;
s

void Delay_ms(unsigned int tick)
{

while(tick--) // Loop counter delay time
{

_ delay_ms(1); // Delay 1 ms
!

}

void Cpcalculate()

{
Cp=((0.5176*((116/lambdai)-5)*exp(-21/lambdai)));
Cp=Cp+(0.0068*lambda);
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if(Cp<=0){Cp=0;}

}

void Lamdaicalculate()

{

lambdai=(lambda/(1-(lambda*0.035)));

}

void Tmecalculate()

{

Tm=(((0.5*3.14)*(1.225*Cp)*(r*r)*(windspeed*windspeed*windspeed))/omega);

}

void ADCREAD()

{

//SUB1 : WindSpeed Setting//

ADCONO = 0b11000001; // Select RC Mode, ANSO active, ADON=1 ;;; PIN 2;;;
__delay_us(20); // Wait GODONE = 1; // Start conversion while(GODONE); // Wait until
conversion success adcwindspeed = (ADRESH<<2)+(ADRESL>>6); // Get ADC value
//END of Duty Cycle Setting//

//SUB2 : Current Sensing//

ADCONO = 0b11000101; // Select RC Mode,ANS1 active, ADON=1 ;;; PIN 3;;

_ delay_us(20); // Wait GODONE = 1; // Start conversion while(GODONE); // Wait until
conversion success adccurrent = (ADRESH<<2)+(ADRESL>>6); // Get ADC value
//END of Current Sensing//

//SUB3 : Speed Sensing//

ADCONO = 0b11001001; // Select RC Mode,ANS2 active,ADON=1 :;; PIN 4;;;

_ delay_us(20); // Wait GODONE = 1; // Start conversion while(GODONE); // Wait until
conversion success adcspd = (ADRESH<<2)+(ADRESL>>6); // Get ADC value

//END of Speed Sensing//

}

void piarmature()

{

errorl=setcurrent-current;

integral1=integral1+(error1*dt1);

outputl=(Kp1*errorl)+(Kil*integrall);

}
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void pifield()

{

error3=current-setcurrent;
integral3=integral3+(error3*dt3);
output3=(Kp3*error3)+(Ki3*integral3);
!

void limitvalue()

{
if(pwm1>=255.25){pwm1=255.25;}
if(lowm1<=0}{pwm1=-0.75;}
iflpwm2>=255.25){pwm2=255.25;}
iflpwm2<=160)}{pwm2=160;}

}

void initialtextonlcd()

{

lcd_puts(0x80,"Windspeed:");
lcd_puts(Ox8E,"m/s");
led_puts(0xCO,"Cp:");
lcd_puts(0xC8,"Lambda:");
lcd_puts(0x94,"Is*:"),
led_puts(0x9C,"A");
lcd_puts(0x9E,"ls:");
led_puts(0xA5,"A");
lcd_puts(0xD4,"RotorSpeed:");
lcd_puts(OXES5,"RPM");

}

void checkupdate()

{

if(roly>=100)

{

lcd_puts(0x8B," ");
inttolcd(0x8B,windspeed);
sc=__ftoa(Cp,&i);
lcd_puts(0xC3," ");
lcd_putss(0xC3,s0);
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sc=__ftoa(lambda,&i);

lcd_puts(OxCF," ");

lcd_putss(OxCF,sc);
sc=__ftoa(setcurrent,&);
lcd_puts(0x98," ");

lcd_putss(0x98,sc);
sc=__ftoalcurrent,&i);

lcd_puts(0xAL," "),

lcd_putss(0xAl,sc);

led_puts(OxEOD," ");

inttolcd(0xEOQ,spd);

roly=0;

}

}

void sayhello()

{
lcd_puts(0x80,"WindTurbineSimulator");
lcd_puts(0x9A,"PMC_LAB");
lcd_puts(0xDB,"KMITL");
Delay_ms(2000);
lcd_puts(0x80," );
lcd_puts(0xC0," )
lcd_puts(0x94," )

lcd_puts(0xD4," ");

Delay_ms(500);
lcd_puts(0x80,"Input Armature");
lcd_puts(0xC0,"And Field Voltage");
led_puts(0x94,"at least 220V(DQ)");
led_puts(0xD4,"Start In: Seconds");
lcd_puts(0xDD,"5");
Delay_ms(1000);
lcd_puts(0xDD,"4");
Delay_ms(1000);
lcd_puts(0xDD,"3");
Delay_ms(1000);
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lcd_puts(0xDD,"2");
Delay_ms(1000);
lcd_puts(0xDD,"1");
Delay_ms(1000);
lcd_puts(0x80," ");
led_puts(0xCO," ");
lcd_puts(0x94," "),
lcd_puts(0xDa," "),

}

void fieldstart()

{

lcd_puts(0x80,"Waiting for Field");
lcd_puts(0xCO,"Current...";
for(g=0;g<=255;g+=5)

{

startfield=g;

Delay ms(80);

if(startfield>255.25){startfield=255.25:}

CCPR2L= startfield ;

conversestartfield=(startfield/2.55);

inttolcd(0xCB,conversestartfield);
lcd_puts(0xCE,"%");

}

Delay_ms(1000);

lcd_puts(0x80," "),
lcd_puts(0xC0," );
led_puts(0x94," ");
lcd_puts(0xD4," ");
pwm2=255.2500;

CCPR2L = pwm2;
lcd_puts(0x80,"Turbine Starting.");
Delay_ms(1000);
led_puts(0x91,".");

Delay _ms(1000);
led_puts(0x92,".");
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Delay_ms(1000);

led_puts(0x80," ");

lcd_puts(0x94," );

}

void main()

{

led_init();

TRISAO = 1; // Set RAQ input mode
TRISAL = 1; // Set RAl input mode
TRISA2 = 1; // Set RA2 input mode
ANSO = 1; // Set RAQ analog port
ANS1 = 1; // Set RA1 analog port
ANS2 = 1; // Set RA2 analog port
TRISC1 = 0; // Set RC1 output mode
TRISC2 = 0; // Set RC2 output mode
CCP1CON = 0x0C; // CCP1 PWM mode
CCP2CON = 0x0C; // CCP2 PWM mode
PR2 = OxFF; // Set Period counting

TMRZIF =0; // Ensure Clear overflow flag timer2

T2CON |= 0x00; // Prescaler 1

T2CON |= 0x04; // Start timer2
CCP1CON |= 0x30; // CCP1 PWM mode
CCP2CON |= 0x30; // CCP2 PWM mode
CCPRI1L = -0.25;

CCPR2L = -0.25;

sayhello();

fieldstart();

initialtextonlcd();

while(1){

checkupdate();

ADCREAD();

spd=adcspd*1.95758;
current=adccurrent/84.55;
windspeed=4+(adcwindspeed/127);
omega=(spd/60)*(2*3.14);
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lambda=(omega*r)/windspeed,;
Lamdaicalculate();
Cpcalculate();

Tmcalculate();
supportcurrent=0.7+(0.01*Tm);
setcurrent=(Tm/KFlux)+supportcurrent;
piarmature();

sumol=outputl;
pwml=sumol;

limitvalue();

///PWM Setting///

CCPRIL = pwm1;

//END//

roly++;

}

}
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Set
CCP1CON
CCP2CON =
0x30

Y
CCPRI1L

CCPR2L
=-0.25

Wind
Turbine Simulator
PMCLAB

KMITL

4
Delay_ms(2500)

InputArmature
And Field Voltage
at least 220V(DC)
tart In: 5 Second

A 4

Delay_ms(1000)

InputArmature
And Field Voltage
at least 220V(DC)
tart In: 4 Second

A

Delay_ms(1000)

Y
InputArmature
And Field Voltage
at least 220V(DC)
tart In: 3 Second

Y

Delay_ms(1000)

InputArmature
And Field Voltage
at least 220V(DC)
tart In: 2 Second
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Current

No

Waiting for Field

convertstartfield %

9=g+5

inttolcd(0xCB,
Convertstartfield)

T

convertstartfield
=startfield/2.55

A

CCPR2L=startfield

Yes

Startfield
>255.25

InputArmature
And Field Voltage
at least 220V(DC)
tart In: 1 Second

y

Delay_ms(1000)

Waiting for Field
Current %

Delay_ms(80)

startfield=g

No

g<=255

No

Delay_ms(1000)

I

/ pwm2=255.25 /

CCPR2L=pwm?2

Turbine

Starting

Delay_ms(3000)

Windspeed= m/s
Cp= Lampda=
Is*= Als= A
Rotorspeed= RPM

Y
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Windspeed= m/s
Cp= Lampda=sc
Is*= Als=sc A
Rolorspeed= spd RPM

sc=__ftoa(spd&i)

inttoled(0xEQ,spd)

Windspeed= m/s
Cp= Lampda=sc
Is*= Als=sc A

Rotorspeed= RPM

led_putss(0xC3,sc)

sc=__ftoa(current&i)

Windspeed= m/s
Cp= Lampda=

Delay_ms(3000)

Inttolcd(0x8B,windspeed)

Windspeed= windspeed m/s
Cp= Lampda=
Is*= Als= A
Rotorspeed= RPM

sn=__ftoa(Cpai)

v
led_putss(0xC3,sc)

Windspeed= m/s
Cp=sc Lampda=
Is*= Als= A
Rotorspeed= RPM

sc=__ftoa(Lampdad&i)

Y

lcd_putss(0xC3,sc)

Windspeed= m/s
Cp= Lampda=sc
Is*= Als= A
Rotorspeed= RPM

A

r
sc=__ftoa(setcurrent&i)

y
led_putss(0xC3,sc)

Is*=scAls= A
Rotorspeed= RPM

h 4
ADCCONO =
0b11000001

y

conversion
success
adcwindspeed =
(ADRESH<<2)+
(ADRESL>>6)

r
ADCCONO =
0b11000001

conversion
success
adccurrent =
(ADRESH<<2)+
(ADRESL>>6)

ADCCONO =
0b11000001

v
conversion
success adespd =
(ADRESH<<2)+
(ADRESL>>6)

spd=adcspd*1.95758
current=adccurrent/84.55
windspeed=4+(adcwindspeed/127)
omega=(spd/60)*(2*3.14)
lambda=(omega“r)/windspeed

Y
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lambdai=(lambda/(1-(lambda*0.035)))

|

y

Cp=((0.5176*((116/Nambdai)-5)*exp(-21/lambdai)))

Cp=Cp+(0.0068"lambda)
if(Cp<=0)
{Cp=0}




Tm=(((0.5*3.14)*(1.225"Cp)*(r*r)*(windspeed
*windspeed*windspeed))/omega)

y

supportcurrent=0.7+(0.01*Tm)
setcurrent=(Tm/KFlux)+supportcurrent

v
errori=setcurrent-current
integral1=integral1+(error1*dt1)
output1=(Kp1*error1)+(Ki1*integral1)

Y
sumo1=output1
pwm1=sumo1

A

CCPRI1L = pwm1

Y

roly=roly+1
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L7800
SERIES

POSITIVE VOLTAGE REGULATORS

» OUTPUT CURRENT TO 1.5A

s OUTPUT VOLTAGESOF 5,52, 6,8, 85,9,
12;15; 18, 24V

» THERMAL QOVERLOAD PROTECTION

» SHORT CIRCUIT PROTECTION

= QUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of threederminal positive
regulators is_available in TO-220, TO-220FP,
TO-3 and DPAK packages and several fixed
output voltages, making it useful in a wide range of
applications. These regulators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation
Each type employs Internal current limiting,
thermal shut-down and safe area protection,
making it essentially indestructible If adequate

heat sinking 1s provided, they can deliver over 1A D2PAK 10.3
output current. Although designed primarily as
fixed voltage regulators, these devices can be
used with external components to abtain
adjustable voltage and currents
SCHEMATIC DIAGRAM
\ SERES TPUT
10— PASS 2
ELEMENT
CURRENT i SOA
GEMERATOR PROTECTION
: I
STARTING REFERENCE ERROR
ClRcur VOUTAGE ANPLIFER
| THEAMAL | |
PAGTECTION
1 5

February 2003
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L7800 SERIES

78

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter? Value Unit

v, DC Input Voltage for Vo= 5 to 18V 35 "
for Vo= 20, 24V 40
lo Output Current Interpally Limited
Pt |Power Dissipation Internally Limited
Tetg Storage Temperature Range -65to 150 *C
T Operating Junction Temperature [I‘or L7800 -55 to 150 o
% |Range [for L7800C 0to 150

not implied

THERMAL DATA

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation under these condition is

2/29

Symbol Parameter D2PAK TO-220 TO-220FP TO-3 unit
Rinj-case | Thermal Resistance Junction-case Max 3 5 5 4 “CwW
Rinj-amp | Thermal Resistance Junction-ambient Max 62.5 50 60 35 “CIW
SCHEMATIC DIAGRAM
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L7800 SERIES

CONNECTION DIAGRAM (top view)

[ eSS muvkur b:n ouTAUT
O [ GROUND O [ —————— GROUND
[ NPl ——— NP
cse3710 €505700
TO-220 TO-220FP
7
= DUTPUT
GND m|
——1 INPUT
o
PC11920
D?PAK T0-3
ORDERING CODES
¢ 2 . . v QUTPUT
TYPE TO-220 D2PAK (*) TO-220FP T0-3 VOLTAGE
L7805 178057 5V
L7805C L7805CV L7805CD2T L7805CP L7805CT 5V
L7852C L7852CV L7852CD2T L7852CP L7852CT 5.2V
L7806 L7806T 6V
L7806C L7806CV L7806CD2T L7806CP L7806CT 6V
L7808 L7808T 8V
L7808C L7808CV L7808CD2T L7808CP L7808CT 8V
L7885C L7885CY L7885CD2T 1.7885CP L7885CT 85V
L7809C L7809CV L7809CD2T L7809CP L7809CT 9V
L7812 L7812T 12V
L7812C L7812CV L7812CD2T L7812CP L7812CT 12V
L7815 L7815T 15V
L7815C L7815CV L7815CD2T L7815CP L7815CT 15V
L7818 L7818T 18V
L7818C L7818CV L7818CD2T L7818CP L7818CT 18V
L7820 L7820T 20V
L7820C L7820CV L7820CD2T L7820CP L7820CT 20V
L7824 78247 24V
L7824C L7824CV L7824CD2T L7824CP L7824CT 24V
(*) Available in Tape & Reel with the suffix “TR".
‘7[ 3/29
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L7800 SERIES

APPLICATION CIRCUITS

=

L78XX z—fo
Vi Ci 3 Co Vo
0.33uF OJuF
5-2709/2
TEST CIRCUITS
Figure 1 : DC Parameter
1 2
O—T L78XX
Vi CI 3 CQ Vo
-IE.BBpF OJuF
e 5-2709/2

Figure 2 : Load Regulation

o H Lexx
3
v, ==
033uF
© i ST
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L7800 SERIES

Figure 3 : Ripple Rejection

510 1 2
Vi : 3 RL vy
T
O ; e B )
470uF s-271
120Hz J

ELECTRICAL CHARACTERISTICS OF L7805 (refer to the test circuits, T = -55 to 150°C, V= 10V,
lo =500 mA, C, = 0.33 pF, Co = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. TyYp. Max. Unit
Vo |Qutput Voltage T)=26°C 4.8 5 52 v
Vo |Output Voltage lo=5mAto1A Pg=<15W 4.65 5 635 v

Vi=8to20V

AVg(*) |Line Regulation Vi=7to25V T;=25°C 3 50 mv
Vi=8to12V Ty=25C 1 25

AVp(*) |Leoad Regulation lo=56mAto1.5A Ty=25"C 100 mV
lp = 250 to 750 mA Ty=26°C 25

lg Quiescent Current T, =25C 6 mA

Aly  |Quiescent Current Change |lnp=5mAto 1A 05 mA
Vi=8to 25V 0.8

AV/AT |Output Voltage Drift lg =5 mA 0.6 mv/ffiC

eN Output Noise Voltage B =10Hz to 100KHz Ty=26C 40 HWN g
SVR |Supply Voltage Rejection Vi=8to 18V f=120Hz 68 dB
V4 |Dropout Voltage lg=1A T;=25C 2 25 \
Rg |Output Resistance f=1KHz 17 me
lge Short Circuit Current V=35V T;=25C 076 1.2 A
lscp | Short Circuit Peak Current | T, =26°C 13 22 33 A

(*) Load and line reg
separately. Pulse te:

ion are specified at
sting with low duty cycle is

stant junction t
usad.J "

ture. Changes in V,, due to heating effects must be taken inte account

5/29
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L7800 SERIES

ELECTRICAL CHARACTERISTICS OF L7806 (refer to the test circuits, T; = -55 to 150°C, V|= 11V,

lo =500 mA, C; = 0.33 yF, Cp = 0.1 YF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo [Output Voltage Ty =25°C 576 | 6 | 625 | WV
Vo |Output Voltage lo=5MAto1A Pgs15W 565 6 6.36 Vv

Vi=9to21V
AVg(*) |Line Regulation Vi=8to25V Ty=25°C 60 mV
V=8t 13V Ty=25°C 30
AVg(") |Load Regulatien lop=5mAto15A Ty=26°C 100 mv
lp = 260 to 760 mA T,=25°C 30
Ig Quiescent Current Ty =25°C 6 mA
Alg  [Quiescent Current Change |Ig=5mAto 1A 0.5 mA
Vim9to25V 08

AV/AT |Output Voltage Drift lo =5 mA 0.7 mvVrC

eN | Qutput Noise Voltage B =10Hz to 100KHz T, = 25°C 40 HWWN o
SVR | Supply Voltage Rejection Vi=9to 19V f=120Hz 65 dB
Vg |Dropout Voltage lg=1A Ty=28C 2 25 v
Rp |Output Resistance f=1KHz 19 mQ
lse  [Short Circuit Current =35V T,=25C 0.75 1.2 A
lsep | Short Circuit Peak Current | T = 26°C 1.3 22 33 A

(") Load and line regulation are specified at constant junction temperature, Changes inV,

separately. Pulse testing with low duly cycle is used.

5 due to healing effects must be taken into account

ELECTRICAL CHARACTERISTICS OF L7808 (refer to the test circuits, Ty = -55 to 150°C, V, = 14V,

lo =500 mA, C;=0.33 uF, Co = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max, Unit
Vg |Output Voltage T,=28C 77 8 8.3 v
Vg |Output Voltage lo=5mAto1A Pgs15W 7.8 8 8.4 v

Vi=151t023V
AVp(*) |Line Regulation Vi=105t025V T,=25°C 80 mv
Vi= 11to 17V T;=25°C 40
AVp(*) |Load Regulation lo=56mAto15A Ty=25°C 100 mv
lg = 250 to 750 mA T, = 25°C 40
lg  |Quiescent Current T, =25°C 6 mA
Alg  |Quiescent Current Change |lg=5mAto1A 0.5 mA
Vi=115t025V 0.8

AV/AT |Output Voltage Orift lo =5 mA 1 mvrc

eN [Output Nalse Voltage B =10Hz to 100KHz T,=25°C 40 | pVNg
SVR |Supply Voltage Rejection |V, = 11.5t0215V f= 120Hz 62 dB
Vq |Dropout Voltage lo=1A T,=25°C 2 2.5 v
Rg |Output Resistance f=1KHz 16 mi)
lse  |Short Circuit Current Vi=385V T =25C 075 | 12 A
lsep | Short Circuit Peak Current [T, = 25°C 1.3 22 3.3 A

{*) Load and line regulation are specified atcmﬁanl lundlcn temperature. Changesin V., due to heating effects must be taken into account
separately. Pulse testing with low duty cycle Is used.

6/29
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L7800 SERIES

ELECTRICAL CHARACTERISTICS OF L7812 (refer to the test circuits, T, = -55 to 150°C, V| = 19V,
lo = 500 mA, C = 0.33 UF, Co = 0.1 uF unless otherwise specified),

Symbol Parameter Test Conditions Min. | Typ. Max. Unit
Vo |Output Voltage Ty =25'C 1.5 12 12.5 v
Vo Qutput Voltage lg=5mAto1A Pgs15W 11.4 12 126 v

Vi=155t027 V

AVg(") [Line Regulation Vi=145t030 V T,=26°C 120 mv
Vi=16t0 22V T,=26"C 60

AV(*) |Load Regulation lp=5mAto 15A T,=26° 100 mv
lp = 250 to 760 mA T,=25C 60

lg Quiescent Current T, =25°C 6 mA

Alg  [Quiescent Current Change |l =5mAto1A 0.5 mA
Vi=15t0 30V 08

AVo/AT [Output Voltage Drift lo=5mA 1.5 mvFEC

eN Output Noise Voltage B =10Hz to 100KHz Ty=26°C 40 N
SVR |Supply Voltage Rejection [V, = 15t0 25V f=120Hz 61 dB
Vg |Dropout Voltage lo=1A Ty=26°C 2 25 v
Ro |Output Resistance f=1KHz 18 méd
lge | Short Circuit Current Vi=35V  T,;=25C 0.75 1.2 A
lscp | Short Circuit Peak Current | T, = 25°C 1.3 22 33 A

(*) Load and fine regulation are specified at constant junction lemperature, Changesin V., due to heating effects must be taken into account
separately. Pulse tesling with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7815 (refer to the test circuits, Ty = -55 to 150°C, V| = 23V,
lo = 500 mA, C; = 0.33 uF, Cq = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Yo Output Voltage T, =25C 14.4 15 15.6 vV
Vo Qutput Voltage log=5mAto1A Pgs15W 14.25 15 15.75 v

Vi=185t0 30V
AVp(*) |Line Regulation Vi=175t 30V T,=28C 150 mv
V=20t 26V Ty =25°C 76
AVp(*) |Load Regulation lo=6mAto15A Ty=25°C 150 mv
lo =250 to 750 mA Ty=26° 75
lg Quiescent Current T, =25°C 6 mA
Alg  [Quiescent Current Change |lo=5mAto 1A 05 mA
Vi=1851t030 V 0.8

AV/AT [Output Voltage Drift lo =5 mA 1.8 my/°'C

eN Output Noise Voltage B =10Hz to 100KHz T,;=25°C 40 UVAN g
SVR |Supply Voltage Rejection |V;= 18510 28.5V f=120Hz 60 dB
Vg  |Dropout Voltage lg=1A Ty=25C 3 2.5 v
Rp  [Output Resistance f=1KHz 19 me2
lsc  |Short Circuit Current V=36V T =25C 0.75 1.2 A
lsep  |Short Circult Peak Current | T; = 25°C 1.3 22 33 A

(*) Load and fine regulation are specified at constant junclion temperature. Changes in V., due ta heating effects must be taken into account
separately. Pulse testing with low duty cycle Is used.

&r
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L7800 SERIES

ELECTRICAL CHARACTERISTICS OF L7818 (refer to the test circuits, T, = -55 to 150°C, V| = 26V,
lp = 500 mA, C) = 0.33 yF, Cg = 0.1 yF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |Output Voltage T =25°C 17.3 18 18,7 v
Vo Output Voltage lg=5mAto1A Pgs15W 171 18 18.9 Vv

Vi=22t033V

AVq(*) [Line Regulation Vi=21t033V Ty=25°C 180 mV
Vi=24t030V Ty = 25°C 90

MVo(") [Load Regulation lo=5mAto15A Ty=25°C 180 mv
lg = 250 to 750 mA Ty=25'C 90

lg  |Quiescent Current Ty=25°C 6 mA

Alg  |Quiescent Current Change |lg=5mAto1A 0.6 mA
V=22t0 33V 0.8

AV/AT |Output Voltage Drit Io=5mA 2.3 mvFC

eN Output Noise Voltage B =10Hz to 100KHz Ty=25°C 40 HWNg
SVR |Supply Voltage Rejection |V,=22to 32V f=120Hz 59 dB
Va |Dropout Voitage lo=1A Ty=25°C 2 2.5 N
Ro  |Output Resistance f=1KHz 22 me
lgc  [Short Circult Current V=35V  T,;=25C 0.75 12 A
lsep | Short Circuit Peak Current |T, = 26°C 1.3 22 33 A

(*) Load and line regulation are specified at constant junction temperature, Changes in V., due o healing effects must be taken into account

separately. Pulse tesling with low duly cycle is used.

ELECTRICAL CHARACTERISTICS OF L7820 (refer to the test circuits, T = -55 to 150°C, V=28V,
lo =500 mA, C; =0.33 uF, Cg = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo  |Output Voltage T, =25°C 19.2 20 208 V'
Vo |Output Voltage lo=6mAto 1A  Pgs 15W 19 20 21 v

Vi=241t035V
AVo(*) |Line Regulation Vi=225t035V Ty=25C 200 mv
Vi=261032V T;=25°C 100
AVo(*) |Load Regulation lo=5mAto 1.5A Ty=26°C 200 mv
lp =250 to 750 mA Ty=25°C 100
ly  |Quiescent Current T)=25°C 6 mA
Aly  |Quiescent Current Change |lg=5mAto 1A 05 mA
Vi=24t0 35V 0.8

AV/AT |Output Voltage Orift lo=5mA 25 mv/rc

eN  |Output Noise Voltage B =10Hz to 100KHz T,=25°C 40 uVN g
SVR  |Supply Voltage Rejection |V, =241t0 35V f=120Hz 58 dB
Vg  [Dropout Voltage lo=1A Ty=28°C 2 2.5 v
Rgp |Output Resistance f=1KHz 24 mQ
lse  |Short Circuit Current Vi=36V T =26C 075 | 1.2 A
lsp | Short Circuit Peak Current [T, = 25°C 1.3 2.2 3.3 A

(*) Load and line regulation are specified at constant junction temperature. Changes in V,; due to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.

8129
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L7800 SERIES

ELECTRICAL CHARACTERISTICS OF L7824 (refer to the test circuits, T; = -55 to 150°C, V= 33V,
lop =500 mA, C;=0.33 pF, Co = 0.1 UF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max, Unit
Vo |OQutput Voltage Ty =25°C 23 24 25 Vv
Vo |Cutput Veltage lo=5mAto1A Pg<15W 228 24 25.2 v

V)=28t038V
AVg(") |Line Regulation V)=27t0 38V T,=25°C 240 mv
V=30t 36V Ty=25C 120
AVg(") |Load Regulation lo=6mAto15A Ty=25°C 240 mVv
Io = 250 to 750 mA Ty=26°C 120
lg Quiescent Current Ty =25C 6 mA
Alg  |Quiescent Current Change |lo=5mAto 1A 0.5 mA
V)= 2810 38V 0.8

AV/AT [Output Voltage Drift lo =5 mA 3 mVFC
eN Output Noise Voltage B =10Hz to 100KHz T, =25C 40 HVNg
SVR |Supply Voltage Rejection |V, =2810 38V f=120Hz 56 dB8
Vg |Dropout Voltage log=1A Ty=25C 2 25 v
Rg |Output Resistance f=1KHz 28 mi2
lge  |Short Circuft Current V|=35V T;=25C 0.75 12 A
lsep | Short Circuit Peak Current | T, = 25°C 1.3 22 33 A

(*) Load and fine regulation are specified at constant junction temperature. Changes in V,;, due lo heating effects must be taken into account
separately. Pulse tesling with low duly cycle is used. ;

ELECTRICAL CHARACTERISTICS OF L7805C (refer to the test circuits, T, = -55 to 150°C, V= 10V,
lo =500 mA, C,; = 0.33 yF, Cg = 0.1 uF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max, Unit
Vo Output Voltage Ty =2%°C 4.8 5 52 \
Vo |Output Voltage lo=6mAto1A Pgys15W 4.75 5 525 v

Vi=7to20V
AVp(*) |Line Regulation Vi=7Tto25V Ty=25C 3 100 my
Vi=8to 12V Ty=25C 1 50
AVg(*) |Load Regulation lo=5mAto15A Ty=26C 100 mv
lg = 250 to 750 mA Ty=26'C 50
Ig Quiescent Current Ty =25°C 8 mA
Alg  |Quiescent Current Change [lo=5mAto 1A 05 mA
Vi=7t025V 0.8

AV/AT |Output Voltage Drift lo =5 mA -1.1 mvrc

eN Output Nolse Voltage B =10Hz to 100KHz T, =25°C 40 N
SVR |Supply Voltage Rejection |V =8to 18V f=120Hz 62 dB
Vg |Dropout Voltage lo=1A Ty=25C 7 A
Rg |Output Resistance f=1KHz 17 me
lsc | Short Circuit Current V=36V T =26C 0.75 A
lsep  |Short Circult Peak Current [T, = 25°C 22 A

(“) Load and line regulation are specified at constant junction temperature. Changes in V,, duae to heating effects must be taken into account
separately. Pulse testing with low duty cycle is used.
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L7800 SERIES

ELECTRICAL CHARACTERISTICS OF L7852C (refer to the test circuits, T; = -55 to 150°C, V= 10V,
lo =500 mA, C, = 0.33 uF, Co = 0.1 uF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo  |Output Voltage T, =25°C 5.0 52 5.4 v
Vo Output Veltage lo=5mAto1A Pgs15W 4.95 52 5.45 v

Vi=8to20V
AVg(*) [Line Regulation Vi=7t025V T =26°C 3 105 | mv
Vi=8to12V T;=285C 1 52
AVg(*) [Load Regulation lg=5mAto16A Ty=25°C 105 my
Io = 250 to 750 mA T;=25°C 62
Ig Quiescent Current Ty=25C 8 mA
Alg  |Quiescent Current Change [lg=5mAto1A 0.5 mA
V=7t 25V 1.3

AVo/AT |Output Voltage Drift Io=5mA -1 mV/FC

eN  |Output Noise Voltage B =10Hz to 100KHz Ty=25°C 42 HWWNg
SVR |Supply Voltage Rejection |V, =8to 18V f=120Hz 61 dB
Vg  |Drepout Voltage lo=1A Ty=28C 2 A
Rg |Output Resistance f=1KHz 17 me
lgc |Short Circuit Current V=35V T,=25C 0.75 A
lsep | Short Circuit Peak Current |T, = 25°C 22 A

(*) Load and line regulation

are i at
separately. Pulse testing with low duty cycle is used.

junction temp

ture. Changes in V, due to heating effects must be taken into account

ELECTRICAL CHARACTERISTICS OF L7806C (refer to the test circuits, Ty = -55 to 150°C, V, = 11V,
lg = 500 mA, C; = 0.33 pF, Cp = 0.1 F unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |Output Voltage T, =26°C 5.75 6 6.25 v
Vo  [Output Voltage lo=5mAto1A  Pp<15W 6.7 6 6.3 v

Vi=8to21V
AVo(*) [Line Regulation Vi=8to25V Ty=25°C 120 mv
Vi=9to 13V T, = 25°C 60
AVg(*) |Load Regulation lo=5mAto15A Ty=25C 120 mv
lo = 250 to 750 mA T,=25°C 60
lg Quiescent Current Ty=25'C 8 mA
Mg [Quiescent Current Change [log=5mAto1A 05 mA
Vi=8to25V 1.3
AV/AT |Output Voltage Drift Io = 5mA -0.8 mv/°C
eN  |Output Noise Voltage B =10Hz to 100KHz T;=28C 45 WWNg
SVR |[Supply Voltage Rejection  [V;=9to 19V f=120Hz 59 dB
Vg |Dropout Voltage lg=1A Ty=25°C 2 v
Rg |Output Resistance f=1KHz 19 m
lse  |ShortCircuit Current V=35V T,=25C 0.55 A
lsep | Short Circuit Peak Current |T, =25°C 22 A
(*) Load and line regulati L] ified at junction temperature. Changes in V.; due to healing effects must be taken into account

ar
separately Puise testing with

10/29
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L7800 SERIES

ELECTRICAL CHARACTERISTICS OF L7808C (refer to the test circuits, T, = -55 to 150°C, V= 14V
lo = 500 mA, C = 0.33 UF, Co = 0.1 UF unless otherwise specified).

Symbol Parameter Test Condltions Min. Typ. Max. Unit
Vo |Output Voltage T, =25°C 7.7 8 8.3 v
Vo |Output Voltage lo=5mAto 1A Pys18W 76 8 8.4 v

Vi=106t025 Vv
AVg(") |Line Regulation Vi=106t025 Vv Ty=25C 160 mV
Vi=11to 17 Vv T,=25C 80
AVo(") [Load Regulation lo=5mAto15A T, = 25°C 160 mv
lg = 250 to 750 mA Ty=25C 80
lg Quiescent Current Ty =256°C 8 mA
Alg  |Quiescent Current Change (I =56mAto 1A 0.6 mA
Vi=105t025V 1

AV/AT |Output Voltage Drift lo =5 mA -0.8 mv/C

eN  |Output Noise Voltage B =10Hz to 100KHz Ty=28C 52 HWWN g
SVR |Supply Voltage Rejection |V, = 11.5t021.56V f=120Hz 56 dB
Vg |Dropout Voltage lg=1A T,=26C 2 \
Ro |Output Resistance f=1KHz 16 mQ
lge  |Short Circuit Current V=35V T =25C 0.45 A
lsep  [Short Circuit Peak Current [T, = 25°C 22 A

(*) Load and fine regulation are specified at constant junctien temperature, Changesin V,; due lo healing effects must be taken into account
separalely. Pulse tesling with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7885C (refer to the test circuits, Ty=-5510150"C, V| = 14.5V
lo =800 mA, C = 0.33 uF, Cg = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vo |Output Voltage T, =25°C 8.2 8.5 8.8 v
Vg  |Qutput Voltage lo=5mAte1A PgsisW 8.1 8.5 8.9 \

Vi=11t0 26V
AVp(*) |Line Regulation Vi=1to27V Ty=25C 160 my
V=115t 17.5V Ty=25C 80
AVg(") [Load Regulation lo=5mAto16A T = 2655C 160 mv
lo = 250 to 750 mA Ty=25°C 80
lg Quiescent Current T;=25°C 8 mA
Alg  |Quiescent Current Change [lg=5mAto 1A 0.5 mA
Vi=11to 27V 1
AV/AT |Output Voltage Drift lg=5mA -0.8 mv/iC
eN  |Output Noise Voltage B =10Hz to 100KHz T,=25°C 55 BN
SVR |Supply Voltage Rejection |V, = 12t0 22V t=120Hz 56 dB
V4 |Dropout Volitage lg=1A Ty=25C 2 v
Rg  |Output Resistance t=1KHz 16 mQ
lye  [Short Circuit Current V=3V T =25C 0.45 A
lsep | Short Circult Peak Current [T, = 25°C 22 A
(*) Load and line regulati ified at junction Changes in V, due to healing effects must be taken into account

separately. Pulse testi

&7

) are sp
ng with low duty cycle is used
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L7800 SERIES

ELECTRICAL CHARACTERISTICS OF L7809C (refer to the test circuits, T; = -56 to 150°C, V| = 15V,
lo =500 mA, C; = 0.33 pF, Cg = 0.1 YF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo [Output Voltage T, =25°C 8.65 9 9.35 v
Vo Output Voltage lo=5mAto1A Pgs 15W 8.55 9 9.45 v

Vi= 1151026V
AVg(*) [Line Regulation Vi=115t026V T,=25C 180 mv.
Vi=12t0 18V Ty=26°C 90
AVg(*) |Load Regulation lo=5mAto1.6A Ty=25°C 180 my
lg = 250 to 750 mA T,;=28C 90
lg  |Quiescent Current Ty =25°C 8 mA
Alg  |Quiescent Current Change |Ig=5mAto1A 0.5 mA
Vim 11.6t0 26 V 1
AV/AT |[Output Voltage Drift Io =5 mA E] mVFC
eN  [Output Noise Voltage B =10Hz to 100KHz Ty=25°C 70 W o
SVR  [Supply Voltage Rejection [V, = 12to 23 V f=120Hz 55 dB
Vg  [Dropout Voltage lo=1A Ty=25C 2 v
Rp |Output Resistance f=1KHz 17 me
lge  |Short Circuit Current V=35V  T,=25°C 0.40 A
lsep | Short Circuit Peak Current [T, =25°C 22 A
(*) Load and line regul; d at tant junction lemperature, Changes in V,;, due to healing effects must be taken into account

tion are specifi
separately. Pulse testing with low duly cycle is used.

ELECTRICAL CHARACTERISTICS OF L7812C (refer to the test circuits, T; = -55 to 150°C, V, = 19V,
lo =500 mA, C; = 0.33 uF, Cg = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage T;=25C 11.5 12 12.5 v
Vo Output Voltage lo=5mAto1A Pgs 15W 11.4 12 126 v

Vi= 1451027 V
AVo(*) |Line Regulation Vi=145t030V T;=26"C 240 mv
Vi=16to 22V Ty=25°C 120
AVp(*) |Load Regulation lo=5mAto15A T;=25°C 240 mv
lg =250 to 750 mA Ty=26°C 120
lg  |Quiescent Current Ty =25°C 8 mA
Alg  |Quiescent Current Change |lo=5mAto1A 05 mA
Vi=145t030 V 1
AV/AT |Output Voltage Drift lg = 5 mA -1 mvrC
eN  |Output Noise Voltage B=10Hz to 100KHz Ty=26°C 75 N
SVR |Supply Voltage Rejection Vi=15t0 25V f=120Hz 55 dB
Vg | Dropout Voltage lg=1A Ty=25C 2 v
Rg |Output Resistance f=1KHz 18 me2
lse  |Short Circult Current V=36V T =25C 0.35 A
lsep | Short Circult Peak Current | T, = 25°C 22 A

(*) Load and line regulation are specified at constant junction temperature. Changesin V., due to heating effects must be taken inlo account
separately. Pulse testing with low duty cycle is used.
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ELECTRICAL CHARACTERISTICS OF L7815C (refer to the test circuits, T, = -55 to 150°C, V, = 23V,
lp =500 mA, C; = 0.33 pF, Cg = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vo Qutput Voltage Ty=25°C 14.5 15 15.6 v
Vo Output Voltage lo=5mAto1A Pg<15W 14.25 15 15.75 v

Vi=175t030V
AVo(*) |Line Regulation Vi=175t030 V T, =25C 300 mv
Vi=20to 26V Ty;=25C 150
AVg(") [Load Regulation lo=5mAto15A Ty = 25°C 300 mv
lg = 250 to 750 mA Ty=25°C 180
lg Quiescent Current T)=26°C 8 mA
Alg  |Quiescent Current Change [lg=5mAto1A 0.5 mA
V= 1761030 V 1

AV/AT |Qutput Voltage Drift lg =5 mA -1 mvVFC

eN  |Output Noise Voltage B =10Hz to 100KHz Ty=26C 90 HVN g
SVR |Supply Voltage Rejection [V, = 18.5to28.5V f=120Hz 54 dB
Vg |Dropout Voltage lo=1A Ty=25C 2 v
Ro |Output Resistance t=1KHz 19 ma
lge  [Short Circuit Current V=38V  T,;=25C 0.23 A
lsep  |Short Circuit Peak Current [T, =25°C 232 A

(") Load and line regulation are specified at constant junction lemperature, Changes in V., due (o healing effects must be taken into account
separately. Puise testing with low duly cycle is used.

ELECTRICAL CHARACTERISTICS OF L7818C (refer to the test circuits, T, = -55 to 150°C, V| = 26V,
lg =500 mA, C; =0.33 yF, Cg = 0.1 uF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo  |Output Voltage T,=25°C 17.3 18 18.7 v
Vo |OutputVoltage lo=6mAto1A Pgs 15W 171 18 18.9 v

Vi=21t033V
AV(*) |Line Regulation Vi=21t033V T,=25C 360 my
Vi=24t0 30V Ty=25C 180
AV(*) |Load Regulation lo=5mAto15A Ty=25°C 380 mv
lg = 250 to 750 mA Ty=25C 180
lg  |Quiescent Current Ty =25°C 8 mA
Alg  |Quiescent Current Change [lo=6mAto1A 05 mA
Vi=21t033V 1

AV/AT |Output Voltage Drift lo = 5 mA -1 mvrc

eN |Output Noise Voitage B =10Hz to 100KHz Ty=25°C 110 HVN o
SVR |Supply Voltage Rejection |V, =22t032V f=120Hz 53 daB
Vg |Dropout Voltage log=1A Ty=25C 2 v
Rg  [Output Resistance f=1KHz 22 m
lae Short Circuit Current V=35V Ty=25°C 0.20 A
lsep  [Short Circuit Peak Current [T, =25°C 241 A

(*) Load and line regulation are specified at cunst?dl Junction temperature. Changesin V,, due to healing effects must be taken into account

separately. Pulse testing with low duly cycle is used.

&7
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L7800 SERIES

ELECTRICAL CHARACTERISTICS OF L7820C (refer to the test circuits, T, = -55 to 150°C, V, = 28V,
lo = 500 mA, C; = 0.33 UF, Cp = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |Output Voltage T, =25°C 192 | 20 | 208 %
Vo |Output Voltage lo=5mAto 1A Pg=s 15W 19 20 21 v

Vi=23t0 35V
AVo(*) |Line Regulation Vi=225t035V T;=25C 400 mv
Vi=26t0 32V Ty=25"C 200
AVo(") [Load Regulation lp=5mAto15A Ty=26°C 400 mv
I = 250 to 750 mA Ty=26°C 200
lg Quiescent Current Ty =25°C 8 mA
Aly  |Quiescent Current Change |lo =5 mAto 1A 05 mA
Vi=23t0 35V 1
AV/AT [Output Voltage Drift lo =5 mA -1 mVFC
eN  |Output Noise Veltage B =10Hz to 100KHz Ty=25C 150 WA
SVR |Supply Voltage Rejection [V,=24to 36V f=120Hz 52 dB
Vg |Dropout Voltage lo=1A Ty=25°C 2 v
Rg [Output Resistance f=1KHz 24 mix
lge Short Circuit Current V)=35V Ty=25C 0.18 A
lsep | Short Circuit Peak Current [T =26°C 2.1 A

(") Load and fine regulation are specified at constant junction temperature, Changesin V,; due lo heating effects must be taken into account

separately. Pulse testing with low duty cycle is used.

ELECTRICAL CHARACTERISTICS OF L7824C (refer to the test circuits, Ty = -55 to 150°C, V| = 33V,
lop =500 mA, C; = 0.33 pF, Co = 0.1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo |Output Voltage T, =25°C 23 24 25 v
Vo |Output Voltage lo=5mAto1A  Pgs15W 22.8 24 25.2 v

Vi=27Tt0 38V
AVo(*) |Line Regulation Vi=27t0 38V Ty=25C 480 mv
Vi=30to 36V Ty=25°C 240
AVp(*) |Load Regulation lo=5mAto15A Ty=25C 480 mv
lg = 250 to 750 mA Ty=28C 240
lg Quiescent Current Ty=25°C 8 mA
Alg  |Quiescent Current Change |lg=5mAto 1A 0.5 mA
Vi=27to 38V 1

AV/AT |Output Voltage Drift lo=5mA -1.5 mv/iiC

eN |Output Noise Voltage B =10Hz to 100KHz Ty;=25°C 170 UVN
SVR [Supply Voltage Rejection  [V;=28t0 38V f=120Hz 50 dB
Vg |Dropout Voltage lg=1A T;=25C 2 Vv
Rp |Output Resistance f=1KHz 28 mQ
lse  [Shert Circult Current Vi=35V  T;=25C 0.15 A
lsep  |Short Circult Peak Current [T, = 25°C 24 A

(*) Load and fine regulation are specified at constant junclion temperature. Changes in V,, due to heating effects must be taken inlo account
separately. Pulse testing with low duly cycle is used.

14/29

&7

90



L7800 SERIES

Figure 4 : Dropout Voltage vs Junction
Temperature
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Figure 5 : Peak Output Current vs Input/output
Differential Voltage
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Figure 6 : Supply Voltage Rejection vs
Frequency
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Figure 7 : Output Voltage vs Junction
Temperature
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Figure 9 : Quiescent Current vs Junction
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Figure 10 : Load Transient Response Figure 12 : Quiescent Current vs Input Voltage
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Figure 11 : Line Transient Response
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Figure 13 : Fixed Output Regulator
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NOTE:

1.To specify an output voltage, substitute voltage value for "XX*,

2. Although no output capacitor is need for stability, it does improve transient response,
3. Required if regulator s [ocate an appreciable distance from power supply filter.
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L7900
SERIES

NEGATIVE VOLTAGE REGULATORS

OUTPUT CURRENT UP TO 1.5A
OUTPUT VOLTAGES OF -5; -5 2; -6, -8; -0;
-12; -15; -18; -20; -22; -24V

» THERMAL OVERLOAD PROTEGTION

» SHORT CIRCUIT PROTECTION

» OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7900 series of three-terminal negative
regulators is_available in TO-220, TO-220FP,
TO-3 and D°PAK packages and several fixed
output voltages, making it useful in a wide range of
applications. These regulators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation;
furthermore, having the same voltage option as
the L7800 positive standard series, they are
particularly suited for split power supplies. In
addition, the -5.2V is also available for ECL
system. If adequate heat sinking is provided, they
can deliver over 1.5A output current,

Although designed primarily as fixed voltage
regulators, these devices can be used with
external components to obtain adjustable voltages
and currents.

SCHEMATIC DIAGRAM

L NN

TO-220 TO-220FP

D2PAK TO-3

February 2003
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L7900 SERIES

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter? Value Unit
¥ DC Input Voltage forVg = 5to 18V -35 v
! for Vo = 20, 24V -40
lo Output Current Internally Limited
Prot Power Dissipation Internally Limited
Tag Storage Temperature Range -65 to 150 “C
Top Operating Junction Temperature Range Oto 150 T
A&solutle::’llaldmum Ratings are those values beyond which damage to the device may occur. Functional operation under these condition is
not impli
THERMAL DATA
Symbol Parameter D2PAK TO-220 TO-220FP TO-3 Unit
Rinjcase |Thermal Resistance Junction-case Max 3 3 ] 4 “CIW
Ripj.amb | Thermal Resistance Junction-ambient Max 62,5 50 60 35 “CIW
CONNECTION DIAGRAM (top view)
[———olrpuT [ —————— oursur
O —TCT O e
[ GROUND [y SRIUND
cs12740 6512780
TO-220 TO-220FP
S
——1 QUTPUT
INPUT 1
=41 GND
Famy
PC11970
D2PAK

216
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L7900 SERIES

ORDERING CODES

TYPE TO-220 D2PAK ") TO-220FP TO-3 CQUTPUT VOLTAGE
L7905C L7905CV L7905ACD2T L7905CP L7905CT 5V
L7952C L7852CV L7952ACD2T L7952CT -5.2V
L7906C L7906CV L7906ACD2T L7906CP L7906CT -6V
L7908C L7908CV L7908ACD2T L7908CP L7908CT -8V
L7912C L7912CV L7912ACD2T L7912CP L7912CT -12V
L7916C L7915CV L7915ACD2T L7915CP L7915CT -16V
L7918C L7918CV L7918ACD2T L7918CP L7918CT -18V
L7920C L7920CV L7920ACD2T L7920CP L7820CT -20V
L7922C L7922CV L7922ACD2T L7922CT -22V
L7924C L7924CV L7924ACD2T L7924CP L7924CT ~24 V

(*) Available in Tape & Reel with the suffix “TR".
TEST CIRCUIT

=

2.2 pF IuF
ko |@ °
- 3 2
Vi L79XX 0 Ya
S~5036/1

ELECTRICAL CHARACTERISTICS OF L7905C (refer to the test circuits, T; = 0 to 125°C, V, = -10V,
lo =500 mA, C| = 2.2 uF, Cq = 1 YF unless otherwise specified).

Symbol Parameter Test Conditions Min, Typ. | Max. Unit
Vg |Output Voltage T, =26°C -4.8 -5 -5.2 v
Vo Output Voitage lg=-5mAto-1A Pg<15W -4.75 -5 -5.25 v

Vi=8t20V
AVg(*) |Line Regulation Vi=-Tto-25V Ty=25C 100 mv
V=-8to-12V Ty=25°C 50
AV(*) |Load Regulation lo=6mAto1.5A T,=28C 100 mv
lg = 260 to 750 mA Ty;=25C 50
lg  [Quiescent Current Ty =26°C 3 mA
Alg  |Quiescent Current Change |lo=5mAto1A 05 mA
Vi=-8to-25V 1.3
AV/AT |Output Voltage Drift lg =5 mA 0.4 mv/°C
eN  |Qutput Noise Voltage B=10Hz to 100KHz T,=25°C 100 v
SVR [Supply Voltage Rejection AV =10V = 120Hz 54 60 dB
Vg |Dropout Voltage lo=1A T)=25C AV =100 mV 1.4 v
lge | Short Circuit Current 21 A

(*) Load and line regulation are specified at constant junction temperature. Changes in V¢, due to heating effects must be taken inta account
separately. Pulse testing with low duly cycle is used.
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L7900 SERIES

ELECTRICAL CHARACTERISTICS OF L7952C (refer to the test circuits, T; = 0to 125°C, V| = =10V,
lo =500 mA, C = 2.2 uF, Cg =1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vo |Output Voltage Ty =28°C 50 | 52 | -54 v
Vo |Output Voltage lo=-5mAto-1A Po<15W -495 [ -52 | -5.45 v

Vi=-8to-21V
AVg(*) [Line Regulation Vi=-8t0-25V T,=25C 105 mvV
Vi=-8to-12V Ty=25°C 52
AVg(*) |Load Regulation lo=6mAto15A Ty =26°C 105 mv
lp = 250 to 750 mA Ty =26°C 52
lg  |Quiescent Current Ty =25C 3 mA
Alg  |Quiescent Current Change [lg=5mAto 1A 05 mA
Vi=-9t0-25V 13
AVG/AT [Output Voltage Drift Io =5 mA 05 mvFrC
eN |Output Noise Voltage B = 10Hz to 100KHz Ty=25°C 126 nv
SVR [Supply Voltage Rejection AV =10V = 120Hz 54 60 dB
Vg  |Dropout Voltage lo=1A Ty=25C  AVg=100mV 1.4 v
lse  |Short Circult Current 2 A

(*) Load and line regulation are specified at constant junction temperature. Changes in V, due lo heating effects must be taken into account
separately. Pulse testing with low duty cycle is used,

ELECTRICAL CHARACTERISTICS OF L7906C (refer to the test circuits, T, = 0to 125°C, V, = -11V,
lo =500 mA, C; =22 uF, Cg =1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vg |Output Voltage T, =25°C -5.75 -6 -6.26 v
Vg [Output Voltage lo=-6mAto-1A Pg<i15W 5.7 6 -6.3 v

V| =-95%0-215V
AVg(") |Line Regulation Vi=-85t0-26V Ty=25°C 120 myv
Vi=-81t0-15V Ty=26°C 60
AVo(*) |Load Regulation lo=6mAto15A T,=25C 120 my
lo = 250 to 750 mA Ty=25C 60
lg  |Quiescent Current Ty =25°C 3 mA
Alg  [Quiescent Current Change |lg=5mAto 1A 05 mA
Vi=-95t0-25V 13
AV/AT [Output Voltage Drift lo =58 mA -06 mv/C
eN [Output Noise Voltage B = 10Hz to 100KHz Ty=25°C 144 nY
SVR |Supply Voltage Rejection  |AV; =10V t= 120Hz 54 60 dB
Vg |Dropout Voltage lo=1A Ty=25°C AV =100 mV 1.4 \
lsc  |Short Circuit Current 2 A

(*) Load and line regulati ifi junction lemperature, Changesin V, due to heating effects must be taken into account

separately, Pulse test

4/16
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L7900 SERIES

ELECTRICAL CHARACTERISTICS OF L7908C (refer fo the test circuits, T; = 0to 125°C, V= -14V,
lp =500 mA, C) = 2.2 PF, Co = 1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo  |Output Voltage Ty =25°C -1.7 -8 -8.3 v
Vo |Output Voltage lg=-5mAto-1A Pgs15W 1.6 -8 -8.4 Y

Vi=-11.5t0-23V
AV(*) [Line Regulation Vi=-1051t0-25 Vv Ty=25"C 160 mv
Vi=-11t0-17V T;=25°C 80
AVo(*) [Load Regulation lo=6mAto15A T;=25°C 160 mv
Io = 250 to 750 mA T;=25°C 80
lg Quiescent Current Ty =25C 3 mA
Alg  |Quiescent Current Change [lg=5mAto 1A 0.5 mA
Vim-116t0-26V 1
AVo/AT [Output Voltage Drift lo =5 mA -0.6 mvFC
eN Output Noise Voltage B = 10Hz to 100KHz Ty=25C 175 nv
SVR |Supply Voltage Rejection  [AV,= 10V = 120Hz 54 60 dB
Vg  |Dropout Voltage lo=1A Ty=25°C  AVgo =100 mV 1.1 Vv
lse | Short Circult Current 1.5 A

(*) Load and line regulation are specified at constant junction temperature. Changesin Vi, due fo healing effects must be taken into account
separately. Pulse testing with low duly cycle is used.

ELECTRICAL CHARACTERISTICS OF L7912C (refer to the test circuits, T) = 0t0 125°C, V, = -18V,
lo =500 mA, C, = 2.2 yF, Cy = 1 pF unless otherwise specified),

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vg  |Output Voltage T, =26°C N5 | 12 | 125 Y
Vo Output Voltage lo=-5mAto-1A Pgsi1sW -11.4 -12 -12.6 v

Vi=-155t0-27V
AVg(") |Line Regulation Vi=-145t0-30 V Ty=25°C 240 mV
V=160 -22V T, =25C 120
AVp(*) |Load Regulation lo=6mAto1.5A Ty=25°C 240 mv
Io = 250 to 750 mA Ty = 25°C 120
lg Quiescent Current T, =25°C 3 mA
Alg  [Quiescent Current Change |lp=5mAto1A 05 mA
V| =-151t0-30 V 1
AVo/AT [Output Voltage Drift lo =58 mA -0.8 mv/i°C
eN  |Qutput Noise Voltage B = 10Hz to 100KH2 Ty=25C 200 Hv
SVR |Supply Voltage Rejection AV =10V = 120Hz 54 60 dB
Vg |Dropout Voltage lo=14A Ty=265°C  AVg=100mV 1.1 v
lse  [Short Circuit Current 15 A

(*) Load and line regulation are specified al constant junction temperature. Changes in V, due to healing effecls must be taken into account
separately. Pulse testing with low duty cycle Is used.

516
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L7900 SERIES

ELECTRICAL CHARACTERISTICS OF L7915C (refer to the test circuits, T; = 0to 125°C, V, = -23V,
lo =500 mA, C) = 2.2 JF, Co=1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vo |Output Voltage Ty =26°C -14.4 -15 -156.6 Vv
Vo |Qutput Voltage lo=-5mAto-1A Pos15W -14.3 -15 -15.7 v

V=-185to-20 V
AVg(*") |Line Regulation Vi=-1751t0-30V T;=25C 300 mv
Vi=-20t0-26 V T;=25C 150
AVg(") |Load Regulation lo=6mAto1.5A Ty=25°C 300 mv
Io = 250 to 750 mA Ty=25C 150
lg Quiescent Current T, =25°C 3 mA
Alg  |Quiescent Current Change |lg =5 mAto 1A 0.5 mA
V= -186t0-30V 1
AV/AT |Output Voltage Orift lg = 5mA -0.9 mvVFC
eN  |Output Noise Voltage B = 10Hz to 100KHz Ty=28°C 250 nv
SVR |Supply Voitage Rejection  [AV,= 10V = 120Hz 54 60 dB
Vg  |Dropout Voltage lo=1A Ty=26°C  AVg=100mV 14 "
lse  [Shert Circult Current 1.3 A

(*) Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken into account

separately. Pulse testing with low duty cycle is used,

ELECTRICAL CHARACTERISTICS OF L7918C (refer to the test circuits, T, = 0to 125°C, V| = -27V,
lp =500 mA, C| = 2.2 UF, Cy = 1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max, Unit
Vo Output Voltage T, =25°C -17.3 -18 -18.7 Vv
Vo |Output Voltage lo=-5mAto-1A Pos15W 7.1 | -18 | -189 v

Vi=-22t0-33V
AVp(*) |Line Regulation V)=-21t0-33V Ty =25°C 360 mv
Vi=-2410-30V T,=25°C 180
AVg(*) |Load Regulation lo=6mAto15A Ty=25C 360 my
lo = 250 to 750 mA Ty=25°C 180
lg Quiescent Current T, =25°C 3 mA
Aly  [Quiescent Current Change |lg=5mAto 1A 05 mA
V) =-2210-33V 1

AV/AT |Output Voltage Drift lo=56mA -1 mv/G

e Qutput Nolse Veltage B = 10Hz to 100KHz Ty=25°C 300 [l
SVR |Supply Voltage Rejection  |AV, =10V f= 120Hz 54 60 dB
Vg  |Dropout Voltage lo=1A Ty=25°C AV =100 mV 1.1 v
lge  [Shont Circuit Current 11 A

o

98

(*) Load and line regulation are tjunclion temp

P at . Changes in Vi, due lo healing effects must be taken into account
separately. Pulse testing with low duty cycle is used.
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L7900 SERIES

ELECTRICAL CHARACTERISTICS OF L7920C (refer to the test circuits, T, = 0to 125°C, V= -28V,
lo =500 mA, C| = 2.2 UF, Co =1 PF unless otherwise specified).

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vo |Output Voltage Ty =25°C -192 | 20 | -208 v
Vo |Output Voltage lg=-5mAto-1A Pus15W 19 [ 20 [ 21 v

Vi=-24t0-35V
AV(*) |Line Regulation Vi=-23t0-35V T,=26C 400 mv
V|=-261t0-32V Ty=25°C 200
AV(*) |Load Regulation lo=5mAto15A T,=25°C 400 mv
I = 250 to 750 mA T)=25°C 200
lg |Quiescent Current Ty =25°C 3 mA
Alg  |Quiescent Current Change |lg=5mAto1A 0.5 mA
Vi=-2410 -36V 1
AV/AT |Output Veltage Drift lo=5mA -14 mVFrC
eN | Output Noise Voltage B = 10Hz to 100KHz Ty=26°C 350 uv
SVR |Supply Voltage Rejection AV =10V f=120Hz 54 60 dB
Vg  |DPropout Voltage lo=1A Ty=25°C  AVg=100 mV 1.1 \'
lge  [Short Circuit Current 09 A

(*) Load and line regulation are specified at constant junction temperature. Changes in V., due to heating effects must be taken into account
separately. Pulse testing with low duly cycle is used.

ELECTRICAL CHARACTERISTICS OF L7922C (refer to the test circuits, Ty = 0to 125°C, V= -31V,
lo =500 mA, C, = 2.2 uF, Cy = 1 yF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vo  |Output Voltage T;=25"C 211 -22 =229 v
Vo [Output Voltage lo=-5mAto-1A Pgo<i18W -20.9 -22 =231 v

Vi=-26t0-3TV
AVg(") |Line Regulation Vi=-25t0-37V Ty=25°C 440 mV
Vij=-28t0-34 V Ty=26°C 220
AVp(*) |Load Regulation lo=5mAto15A Ty=25"C 440 my
lg = 250 to 750 mA Ty =25°C 220
lg Quiescent Current Ty =25°C 3 mA
Aly  |Quiescent Current Change |lg=5mAto1A 05 mA
V)=-261t0-37V 1
AV/AT |Output Voltage Drift lo=56mA =11 mv/iic
eN [Output Noise Voltage B =10Hz to 100KHz T;=25°C 375 1w
SVR |Supply Voltage Rejection  [AV, =10V  t= 120Hz 54 60 dB
Vg Dropout Voltage lo=1A T;=25°C AVp=100mV 1 v
lse  [Shert Circuit Current 14 A

(“) Load and line regulation are specified at constant junction lemperature. Changes in V, due o healing effects must be taken into account
separately, Pulse testing with low duty cycle Is used.
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L7900 SERIES

ELECTRICAL CHARACTERISTICS OF L7924C (refer to the test circuits, T; = 0to 125°C, V= -33V,
lo =500 mA, C = 2.2 UF, Cp = 1 pF unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo OQutput Voltage Ty=25C -23 ~24 -24.5 v
Vo |Output Voltage lo=-5MAto-1A Pgs15W 228 [ -24 | -252 v

V)=-271t0-38V
AVq(") [Line Regulation Vi=-2710-38V Ty=25°C 480 mv
V=-3010-36V T, =26°C 240
AVg(") [Load Regulation lo=5mAto1.5A Ty=25°C 480 mv
lp = 250 to 750 mA Ty=25°C 240
lg Quiescent Current Ty =25°C 3 mA
Alg  |Quiescent Current Change [l =5mAto1A 05 mA
Vi=-27Ww-38V [
AV/AT |Qutput Voltage Drift lg =5 mA -1 mvV/FC
eN |Output Noise Voltage B = 10Hz to 100KHz T, =286C 400 n
SVR |Supply Voltage Rejection  |AV, =10V = 120Hz 54 60 dB
Vg |Dropout Voltage lo=1A Ty=25°C  AVg=100mV 1A v
lge | Short Circuit Current 11 A

{*) Load and line regulation are specified at constant junction temperature, Changes in V,, due lo healing effects must be taken into account
separately. Pulse testing with low duty cycle is used.

APPLICATIONS INFORMATION
Figure 1 : Fixed Output Regulator

-
<o T WL,
1 {+]
® [0,
"ViO'—L Lraxx, P2 ov,

0]

5~5036M

NOTE:

1. To specify an output valtage, substitute voltage value for "XX".

2. Required for stabllity, For value given, capacitor must be solid tantalum. If aluminium electrolytics are used, at least ten limes value should
be selected. C1is required if reguiater is located an appreciable distance from power supply filter.

3. To impreve transient response. If large capacitors are used, a high current diode from input to output (1N4001 er similar) should be intro-
duced to protect the device from momentary input short circuit,

8/16 ﬁ




KBPCS8 Series

Vishay High Power Products

Single Phase Rectifier Bridge, 8 A

D72
PRODUCT SUMMARY
[T 80A
Vrrm 5010 1000 V

FEATURES

¢ Suitable for printed circuit board or chasis
mounting

&

RoHS
COMPLIANT
* Compact consiruction

* High surge current capability

* Fully characterised data

* Wide temperature range

+ RoHS compliant

DESCRIPTION

The KBPC series of single phase rectifier bridge consists of
four silicon junctions connecled as a full bridge. These
device are intended for general use in industrial and
consumer equipment,

MAJOR RATINGS AND CHARACTERISTICS

SYMBOL CHARACTERISTICS VALUES UNITS
1 Te, =50 °C, rasistive load 8 X
’ Te, = 50 °C, capacitive load 6.4
50 Hz 125
lesaa A
60 Hz 137
) 50 Hz 110 "
1<t Atg
60 Hz 100
Vi Range 50 to 1000 v
T -5510 150 “C

ELECTRICAL SPECIFICATIONS

VOLTAGE RATINGS

Vram, MAXIMUM REPETITIVE Vagu, MAXIMUM NON-REPETITIVE

PART NUMBER PEAK REVERSE VOLTAGE PEAK REVERSE VOLTAGE

v v
KBPC8005 50 80
KEPC801 100 150
KBPC802 200 300
KBPC804 400 500
KBPCB06 600 700
KBPC808 800 600
KBPCB10 1000 1100

Document Number: 63586
Revision; 29-Sep-08

For tachnical questions, contact: ind-madules & vishay.com

www vishay.com
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KBPC8 Series
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VISHAY,
Vishay High Power Products ~ Single Phase Rectifier \ 4
Bridge, 8 A
FORWARD CONDUCTION
PARAMETER SYMBOL TEST CONDITIONS VALUES UNITS
o b o i 4 T =50 °C, resistive or inductive load 8.0
X curre 5
sl 4 i Te =80 °C. capacitive load 6.4
A
i t=10ms, 20ms | Following any ratad load 125
Mammn':i:::k one cydo;_“ lpata condition and with rated
PRI IR YR SuIge.cOmy 1=8.3ms.16.7m3| Vap, reapllied 137
t=10ms 78
" y . 1=83ms Initial T, = T, maximum 71 4
2 2 E A
Maximum It capability for fusing 1% e 100 % Vit roapplied o s
1=83ms 1000
Maximum 12+ capability for fusing 14t 1=0.110 10 ms, no veltage reapplied 1105 Ais
Maximum peak forward voltage per diode Ve lna=30A,T;=25°C 1.0 v
Ty;=25°C, 100 % Viupm 10
Typical peak reverse leakage per diode Ira mA
Ty=150°C, 100 % Vgrau 100
Operating frequency range f 400 to 1000 Hz
Maximum repstitive peak reverse N
voltage range VriRu 50 to 1000 v
THERMAL AND MECHANICAL SPECIFICATIONS
PARAMETER SYMBOL VALUES UNITS
Operating and storage temperature range Ty Tay - 5510150 “C
Thermal resistance, junction to case Rini 6 Kw
Approximate weight s 3
Pl
F 0.21 oz.
lo T o 0 T TT
« 130 o
- 9 ] < | KRPCH
< ":,Bpw‘ & 120 - 50Hz |+
bl 8 § I y
-E Y T £ 110 \ - -
7 N~ Rosisiva load -+——F 3 \ |
3 " \ \ ° 0 AN T
g 4 \\ i (] T -
\ 50 P 1
& 3 Capaciive load — NN o - T g ]
E 2 A\ 5 5 . e
E [ T
< ' El 20 1 T BEi
10 T + T
. = " 11T 1
0 20 40 60 BO 100 120 140 160 001 [ 10 1o
Maximum Allowable Ambient Pulse Train Duratlon (s)
Temperature (*C)
Fig. 1 - Current Ratings Fig. 2 - Non-Repetitive Surge Ratings
LINKS TO RELATED DOCUMENTS
Dimensions | http:/Awvw.vishay. comédoc?95250
www.vishay.com For technical questions, contact: ind-medules @ vishay.com Document Number: 93586
2 Revision: 28-Sep-08
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Outline Dimensions

A A
VISHAY.
Vishay Semiconductors

DIMENSIONS in millimeters (inches)
15 /5 (0 620)
1475 (0 580)
3,80 (@ 0150) S N

533 (0210

T r ' 4.33(0.170)
% || % : |
+ | = i il
15,75 (0.620). O, T, M. 0.8(0.425) | i
14775 (0550) ‘ 100 (0.364) i ‘
| |

A‘:,I‘ & i ‘ dbulum;
| |
| |
‘ | |
| 1

10.8(0 425 |.| et
100 (0 4164) ] '
0110 (0 0043)
D000 (@ 0.035)
Document Number: 95250 For technical questicns, contact: ndmadulss@vishay.com www.vishay com
1
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DB101G THRU DB107G
GLASS PASSIVATED SINGLE-PHASE BRIDGE RECTIFIER

Reverse Voltage - 50 to 1000 Volts

Forward Current - 1.0 Ampere

DFM

@

FEATURES

1>

ey ] )

025565)  0315(8.00)
024562)  0.285(7.24)

.l

. oamesy _|

0320(8.12)

0.1303.30)
0.120(3 05}

*Dimensions in inches and (millimeters)

This series is UL listed under the Recognized Component
Index, file number E-86005
i i * Surge overload rating of 50 Amperes peak
U4L * Ideal for printed circuit board

* Reliable low cost construction utilizing molded plastic technique
* High temperature soldering guaranteed: 260°C/10 seconds,
0.375" (9.5mm) lead length, 5lbs. (2.3 kg) tension

) _0.080(209) [ \ * Plastic package has Underwriters Laboratory Flammability
11 FO050(127) Classification 84V-0
I 0.185(4.69)
(T __y‘_ 001333) “
GAKIA1) 0.0085(0.22)
| Lowsso o9 _‘
0.055139) |‘- 30005 MECHANICAL DATA

Case ;: JEDEC DFM molded plastic body over passivated junction
Terminals : Plated leads solderable per MIL-STD-750,
Method 2026
Polarity : Celor band denotes cathode end
Mounting Position : Any
Weight : 0.04 ounes , 1.0 gram

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

Ratings at 25 °C ambient temperalure DB
0 . SYMBOLS UNITS
unless othenwise specified. 101G 102G 103G 104G 105G 106G 107G
Maximum repelitive peak reverse voltage VRRM 50 100 200 400 600 800 1000 Volts
Maximum RMS veltage Vaus 35 70 140 280 420 560 700 Volts
Maximum DC blocking voltage Voc 50 100 200 400 600 800 1000 Volts
Maximum average forward rectified current @TA-4CI°C 1{Av) 1.0 Amps
Peak forward surge currant 8.3ms single half sine-wave
IFS 50 Amps
superimposed on rated load (JEDEC Method)
Maximum instantaneous forward vollage at 1.0 A VF 1.1 Volts
Maximum reverse current @TA=25C 10
IR A
at rated DC blocking veltage per element gTa-‘lZS‘C 500 "
Typical junction capacitance (NOTE 1) [oA] 25 pF
Typical thermal resistanca (NOTE 2) RN ) ‘crw
b RouL 15
Operating Junction and storage temperature range T.TsTG -55 to +150 o

MNOTES : (1) Measured al 1.0 MHz and applied reverse voltage of 4.0 Volls
(2) Thermal resietance from junction to ambient and from junction to lead mounted on P.C.B. with 0.5 X0.5" (13 X 13mm) copper pads

REV..0

% Zowle Technology Corporation
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RATINGS AND CHARACTERISTIC CURVES DB101G THRU DB107G

AVERAGE FORWARD RECTIFIED
CURRENT, AMPERES

IINSTANTANEOUS FORWARD CURRENT,
AMPERES

10.00

0.10

0.01

FIG.1 - FORWARD CURRENT DERATING CURVE

FIG.2 - MAXIMUM NON-REPETITIVE
PEAK FORWARD SURGE CURRENT

T T 50
vz g [ T TTTI
RESISTIVE OR & Ti=25'C
NDUCTIVE LOAD™] & 40 Single Sins-Wave -H
§ JEDEC Method)
w N
2 =
P %E N‘n
!
\ ng s ":
z ™~
\ o ""-n.
L 10
5
0.375" (8. 5mm) LEAD LENGTH
| N & 0
20 40 60 80 100 120 140 160 1 10 100
AMBIENT TEMPERATURE, °C NUMBER OF CYCLES AT 60Hz
FIG.3- TYPICAL INSTANTANEOUS FIG.4 - TYPICAL REVERSE CHARACTERISTICS
FORWARD CHARACTERISTICS PER BRIDGE ELEMENT
e — 100
2 e
fl ! = TEIB'C
A PULSE WIDTH=300US = § 10
/ 1% DUTY CYCLE £
2 1 i ! |
T Q. [ 1 I i i 1 | 1
& W
En.
I mg — i il L L 1
/ i I T 1 T T T | 1
o
(4]
; iE w%
7 e
" 2
= Tw25°C|
v
, 2 o
04 08 08 1.0 1.2 14 18 1
INSTANTANEOUS FORWARD VOLTAGE, .01 I
VOLTS 0 20 40 60 B0 100 120 140

PERCENT OF RATED PEAK REVERSE VOLTAGE,%

FIG.5 - TYPICAL JUNCTION CAPACITANCE

100

60

=l

40

20

JUNCTION CAPACITANCE, pF

2 4 10 2 4 10 20 40

REVERSE VOLTAGE, VOLTS

100

REV.:0

% Zowie Technology Corporation
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TOSHIBA GT60M303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICON N CHANNEL IGBT

GT60M303

Unit: mm
HIGH POWER SWITCHING APPLICATIONS
20.5MAX. | p3310.2
o
® The Ath Generation e ‘—;.tilg
o [FRD Included Betwoon Emitter and Colloctor b & B! E.
® [linhancement—Maode ﬁJ "14'5- ] _3[”
e Iligh Speed TanT fup=0.25ps (TYD) 1 "TT - ‘_f
Spoe Y = 0.20ps 5 “ @ Q
FRD e =0.7p8 (TYP.) E—_E:m r 81"
o o " i : - s UL 4
® Low Saturation Voltage © VOE (sat) = 2.1V (TYP.) 1otB3s 2
5454015, 5454015
MAXIMUM RATINGS (Ta = 25°C) 12 :
oo
+
>
CHARACTERISTIC SYMBOL RATING UNIT 5
Collector-Emitter Voltage Vces 900 Vv
. 1. GATE
Gale-Emitter Voltage VaES +25 v 2. COLLECTOR(HEAT SINK)
o e 50 3. EMITTER
Collector Current A
1ms lcp 120 JEDEC =
Emitier-Collector be lgcF 15 i JEITA -
Foward Current Tine: - 120 TOSHIBA 2-21F2C
e Weight : 9.75g
Collector Power Dissipation
(To=8ec) Pc 170 w
Junction Temperature T 150 *C
Storage Temperature Range Teig -55~160 ‘c
Screw Torque — 0.8 N'm
EQUIVALENT CIRCUIT
Collector
Gate o—
Emitter

1 2002-02-06
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TOSHIBA GT60M303
ELECTRICAL CHARACTERISTICS (Ta = 25°C)
CHARACTERISTIC SYMBOL TEST CONDITION MIN [ TYP. | MAX | UNIT
Gate Leakage Current lges Vee =25V, Vee =0 — - +500 nA
Collector Cut-off Current Ices Vg = 900V, Vg =0 - - 1.0 mA
Gate-Emitter Cut-off Voltage Ve oFF) | lo = 60mA, Vg = 5V 30 | — | 60 v
Collector-Emitter Saturation Voltage VCE (sat) (1) |l = 10A, Vgg = 15V - 1.6 22 v
Collector-Emitier Saturation Voltage VGE (san) (2) |lc = 60A, Vg = 15V — 21 27 v
Input Capacitance Cies Vee =10V, Vgg =0, = 1MHz — 3800 — pF
Rise Time tr - 035 | 080
Tum=On Time t 510 g — | o4 | 075
Switching Time e 18Y 3 ps
Fall Time Iy 15V — 025 | 040
Tum-Off Time torr 600V — | o6 | av0
Emitter-Collector Forward Voltage VEcF lgc = 15A, Vge=0 — 15 20 v
. IF=15A Vgg =0
Reverse Recovery Time tr difdt = ~20A/ s - 07 25 Hs
Thermal Resistance Ring-c) |IGBT - — | 074 |ccrw
Thermal Resistance Rih (j-c) Diode - - 40 |°*C/w
2 2002-02-06
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TOSHIBA GT60M303
; Ic - Vcr g 1 VCE - VGE
100 0
COMMON i ol / 10 # COMMON EMITTER
3 go| EMUITER / 9.5 o o
Te=25'C — il
: e
E o / e g »
E # gt | >
= o
B E ; 80
3 0 ki 1
E - a 307
1 g, =
8 VGE=1V 5 Ig=10A
0 5 - 1 [ |
0 1 2 3 [ [ 0 4 iz 16 20 2
COLLECTOR-EMITTER VOLTAGE Vgg (V) GATE-EMITTER VOLTAGE Vgg (V)
VCE - VGE VCE -~ VGE
s 10 s 10
e COMMON EMITTER % COMMON EMITTER
,_9 Tew25°C :‘? Te=125C
8 8
8 B ! I
'E BO EE 80
= [ =2 [
5] o 5
- > L
& & C [N 60
P I MR
=z 30+ =
o o N
4 = == ? ™
Io=10A _—r——[ T Io=10A
g o | | | | g ol |
) 4 B 12 16 20 24 0 4 ] 12 16 20 24
GATE-EMITTER VOLTAGE Vgg (V) GATE-EMITTER YOLTAGE Vgg (V)
VCE - VGE . VCE (sat) ~ Te
100 - 4
COMMON EMITTER | // g COMMON EMITTER
s 80 il /// B VQE=15V
@ /] 2 —t9
- 4 —
E o /1 BE e .60
] / / & o ___,_._-—: R, s
o et s
5 / Eb 2 40+
S ]
5 freic
- Ll 28 ] =
§ Eg 4 Ig=10A
8 o A B®
2 Te=125'C / /w0 ] 2
0 L i 0
0 2 4 6 ] 10 -40 [ 40 80 120 160

GATE-EMITTER VOLTAGE Vgg (V)

CASE TEMPERATURE Te (C)

2002-02-06
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TOSHIBA GT60M303

- VCE, VGE ~ Qa SWITCHING TIME — Rg
=0 4 &
E [ T 1.4 COMMON COMMON EMITTER
&% | EMITTER 3| vgo=600v
By 16 VCE=150V Rp=2.50 - 10=60A S]]
88 "I / Te=26C E Vop=£16V d
- Te=26°C b
g 1 | g, Py
g, | E L o
:g 8 S, J'I g 0.5 . s
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1.Module Classification Information

LCD -020 N 004 B -T M | -ET
@

@ @ @ @ ® @ ® @

1. Brand: Vishay Intertechnology. Inc.

2. Horizontal Format: 20 characters

3. Display Type : N->Character Type (RoHS), H—>Graphiec Type (RoHS)

4. Vertical Format: 4 lines

5. Model serials no.: B

6. Backlight N--+Without backlight

Type : B-+EL, Blue green A~>LED. Amber
D—+EL, Green R—LED, Red
W->EL, White O—LED, Orange
F->CCFL, White G—LED, Green
Y-=LED, Yellow Green T—LED, White

7. LCD Mode : BTN Positive, Gray T-»FSTN Negative
N—TN Negative,

G—8TN Positive, Gray

Y—S8TN Positive. Yellow Green

M—STN Negative, Blue

F—FSTN Positive
8. LCD Polarizer A—Reflective, N.T, 6:00 H—Transflective, W.T.6:00
Type/ Temperature  [y—>Reflective, N.T, 12:00  K—"Transtlective, W.T,12:00
range/ View G—Reflective, W. ', 6:00  C—Transmissive, N, T1.6:00
dirsition J->Reflective, W. T, 12:00  F—»Transmissive, N, 1.12:00

B-»Transflective, N.'1,6:00 [-»Transmissive, W. T, 6:00

E—Transflective, N.'1.12:00  L—"Transmissive, W.1.12:00
9. Special Code  ET : English and European standard font

Fits in with the ROHS Directions and regulations
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2.Precautions in use of LCD Modules

1)Avoid applying excessive shocks to the module or making any alterations or modifications to
pplying g any

it.

(2)Don’t make extra holes on the printed circuit board. modify its shape or change the

components of LCD module.
(3)Don’t disassemble the LLCM.
(4)Don’t operate it above the absolute maximum rating.
(5)Don’t drop, bend or twist LCM.
(6)Soldering: only to the /O terminals.
(7)Storage: please storage in anti-static electricity container and clean environment.
(8)Supplier has the right to change the passive components
(9)Supplier has the right to change the PCB Rev.

3.General Specification

Item Dimension Unit
Number of Characters 20 characters x 4Lines
Module dimension 98.0 x 60.0 x 13.6(MAX) mm
View area 77.0x25.2 mm
Active area 70.4 x 20.8 mm
Dot size 0.55% 055 mm
Dot pitch 0.60 x 0.60 mm
Character size 295x4.75 mm
Character pitch 3.55x5.35 mm
LCD type STN Negative, Blue  Transmissive.,
(In LCD production, Tt will occur slightly color difference. We
can only guarantee the same color in the same batch.)
Duty 1/16
View direction G o’clock
Backlight Type LED White
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4.Absolute Maximum Ratings

114

Item Symbol Min Typ Max Unit
Operating Temperature Top -20 +70 C
Storage Temperature Tyt -30 B +80 2
[nput Voltage Vi Vs Vop v
Supply Voltage For Logic Vop-Vgg -0.3 — 7 v
Supply Voltage For LCD Vop-Vo -0.3 e 3.5 Ay
5.Electrical Characteristics
Item Symbol Condition Min Typ Max Unit
Supply Voltage For Logic Vop-Vss - 4.5 5.0 5 A%
Supply Voltage For LCD i 3 A
Note Vion-Vo Ta=25C . 4.5 v
1a=70°C 35 v
[nput High Volt. Vi = 0.7 Vpp o Vin A%
Input Low Volt. Vi Vss | — 0.6 v
Output High Volt. Vou e 3.9 = = v
Output Low Volt. VoL e 0.4 Vv
Supply Current Ibp Vop=5V 12 1.6 2.0 mA

* Note: Please design the VOP adjustment circuit on customer's main hoard

Vdd_.|
I, ] LeM

i Nt
10K~20K f b Module




6.0ptical Characteristics

[tem Symbol Condition Min Typ Max Unit

WMo CRz2 20 = 40 deg
View Angle

(o CR22 30 . 30 deg
Contrast Ratio CR 3

Trise o 100 150 ms
Response Time

T fall 100 150 ms

Definition of Operation Voltage (Vop)

Intensity
10096 -

CrMax p---==-~

Selected Wave

Non-selected Wave

Cr=Lon/Loft

Conditions :

Vop

[positive type]

Drivarg Vokage(V)

Operating Voltage : Vop
Frame Frequency : 64 17

Definition of viewing angle(CR=2)

Definition of Response Time ( Tr, Tf)

Non-selected
Conitian

Sdevted Canition

Non-scledod
Conition

Intersity

10084

[pesitive type|

Viewing Angle( & » ¢): 0" O

Driving Waveform : /N duty . 1/a bias
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7.Interface Pin Function

Pin No.| Symbol Level Description

1 Vs ov GND

2 Vi 5.0V Supply Voltage for logic

3 VO (Variable) |Contrast Adjustment

4 RS H/L Register select signal

5 R/W H/L. H: Read(MPU->Module) L: Write(MPU->Module)
6 E HH—L [Chip enable signal

7 DBO H/L Data bus line

8 DBI H/L Data bus line

9 DB2 /L Data bus line

10 DB3 H/L.  |Data bus line

11 DB4 II/L Data bus line

12 DBS5 VL |Data bus line
13 DB6 H/L Data bus line

14 DB7 /L Data bus line
15 A = LED+
16 K - LED-
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8.Contour Drawing &Block Diagram
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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

- Primary nominal r.m.s. current 25 At
I. Primary current, measuring range 0..%36 At
R, Measuring resistance Buwe:  Bumu
with + 15 V @254, 100 320 @
@+36A, 100 180 Q
lea Secondary nominal r.m.s. current 25 mA
K, Conversion ratio 1-2-3-4-5: 1000
V. Supply voltage (+ 5 %) +15 v
1. Current consumption 10+1, mA
v, R.m.s. voltage for AC isclation test, 50 Hz, 1 mn 25 kv
¥ R.ms. rated voltage ", safe separation 600 v
basic isolation 1700 v
| Accuracy - Dynamic performance data
X Accuracy @1, T, = 26°C +05 %
€ Linearity <02 %
Typ | Max
L Offset current® @ 1, =0, T,=25°C + 005|015 mA
l,  Residual current *@ 1, = 0, after an overload of 3x |, [+ 0.05/¢ 0.15 mA
lor Thermal drift of |, 0°C.+25°C |+006]£025 mA
+25°C .. +70°C  |£010[2035 mA
t Response time ! @ 90 % of I, <1 Hs
dildt  di/dt accurately followed =50 Alys
£ Frequency bandwidth (- 1 dB) Dc .. 150 kHz
[ General data l
T, Ambient operating temperature 0.+ 70 c
T Ambient storage termperature -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 MQ
m Mass 22 g
Standards % EN 50178
Notes . " Pollution class 2

“ Measurement carried out after 15 mn functionning

¥ The result of the coercive field of the magnetic circuit

4 With a difdt of 100 Alps
# A list of corresponding tests is available

I, = 5-6-8-12-25 A

o o

-

TS
e

g " ’ (.
P Lm 2

Features

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

 Insulated plastic case recognized
according to UL 94-VO.

Advantages

= Excellent accuracy

* Very good linearity

* Low temperature drift

* Optimized response time

= Wide frequency bandwidth

* No insertion losses

e High immunity to external
interference

s Current overload capability.

Applications

* AC variable speed drives and servo
motor drives

* Static converters for DC motor drives

* Battery supplied applications

® Uninterruptible Power Supplies
(UPS)

¢ Switched Mode Power Supplies
(SMPS)

* Power supplies for welding
applications.

980909/8

LEM Components

www.lem.com
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Dimensions LA 25-NP (in mm. 1 mm = 0.0394 inch)
Bottom view Right view Top view
290, 0% ‘N“ }
e MEEZEL | 0XB0TRDAmm 0
i L !
SRS =
5 F
pa— e
© |
A puss—-L o1
= 8
7621762 y
S?J:”n‘gg__‘:_‘a i KT Standard 00 Year Week
or N° §P..
Secondary terminals Connection
s %_ a
B = Terminal +: supply voltage +15 V i R FSRpp—
";"mmj t M & Terminal M. measure Ip L& 25-HP
by S—.]
5] Terminal - : supply voltage - 15V Bt s
Number | Primary current [ Nominal Turns Primary | Primary insertion Recommended
ofprimary | nominal | maximum | outpul current ratio resistance [inductance connections
turns |, [A]|L [A]]l, [mA] K, R, [ma]| L, [kH]
543521 N
00000
1 25 36 25 1/1000 0.3 0.023 e
our & T B a1
54321 W
G el
2 12 18 24 2/1000 14 0.09 o
CUT 8 78 310
54321 M
3 8 12 24 3/1000 25 0.21 B ol
200 00
QUT 6 7 8 210
L4321 In
Q04 0o
4 6 9 24 4/1000 4.4 0.37 e
Qul_ Bt e 910
54321 N
5 5 7 25 5/1000 63 058 BRSNS
abhoy
UT 6 73 %
Mechanical characteristics Remarks
* General tolerance + 0.2 mm e |, is positive when |, flows from terminals 1, 2, 3, 4, 5 to
* Fastening & connection of primary 10 pins 0.7 x 0.6 mm terminals 10, 9,8, 7, 6
* Fastening & connection of secondary 3 pins @ 1 mm * This is a standard model. For different versions (supply
e Recommended PCB hole 1.2 mm voltages, turns ratios, unidirecticnal measurements...),

please contact us.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.
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MicrocHip PIC16F882/883/884/886/887

28/40/44-Pin Flash-Based, 8-Bit CMOS Microcontrollers with
nanoWatt Technology

e T T e T T T T o T s e ey
High-Performance RISC CPU: Peripheral Features:
* Only 35 Instructions to Leam: 24/35 /O Pins with Individual Direction Control:

- Allsingle-cycle instructions except branches - High current source/sink for direct LED drive
* Operating Speed: « Interrupt-on-Change pin

~ DC - 20 MHz oscillator/clock input - Individually programmable weak pull-ups

- DC - 200 ns instruction cycle « Ultra Low-Power Wake-up (ULPWU)
* Interrupt Capability = Analog Comparator Module with;
* 8-Level Deep Hardware Stack - Two analog comparators

+ Direct, Indirect and Relative Addressing modes Programmable on-chip voltage reference
. (CVREF) module (% of VDD)
Special Microcontroller Features: - Fixed voltage reference (0.6V)

Comparator inputs and outputs externally

* Precision Internal Oscillator;

- Factory calibrated to £1% accessible
- Software selectable frequency range of - SR Latch mode
8 MHz to 31 kHz - External Timer1 Gate (count enable)
- Software tunable * AD Converter:
- Two-Speed Start-up mode = 10-bit resolu}ion and 11114 channf_:ls
- Crystal fail detect for critical applications * Timer0: 8-bit Timer/Counter with 8-bit
- Clock mode switching during operation for Programmable Prescaler
power savings * Enhanced Timer1:
+ Power-Saving Sleep mode - 16-bit timer/counter with prescaler
+ Wide Operating Voltage Range (2.0V-5.5V) - External Gate Input mode
* Industrial and Extended Temperature Range - Dedicated low-power 32 kHz oscillator
+ Power-on Reset (POR) . T\mgrz: 8-bit Timer/Counter with 8-bit Period
+ Power-up Timer (PWRT) and Oscillator Start-up Register, Prescaler and Postscaler
Timer (OST) L Enhanged Capture, Compare, PWM+ Module:
+ Brown-out Reset (BOR) with Software Control - 16-bit Capture, max. resolution 12.5 ns
Option - Com_pare. max, resolution 200 ns
+ Enhanced Low-Current Watchdog Timer (WDT) - 10-bit PWM with 1, 2 or 4 output channels,
with On-Chip Oscillator (software selectable programmable "dead time”, max. frequency
nominal 268 seconds with full prescaler) with 20 kHz )
software enable - PWM output steering control
* Muttiplexed Master Clear with Pull-up/input Pin + Capture, Compare, PWM Module:
« Programmable Code Protection - 16-bit Capture, max. resolution 12.5 ns
* High Endurance Flash/EEPROM Cell: - 16-b¢ Compare, max. resolution 200 ns
- 100,000 wiite Flash endurance - 10-bit PWM, max. frequency 20 kHz
- 1,000,000 write EEPROM endurance * Enhanced USART Module:
- Flash/Data EEPROM retention: > 40 years - Supports RS-485, RS-232, and LIN 2.0
+ Program Memery Read/Wite during run time - Auto-Baud Detect ‘
+ In-Cireuit Debugger (on board) - Auto-Wake-Up on Start bit
* In-Circuit Serial Programming™ (ICSP™) via Two
Low-Power Features: Pins 7
* Master Synchronous Serial Port (MSSP) Module
* Standby Curent: supporting 3-wire SPI (all 4 modes) and 12C™
- 50nA@ 2.0V, typical Master and Siave Modes with |2C Address Mask

* Qperating Current:
- 11 uA @ 32 kHz, 2.0V, typical
- 220 pA @ 4 MHz, 2.0V, typical
+ Watchdog Timer Current:
- 1 pA @ 2.0V, typical

4 2009 Microchip Technology Inc. DS41291F-page 1
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PIC16F882/883/884/886/887

:::II:TT HA Mooty 10-bit A/D | ECCP/ Timers
Device Fre srAM | EEPRGM Vo (ch) cop EUSART | MSSP |Comparators 81 6-bit
(words) (bytes) (bytes)

(PICTEFE82 2048 128 128 24 i1 il i 1 F] 21
PIC16F883 4096 256 256 24 11 1 1 1 2 21
PIC16F884 4036 256 256 35 14 1 1 1 2 21
PIC16F886 8192 368 256 24 11 M 1 1 2 21
PIC16F887 8192 368 256 35 14 11 1 1 2 21

B —— o— —

DS41291F-page 2

2009 Microchip Technology Inc.
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PIC16F882/883/884/886/887

Pin Diagrams - PIC16F884/887, 40-Pin PDIP
40-pin PDIP

‘\—/ 40[] =— RB7/ICSPDAT

RE3MCLRVPP —[]1
RAO/ANO/ULPWU/C12IND- =[] 2 39[] =— RB6/ICSPCLK
RA1ANT/C12INT- «— ] 3 38[] «—= RBS/AN13/TIG
RA2/AN2/VREF-/CVREFIC2IN+ =—s[T] 4 37 ] «— RB4/AN11
RAZ/ANS/VREF+HCAIN+ ~——=[]5 36[] «—= RB3/ANYPGMIC2IN2-
RA4TOCKICIOUT =——[]6 35[] =— RB2/ANS
RAS/AN4/SS/C20UT »~—[]7 34[] =—= RB1/AN10/C12IN3-
REQ/ANS +—=[1]8 g 33 [] ~—= RBO/AN12/INT
RE1/ANE =[] g 8 32[] =—— von
RE2/AN7 «— 10 3 31[] =— vss
(] pe— PP i 30[) =~— RD7/P1D
Vss —aTl 42 5 29[ «— RDBIPIC
RA7IOSCH/CLKIN +——[] 13 o 28] ~—= RD5/P1B
RAB/QOSC2/CLKOUT  wem [ 14 27[] «=—= RD4
RCOM1OSOMCK +—a[] 15 26 [] +— RCT/RX/DT
RCA/T10SIICCP2 «—u[] 1 25 [ =— RCBITXCK
RC2/P1AICCP w—w[] 17 24[] ~—— RC5/SDO
RCHSCKISCL =—w[] 18 23[] «——= RC4/SDI/SDA
RDO «—]19 22[] «— RD3
RD1 «—s 20 21[] ~—= RD2

ST B B T S L 18 SR b
DS41291F-page 6 1% 2009 Microchip Technology Inc.




PIC16F882/883/884/886/887

TABLE 3: PIC16F884/887 40-PIN SUMMARY (PDIP

o | Pin Analog |Comparators Timers ECCP |EUSART| MSSP |Interrupt|Pullup Basic
RAO | 2 [ANO/ULPWU| C12INO- — = — — — — —
RA1| 3 AN1 C12IN1- e — — — — — =
RA2 | 4 AN2 C2IN+ P = o o — — | VRer-ICVREF
RA3 | 5 AN3 CHIN+ - — s = = s VREF+
RAd | 6 o clouT TOCKI ey 2 Sy - - o
RA5 | 7 AN4 c20UT — - - S8 — — -
RAB | 14 Er i = o = L5 = — |oscarcLkout
| 1 - s - T — = g — | oscircikin
RBO | 33 AN12 e — — - d IOCANT Y g
RB1 34 AN10 C12IN3- — — - - 1oC Y —_—
RB2 | 35 AN8 e —_ —_ —_ P 10C Y .
RB3 | 36 AN9 C12IN2- -_— - — — 10C Y PGM
RB4 | 37 AN11 — — — — —_ 10C ¥ —
RES5 | 38 AN13 —_ TG — o o 10C Y —
RB6 | 39 — - - - — — 1oC Y ICSPCLK
RB7 | 40 — - — — — - 10C Y ICSPDAT
RCO | 15 —_ — T1OSOMICKI e —_— _— L o e
RC1| 16 _— - T10S| CCP2 — — B — —
RC2 | 17 — — — CCP1/P1A e e — - —
RC3 | 18 — — — — — SCK/SCL — — —_
RC4 | 23 — — — - —_ SDI/SDA —_ —_ —_
RC5 | 24 —_ —_ — e e SDO - —s e
RC6 | 25 iy L o o, TXICK = - - =
RC7 | 26 e - i - RX/DT oot i — s
RDO| 18 — — — — — —_ —_ - -
RD1| 20 —_ —_ —_— —_— — . . e o
RD2| 21 —_ —_— o —_— — - — iy T
RD3 | 22 — — _— —_— — e S T -
RD4 | 27 — - -— — D e — s, o
RD5 | 28 = = e P1B e — - — =
RD6 | 20 — s o PIC e s = I 0
RO7 | 30 — i . P10 i i - — —
REO| & ANS5 o — — —_ - —_ — —
RE1 9 ANB -— —_ —_ -— —_ i i e
RE2 10 AN7 —_ — — — - — g 2
RE3 | 1 - - — o - — — v | MCLRNer

! T i = I e Iz AL a o Voo

— | 22 — - e = - P — — Voo

A PR — — = Zz = = i = Vs

- | 3 — —_— - — o — e —_ Vss

Note 1: PFull-up activaled only with external MICLR configuretion,
— — —————"y

422009 Microchip Technology Inc,

DS41291F-page 7
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TOSHIBA TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC
TLP250

Transistor Inverter

Inverter For Air Conditionor o
Unit in mm

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 eireuit of 1GBT or power MOS FET.

= Input threshold eurrent: Tr=5mAfmax.) r":'
*  Supply current (Icc): 11mA(max.) '?3)51‘;}},-1( {
«  Supply voltage (Voo 10-35V uszof,

«  Output current (I0) £1,5A (max.) .
¢ Switching time (tpLEARHLY: 1.5ps(max,)
+ Isolation voltage: 2600Vymslmin.)

¢ UL vecognized: UL1577, file No. EG7249 S
* Option (D4) type
VDE approved: DIN VDEO884/06.92 certificate No.76823 TOSHIBA 11-10C4
Maximum operating insulation voltage: 630VpK Weight: 0.54 g

Highest permissible over voltage' 4000VPE

(Note) When a VDE0B84 approved type is needed,
please designate the "option (D4)"
¢ Creepage distance: 6.4mm(min.)
Clearance! 6, Amm(min.)

Schmatic Pin Configuration (top view)
Vee 1[0 8
I
ki3 2] 17
2+ Vo 3
Ve = a[] s
3. Vo
4 15
5 N 1:NC.
A 0.1uF bypass capcitor must be 2: Anode
connecled between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C,
5:GND
6 : Vo (Output)
7:Vo
8:Vece

Truth Table

Tri Tr2
Input On on Off
LED off off on

1 2004-06-25
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TOSHIBA TLP250

Absolute Maximum Ratings (Ta = 25°C)

Characleristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alg 7 ATa ~0.36 mA/°C
@ Peak transient forward curent (Note 1) IfpT q A
Reverse voltage VR 5 v
Junction temperature T 125 °c
“H'peak output current (Py < 2.5ps f < 15kHz) (Note 2) lopH -1.5 A
“L’peak oulput currenl (Pyy 5 2.5ps,I S 15kHz) (Note 2) lopL *1.5 A
(Ta 5 70°C) 35
Output voltage Vo v
5 (Ta = 85°C) 24
3 (Ta 5 70°C) 35
8 Supply vollage Vee v
(Ta=85°C) 24
Qulput voltage derating (Ta 2 70°C) AVo / ATa -0.73 vicC
Supply voltage derating (Ta 2 70°C) AVgc / ATa -0.73 vitC
Junctien temperature T 125 *C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Tope ~20~85 L]
Slorage lemperature range Tatg -55-125 *C
Lead soldering temperature (10 s) (Note 4) Tsol 260 k)
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:  Exporenential wavefom, lopH s —1.0A( < 2.5p8), lopy = +1.0A( < 2.5ps)

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

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

together,

Note 6 A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operalion 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.

Recommended Operating Conditions

Characteristic Symbd Min, Typ Max. Unit
Input current, on (Note 7) Ircon) 7 8 10 mA
Input valtage, off VFOFF) 0 — 0.8 v
Supply vollage Ve 15 - o [ 20
Peak oulput current lopHoPL e — 0.5 A
Operating terperature Topr -20 25 70 ] 85 °c

Note 7. Input signal rise time (fall time) < 0.5 ps.
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TOSHIBA TLP250
Electrical Characteristics (Ta = ~20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min, Typ.* Max. Unit
cuit
Input forward voltage VE — Ig=10mA, Ta = 25°C 16 1.8 v
Temperature coefficient of _ L5 o
forward vollage AVE/ATa| —  [IF=10mA - 2.0 mv/°C
Input reverse current IR - VR =5V, Ta=25°C - 10 uA
Input capacitance Cr — |V=0.f=1MHz A Ta=25C - 45 250 pF
e Ip=10mA
H level lopH 3 AR -0.5 -1.5 —
Output current (\{‘13? oy (T A
o lg=0
L" level lopL 7. Vg.5=2.5V 0.5 2 -
prom Veey = 15V, Vegy =15V iy
H” level VoH 4 RL = 2009, IF = 5MA 11 12.8
Output voltage v}
an Vet = +15V, VEgq = 15V _ i
L"level Vol §  |RC5'2000. Vi <5 0V 142 | -125
Vee =30V, Ip = 10ma - 7 -
*H level lecH - Ta =25°C
Supply cilthant Vee =30V, g = 10mA - — 1 -
Vee =30V, Ig = 0mA _ 75 s
“L* level leeL — Ta =25°C .
Vee =30V, g = 0mA B - i
Threshold input “Output | Veet = +15V, Vggq = -15V
current ¥ i RL = 200Q, Vo » 0V 1 2 A
Threshold input “Output . IEHL e Veey = +15V, VEgy = <15V 0.8 _ _ v
voltage H-L RL = 2000, Vo <0V
Supply voltage Vee - 10 - 35 v
Capacitance c = Vg=0,1=1MHz _
(input--cutput) S Ta = 25°C 1.0 20 pF
i Vg =500V, Ta = 25°C 12 14
Resistance(input-output) Rs - R.H.< 60% 1x%10 10 —_ Q
* All typical values are at Ta=26°C  (*1): Duration of o time = 50ps
3 2004-06-25
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TOSHIBA

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characterislic Symbeol Cir- Test Condition Min. Typ.* Max, Unit
cult
Propagation L—+H loLH - 0.15 05
delay lime Hosl oHL I = 8mA (Note 7) o= 015 | 05
6 Voey = +15V, Vggq = 15V us
Output rise time tr Ry =200Q - Lo =
Output fall time tr — - —
Common mode ransient
VieM = 600V, Ig = 8mA
m;::my at high level CMmH T Ve =30V, Ta = 25°C -5000 - - V/ips
Common mode transient
& Vem = 600V, [F = OmA
:gmmy at low level CmL 7 Ve = 30V, Ta = 25°C 5000 - —_— Vips

* All typical values are at Ta = 25°C

Note 7: Input signal rise time (fall time) < 0,5 pis.
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TOSHIBA

TLP250

Test Cireuit 1 :

1

0
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Test Circuit 3 : IOPH
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.F C_g_—f{
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| | e,
j = 0AuF =
}— Vas

Test Circuit 5 : VoL
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TOSHIBA TLP250

Test Circuit 6: tpLH, toHL. b tr

.8 -—-I
[ 1 le te tr
l Ig 0.1pF 1 Veer i t
] Yo = Vod 80%
& I R Vg =ewifs 1 Bt B GND
LI — VoL 80%
1000 [ ]_‘ VEE1 — =
Test Circuit 7: CmH, CmL
8
-
1 [ L
sw IF 0.1uF
— J = | Vee
Aok 8 T
i H—
4 ]—‘
o
TR |
- 600V
90%
Ve 0% "
SW :A(lp=8mA) (Hs)
CuH CpH = —r———480 v
Vo /\_JV V_._ 26V 1 (ps)
CHL
SW :B(lp=0)

CmL(CpmH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output
voltage in the low (high) state.
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TOSHIBA TLP250

g = Vg AVE/! ATa-Ig
3

N

o o

b
M

a1
005
Q.03

Forward current Ig  (mA)
Forward voltage temperature
coefiicient AVF/ ATa(mV /°C)
s

¥
L -4

10 12 14 18 18 20 o1 03 05 5 10 30

om

Forward voltage Ve (V) Forward current  Ip  (mA)

Ip=Ta Vee -Ta

40

Aliowable forward current
Fo(mA
7
Allowable supply voltage Vee (V)

0 Bl 40 20 L)) ] 0 n an L) 80 100

Ambient temperature Ta (“C) Ambient temperalure Ta (°C)

lopH, lopL - Ta

e
P 28251, F 8 15 0Hz

Allowable peak output current
lopr, lopL (A
4

(] 0 40 & i 10

Ambient Temperature Ta (‘C)
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CE 1N4728 THRU 1N4764
CHENY!| ELECTRONICS 1W SILICON PLANAR ZENER DIODES

FEATURES DO-41(GLASS)

| 1c2{28}
uIN
. Sikcon planar power zener diodes 610202 6 )._
For use in stabilizing and clipping circuits with high power rating. ::‘:
. Standaards Zener voltage toerance itk 10% 01810 1)
(18
Add suffix"A" for:t 5% tolerance Other tolerance available upon
request
1902028
N
0.034 (0. 88} ] |-
Ax
DIA
Dimensions in Inches and (mitimalers)

MECHANICAL DATA

. Case: DO-41 glass case
.weight: Approx. 0.35 gram

ABSOLUTE MAXIMUM RATINGS(LIMITING VALUES)(TA=25C)

Symbols Value Units
Zener current see table "Characteristics”
Power dissipalion at TA=25C Ptot 10 mw
Junctian lemperature TJ 175 153
Storage temperature range Tsre -65to +175 T
1)Valid provided that a distance of Bimm from case are kept at amblent lemperature

ELECTRCAL CHARACTERISTICS(TA=25C)

Symbols Min Typ Max Units.
Thermal resistance junction to ambient Rina 170 1 TN
Forward voltage at IF=200mA Vr 1.2 \
1) Valid provided that a distance al 8mm from case are kept at ambient temperature

Copyright @ 2000 SHANGHAI CHENYI ELECTRONICS CO,LTD Page 1 of 3



CE

CHENY| ELECTRONICS

1N4728 THRU 1N4764

1W SILICON PLANAR ZENER DIODES

1N4728..1N4764 SILICON PLANAR ZENER DIODES

Nominal Test Surge Maximum
Zener Current Maximum Zener Impedance 1) — aeN:::dkT;mcu —_— current regulator
Type | Votage 3 Current 2
at at at at Ta=0.25
lzv ri3 22 Izk atVs IR ZM
Vi V |21 mA Zzr £ [#] mA I A v mA mA
1N4728 33 76 10 100 1.0 1380 276
1N4729 36 69 10 400 1.0 1260 252
1N4730 39 64 b 50 1.0 1180 234
1N4731 4.3 58 8 1.0 1070 217
1N4732 4.7 53 8 500 1.0 10 970 193
1N4733 5.1 49 7 550 1.0 890 178
TN4T34 56 45 5 600 2.0 810 162
1N4735 6.2 a1 2 10 3.0 730 146
1N4736 6.8 a7 3.5 4.0 660 133
1N4737 ] 34 4.0 5.0 605 121
1N4738 8.2 31 45 5.0 6.0 550 110
1N4739 9.1 28 50 70 500 100
1N4740 10 25 i 700 7.6 454 91
1N4741 11 23 8 84 414 83
1N4742 12 21 9 8.1 380 76
1N4743 13 19 10 99 344 69
1N4744 15 17 14 11.4 304 61
1NATAS 16 15.5 16 12.2 285 57
1N4746 18 14 20 13.7 250 50
1N4747 20 12.5 22 15.2 225 45
1N4748 22 11.5 23 750 16.7 205 41
1N4749 24 10.5 25 18.2 180 38
1N4750 27 9.5 35 20,6 170 34
1N4751 30 8.5 40 228 150 30
1N4752 33 .5 45 1000 0.25 5 251 135 27
1N4753 36 7.0 50 27.4 125 25
1N4754 39 6.5 60 20.7 115 23
1N4755 43 6.0 70 32.7 110 22
1N4756 47 5.5 80 1500 35.8 95 18
1N4757 51 5.0 g5 388 90 18
1N4758 56 4.5 110 426 80 16
1N4759 62 4.0 125 2000 471 70 14
1N4760 68 3.7 150 51.7 65 13
1N4761 75 3.3 175 56.0 60 12
1N4762 82 3.0 200 62.2 55 11
1N4763 91 2.8 250 3000 69.2 50 10
1N4764 100 2.5 350 76.0 45 9

Notes:1) The Zener impedance is derived lrom the 1KHz AC voltage which results when an AC curtent having an RMS calue equal to 10% of the Zener

current(IZT or |ZK) is superimposed on IZT or IZK. Zener impedance is measured at two points to insure a sharp knee on the

breakdown curve and to eliminate unstable uaits,

2)Valid provided that electrodes at a distance of 10mm from case are kept at ambient temperature

3)Measured under thermal equilibriun and DC test conditions,

Copyright @ 2000 SHANGHAI CHENYT ELECTRONICS CO,,LTD
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CE 1N4728 THRU 1N4764

CHENY| ELECTRONICS 1W SILICON PLANAR ZENER DIODES

RATINGS AND CHARACTERISTIC CURVES 1N4728 THRI 1N4764

Admissible power dissipation versus ambient temperature
(Valid provided that leads at a distance of 10mm from case
are kept at ambient temperature)

w TN4728...1N4764

1.0 \

0.8

0.6

0.4

0.2 \

0 100 200C
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