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ABSTRACT

This project is a study and design of Uninterruptible power supply
type offline. This report is about the theorem report, design process and experiment.
So we use inverter for change DC voltage to AC voltage. This system we will use
PIC Microcontroller to create signal control. A compact design is easy way to move
and simulate control system Pl control that show sine wave with less THDv and

have robustness system.
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Number of Lead — acid cell 6 12 24 136 60 120
Typical float voltage/cell 225 [225 |22- 22- 2.2- 2.2-
‘ 23 23 225 2.25 225 225
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2.2.7 S1as (Relay)

Lﬂuqﬂnstﬁﬁmﬁ"\ﬁLﬂuﬁaiﬁﬁé'nnﬁﬁ'nmﬁﬁmﬁ’u saalauiman Wi
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a’iaimuqu‘?‘lﬁ'muﬂ"m'lﬂﬂﬂ wisaanemusnsmemIlinulaiiiu 2 dszianfa

1. S1agMaI ( Power relay) niadiniSaniuwinaauunniaad (Contactor or
Magnetic contactor)lFluminiuguiifmas wnelwginiGadrruen

2. 3iafdnIuAY (Control Relay) Smnainmasinien T8lunesmuga
ma luAdmas i Lianmin viaanmmunifiagnisnauunnmaiinelng
SwdeueunsfiGaniuitg 9 Swd

wihflvasnauunniaal fa m's'l'l'i'ﬁﬂé'a‘lﬂﬁﬁﬂmuﬁ'aﬂLﬁa'iﬂmuqnmiﬁ'ﬂ
damasiwihdnauann asuunnine vldimmensaauquissiludunis
ug vasmun i e maimuauldSiedhamIanauunniaeihonuin
mU'Hﬁ'mmmﬁmiLiqﬁ'uﬁﬂfmuquua:ﬂaa‘fmmﬂaumﬂmﬁ dsWinA
flawdraadanvsniinlWiinszusas n‘s‘ﬂﬂﬂ'ms:uaaé’uﬁ'lﬁ%uag;ﬁ'ummanum.l
mslfaauunnme ldmansamugunernszozinaRemote) 16 Famldtiie
anuReensnudlfiseuluniauguiiasiii

AERUNNLABS (Contactors) KaNTARTIMINFURENIEIMLARBUR Ua:
'm'hé’uﬁ’aﬁ‘m‘?’ia;liﬁ'uﬁué"mﬁﬂﬁuﬁ'ﬁmﬂ'lwamauunnmas‘z'l'mﬂmamﬂu 2 &M
gudnEacIn YN Siuisesniiiu 2 dauesil ae

1. winSudERan (Main Contacts) lamn@usdmihdudanani 3 au i
srhumasiiih 3 s lguaimes wiolnaaflfuseswlniz e wihduda
wanvasrauunmaaiiinnaingnuusisnuaznizualags wihdudawaniingiia
tn@tlla (Normally open;N.O. contact)anesmny miFuRaa uLAEIIafa 1, 3, 5
wia L1, 12, 13 uazéulnaefa 2, 4, 6 w3a T1, T2, T3 dapl

2. wihduREtae (Auxiliary Contacts) wihdudarReiaen agie'ﬁuinf?mm
fuzRimnauunnaa’ Srwalinminszusldnimihfidismaihousanies
n dwmiduiairm veenunnes hamldassaian n3aidondi "holding” n3a
"maintaining contact” WihauRETIs i dudEwL o lWrasms lagazgnia
%waa'lﬂmui’amzmsga-ﬂdazmamammnma% anmymnumisuAaTIe xlius,
14 fwiunenunniesinimiudsisuulndida 1 7 i N.O. 'qaﬁ 2anilu
23, 24 uszwihsunasuumlndtleszlanwsmnuiu 31, 32 uas 41, 42
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(o4
| T )

widufemdn  soos ey
{Mam contacts) {Coil) { Aurxihary contacts)

gﬂﬁ 2.14 AguunniAasal Relay

2.3 mIsanuuusIauaulagifnmsdadmgma9say (Loop shaping)
A fd ar L) *r -v L4
suliismowntdsdinmedunuwrazuussfaiiuhwinyauns

fiaw (pre-compensation) #a W, 1HaWmIAASBINIITIRUIIOUSUAZRATY QL

o ¥ -~ [ . A o o
UM uaslivaEwimIinYaLYEna (post-compensation) fa #, LRafesUYD
o o~ e A o o o o de -
TUMIUIBINIATINIUALYNM (sensor) alinsdadmguus R NdaInsialaan

ar Qs e ar 1 A n' d
TUURRIMTINTUTIM (G, ) Ralidamumaludnanuddm Fmmnsfiausious

dad A o P . . a & v X
LRZATIUFIMUNATU !Jﬂ’]ilﬁmF.I’]ﬂij»)ﬂﬂ']‘ulﬂmuﬂ:llﬂ’muu‘mﬂﬂ']‘lﬂu

n

< .
171N 215 ﬂ’lﬂ?zﬂﬂﬂ‘]ﬂf}lﬂlﬂﬂﬂﬂ“ﬂﬂﬂ

< o 4 Y
AN 2.13 Q:uﬂﬂﬁﬂ'\ﬂﬁuu‘lqu‘}ﬂuuunauﬂﬁll T\’ll?:ﬂallvlﬂﬂ'!ﬂ

G
K

A -~
fia 32Uy (Plant) im0
fia §2AUHY (Controller)
a a A . J
A9 MAdaImslRIzUURaUAUas (Command)
fia La1NAYaITZUY (output)
fn fsumu (Disturbance)
- s P o . LY w
fia 11WAYAITELUNTINGITUNIY (Disturbance) 11 lldas
fia FWYIMIUNIU (noise) IINAIATINTLIRYYM (sensor)
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e A8 MeMaemaEan (Eror) EuinEmifindainslisuuasusuaiiv
LBARABBITTVY (y) %aﬁ&’m_,m_nmmmu (noise) MNAIATIIIUSYQYIN (sensor)
BRI |

y, @8 mﬁvgamaaszunﬁﬂuéﬁmmu (Disturbance) URZRQYQIILNIN
(noise) INAINTIRAURQYY M (sensor) 151l

« B BUNAVBITTVY (input)
I~y a a [
Ansansuumuguuuuilaundulumni 2.13 azld
e =r—-y-—n (2.3)

¥, = eKG (24)

a s a -
daunusanuaaainaan (e) luaums (2.3) asluaums (2.4) 324

¥ = KG(r—y-n) (2.5)

- - >
WamAroniansme (y) aeauuesld
y=y+d (2.6)

y = KG(@r-y—n)+d
y = KGr—-KGy—KGn+d
y+KGy = KGr—-KGn+d

Y1+ KG) = KGr—KGn+d

KGr KGn d 2.7
y= +
1+KG 1+KG 1+KG

A o : : a de LY

WaRaIIonNaaEIUITTNIN Lma‘vga'naﬁzuu (y) uasfifidasmsidzuusauauas
o a*» ca. A «»¥ ™

(r) Tﬂzm'uaﬁv!maﬁ:uumnaun'n (2.7) mrImgdndeImIliszuy

aauanas wle

Yy _ KG  KGn  d (2.8)
r 1+KG r(1+KG) r(1+KG)
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A o = [ all v a
LBNITHIFUNIIN (2.8) ﬂ'lilll.lﬂ".‘nﬂ'lﬂﬂ‘i’m’lﬂﬂ'lﬂﬁﬂdi:llll (K) IJﬂ'lgle'm‘]

(gain>>1) e

(2.9)

o s a de » ' &
IINVUATIN (2.9) ?:'ﬂﬂ'lﬂﬂﬂ']'llﬂﬂauﬂ\'l'nﬂﬂiﬂ']ii'ﬂf:l]l]ﬂallﬂ“ﬂdaﬂ'l\ﬂﬁ FUUN
w & o4 ;. a . da e al ey e
AU TUSIAIUNTISAN2ITTSVUAUNIT trackmg | ﬂ'lﬁuﬂﬂ‘lﬂﬂ"lﬂﬁﬂn'lﬂﬂ"ﬂ'ﬂﬂ\'l
FEUURAENINN G (gain<<1) 1S
Yo
¥
y=0 (2.10)
o “° a d e ~ . &
INFUITIN (2-68) Q:‘Hmﬂﬂﬂ?"llﬂﬂﬂuﬂdnﬁaimiiﬁi:unﬂﬂﬂﬂ“ﬂiﬂﬂ'l\ﬂﬁ I2Uun

(IS o [ s o a P. g el
1&uﬂa:uauawaa:naﬂ‘i:nunl.fluanumzunum:'luﬂ

Magnitude (dB)
— sEnrisudRiugusay

—— gmnmidndtugiunsay

P Frequency (radfsec)

0dB

M 216 UHUNINLUANRBATBITZ LU BRLAZNAIIASIIZINIITEL
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Magnitude (dB)

0dB Frequency (rad/sec)

d‘ A ar 3 1
AN 2.17 mwimmaaa'naﬁ:uunmmmaanﬂaammﬂ'mua:m'm'lu LUnau

VAITTUU USSHUTITORANATAINQANIUNIN IS
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2.4 lunagfeanitaa

L in

A Driver o=  TMS320C31
s R ""‘{l;l_: based DSP
o SPWM controller

31 2.18 gilasdunasiaad uaz Mimugu

P o P = 5

mn;ﬂ'nz.m namgaﬁmmgﬁlaaaunai‘ma‘?‘nuuﬂmaﬁmuﬂs:nawao
a P - o € I - a A a
aunmaﬂ*s:nau'lﬂmmgammﬂauna'imai AIN32ILART UREITIBUIIAU NN

Z o 4 a -
NTSURATI Vg, vy LIuTadupledunmemnumasy Insaszfaliuanudwmu R
P . -l . | “ €9 - AL A A - e

LNEBENILaa) mum'mm:aamsmmmaanjum'mn'ngw'mmana:maﬁnum_nm

) d 4
Veon UBZEIIIRIARBGALIEY Tdonaums

KVL uaz KCL @dluaums (2.11), (2.12).

d";t(‘) :%z; © @11)
di) 1 1.k
P ch(t) Rczc(t)+ 7 v (1) {2.12)

A A o s ¥ - A - ot -y

N Koy = Valvygs magnm'lﬂ tiugedmnugumsanuamsainfuuuNauud
T F v, [ -~ a X

Tagaanuuy x = [v.id Uss u = v, ma'lmw'lummamﬂ:ﬁmmuqnm‘nﬁuﬂﬁ

= o o -] . - A A’
Ho 30thaums (2.11), (2.12) danidswihaRpiiaanldai

. 0 ?]:- 0
x(t) = | PO gy 4O (2.13)
I & L

Go(s) tilmsummamuna NS iuras v, 014 v, fa
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ko, R
LCRs* +Ls+R

Gy(s)= (2.14)

PN - -~ [y P ° 2 [ P Y
Tumalfiflnaseniiu faenushumu R, ussdaniisnh L, ihexiugiiassld

(R, +Lys)
LCL,s* +LCR,s* +(L+L,)s+R

G(s)= (2.15)

s HITInEIMIA (2.14), 2.15) anhnsaisiev lueaanaliuina G(s)

= (1+/\(s)).GO(s) Taumsiam=Rasii

LL LR
“ 2P| 2 _Lis
R R

A(s)= 2.16
O = ICLs+ICR 7 +(L+ L)s+ R (10)
A(s)
Veom + Ve
=[G, .

. o H ' - - s )
7N 2.19 miai"'lﬂ'naauuuqmnﬁtﬂﬁuuuﬂmammuwau uazlsifinnawiuan.

lumssanuuusimugumMsIadgEUYaITaY Hye aulnainliludagfias
- 4
suwadiaailuunauil fa

V,=240—260 ¥,v_=10 V,,,60 Hz,

(2.17)
v,, =10 V,10 KHz,L =2.0mH,C =50uF,R =30Q.

fimuagilaalilizwaiing 1 KVA unduaninn 110 Vo, uazns
= P
WRsuulsssss Ry uazs Ly

R, €[12,],L, €[0,0.02] (2.18)

o Y :
pgInnNaan Llllll‘lﬁ‘i:ﬁﬂ‘]’l 4N
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A
unn 3
: . A
nIaanuuLuazaTwgiilad (1easdmasidiuuudaiiias)

3.1 msasnuuuNITERIIasIAat

Tumssanuuuasnsiunaiinefiu azlf Mosfet wad IRFP460 AimanIanu
nrzusls 20 A uasnuusianld 500 v lumseinds lesl? IR2110 fiudalesd &
sygnaduecldinen PIC16FS77A uuu PWM Tassm 29eseeniffiaen Dead
Time Uszanai 2 ps fausezanliiu Mosfet &

PIC16F877A DEAD TIME
!
BATTERY IR2110
RFP50N06

A ° .
51N3.1 udenlaazunsumaihnuvaduieiiae’

3.2 M3aaNLULIISIAA NS

[ a o [ - A o - .
mytusamna vasduneiined Suiludaslienealnd tavh s tig
ET_ Y o J L 4 »
w83 wame Lidwinadu lasswiazaanuuuly weelnd S 2 ps NN

T=RC (3.1)

a - » .
la R fia enaUeIU
caa ehﬂ'nmﬁuﬂi:q

J > ¥ ™» 3 3
Tulassruit 1F dranasuniu 20 Q samaiulea 0.1 pF lay
& M et o -
Tassnuit ezl4lad 4081 iwuanine 4069 (utaainm uaz 74HC541 Whaiines
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3.3 nsidanisndauilas
o Y Ail P S [y s [
swiundaulasnlslulasnssmmiasiimaulssdygmfmnasudu output
rassunafiaeililiusdugiiuasaiiygnadwisimenunfaniivaanie
P P o
washiianad 50 Hz Wlslumainu

3.3.1 enbaduauil (VA) nasnsiauilas

° o ) o o X . i
Fmuunasedmat iWihaadlulassnuiesimueruia 13 500 VA

3.3.2 RnamedmusinuLaznIzud
amlzund a:ti‘luﬁ*mﬁ?uu‘ﬁé’uyjﬁmﬁﬂnmmnmﬁuuaamaﬁ"a 2 qa‘?sa
wiinneunswlEzinm 12V
smumzuszian VA = VxI,
R
27,
500
24
208 A

b

dunRand aziuduuseau Output Fauzfvwrnusaan 220 Taad
VA

v

500

220

= 2.7A.

o & = .
AIUUNTTUFITUMN s

Is =

34 qﬂé’aﬂszquunma?
3.4.1. madanisuuaaaIulasean
. ° g dd a - - <
Tulasermundsisdsait wawmadnidanlfineziiuriisazni-nia Ja
.-~ P =] o - X
HiNuUY Fee maintenance Tw1a 7.5 wauwli-t1 1y Tasfluusieain i amiedu
A . - -~ s s & a -
Fuiluaadlumsisuiiymangnmlfmundshgliinasesm Wassnmaiie
o a . . o =i a S A
falunsdatszanminhy sumIdnlszanuamaTesiinuuuusIauaf tiasen
2 ° ° = e ] i
wuameIluunsdsing Wihdsasesimuuniindn wia standby Fawumeatiiin
' o o i o P, a a &
unsInRIMEasnss nhanlfluamizifisanuisn@raiszuums il asun
=] ™ v . P s = - v a o
UUALRETEABIONaNLTZIRAREALIAN Taﬂlummuuamasl.auua'nzamaaﬂs:qlnnu
a e [ Y - : . o A -
wwseatdsdannIanlzah i araduRduilasnnanasunumeln
5 o o ad d e &
uwuamaslesusssuninsliuuawmsTifedeuzailuuuy Float charge #i 14 Taan!



3.4.2 MmismasAeiAenlfowasasuuaiaa:
fnusdnenagaail

1.mas i finavasunssseInfqdses 500 VA 71 PF 0.8
2 ndmes 5§ wiiimasInaseaufiee’
3duaniawraduiaiinaiae 0.9

4 usondn@valwuaiass 24 Tasn

° =l o
Tumsdnammrmnauuaa ssfimuald
VA = lavuauilfnavasns:

PF = emmiafivintaadussnse

N = ts=RvEmwrasduiaiiaas
a = =l

V, = unaulnarauueaiasi

fasldihanuumeans = VA x PF x Efficiency of Inverter
= 500 x08x ——1—
09

= 444 4 Watt

v
7
= 208A

.
NRURINULKLADT

1

Viattery

druauus — wlue

t
WX(%)X( )

10 1
= 444-4X(—6'6)X(‘22)

. = 3.08 Ah

o & -~ Y Ao s o &
aaurunstaLauuls — talus cldvune 7.2 Ah nRAeralundITinInFEsan
"y
sylupamasiltlulassau
1.7%@ Sealed lead — Acid Battery 1u1a 7.2 Ah
k4 o k2 d:‘ o

2. A1FuUL standby iad W lduu 10 miimInesnaunaa’
3.mynnwiiuuny float charge

] [ = [ A
siemdmlzuuamenivuunusidund
5.mydatsylinTzuamringy 0.13 x 7.2 Ah = 936 mA
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35 n'ﬁaanuuua"mmuqu

fmsuiygumseugululassrmil 15 microcontrolier T4 PIC16F877A lu
MIRUKURYYIMEN 9 lasd microcontroller EARYGIMIINIMTINRN fufia
iamIad black out microcontroller frzldasadwiiu sine wave 50 Hz udnily
(Ui saw tooth fifiaaifl 2 KHz a=léFygnouiin PWM udnhaugno PWM #i
Iéiflusin dead time 3w fkuiudu IR2110 udaludy mosfet dalal

3.6 Sawtooth wave
5t015v
0 R
27Y
Zener BCS57BCS58/5K100
8 4
7
3
< 6 NESSS 1N4001
f:: 22K
2 5
1
.
il
—i— Vpp

N\

for R and C see text
3113.2 wesafunaunuGas d ic 555
° = i a o &
EaENIamMRResudvaInaunniaan aiit

Voo —2.7

S ="gev,

(3.1)

& > A - =] - . cd
'lu‘[ﬂsanumﬂhLaanhm'mmmﬂmaaﬂag'n 2.7 kHz
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3.7 naidanldalnyol RELAY
x - “ - - 0w * e o =]
Tulassruiinlaly relay fieamsaiuusiauwle 250 volt udidusindn
A -» A - 3 s = =l
Uszana 70% vasliad Seztzina lemealunm 1 gnedunianiib 0.05 Judl

3.8 mMslRanddintns
o & 9 wd -4
mEinseailassnuii lesanuuulihiulifsainm 25 kHz Fszaann
- oy -~ - -4 - -4
Lﬁanqﬂmtﬁmm?'m'lﬁ 2 Uy @8 IGBT iU mosfet Falassnuitiaidanis mosfet 99
- o . A o - . a T - -
immfgnnindiadioudy 1IGBT dwmalannnaminaslinerasunduuas
PUNABBINTZUN gm’hﬁﬁ’muﬂ'li' INTIC T NS INT R LT IaunTuITan

msswnuRadanlEdmaing s

fmuals

P= ﬁwé’a‘lﬂﬂ‘m‘nnqaﬁazfém

I = nrudliiilne

V = unidnlWih Auuameiiadhesinds

P=IV
I = 300/36
1=8333A

gandanunnnimimmueld 1.5 riesld 8.333 x 1.5 = 125 Amp
suusaussiianllinnndn 4 winaldiiu 36 x4 =144 v

o & A A v o €a_ Ad r - v a

FabTRASan T aINF TN N UMINIANUNILTINULASNTUE S fia mosfet
P | o“ W

1wa¥ IRFP460 T9MuUsIanle 500 V nunszuale 20 Amp

3.9 m3Aan TR TURIEINTBS
. - & v o P | ar “ e
Tulasssmitlely IR2110 Wusadudasindss Saiianunssaummesaiu
ar 23 A’ R Sack a“
sSyanudiamanadl mosfet 1t 2 d

3.10msasnuuURINITaINT=UE (Low pass filter)

o “ Py &
Tulasaruitlgldanud saw tooth 7l 2.7 KHz INTIZRSUUMIBANLLL low
L4 *» l: kd A 2 o p
pass fiter mslFaualidinin 2.7 KHz Fanldidanlszinm 1.6 KHz



n
unh 4
HanInNaaad
3 2009703705 021950
CHZ=SV Toms/Gv
DC 111 :
SR SO R NORIETORS/S
Ik
“*
STrace?= Mak S.200 | Freq 49:5mz : | Duly 48:5%
=Fter= =Offset= =Recard Length= =Trigger=
Smooihing : OFF CH1 : 80000V Main 0 1K Mode . AUTO
BW : FULL CH2: @DV Zomm: 208 Type : EDGE CH2 &
Detay : 0.8ns
Held OFF © WINIAAA
. .-
31N 4.1 SygaeuguRIeAUTIRALN 50 Hz
Stepped q 2008703705 012256
CHI=EV CI=5Y T Zmsydiv
e 11 DC 11 : (2msydiv)
SO SOt JOUSU S S 5 SOUUUOUE SOV SO NORMSHIS/s

gﬂﬁ 4.2 n W Sine uaz Saw tooth LN compare L1l PWM
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=Fiter= =Offsel=

Smoothing : OFF CHI :  QBOV Main © 10K

BW : FULL CcHz : 000V Zoom @ 25K Type : EDGE CH1 &
Detay :

Hold OFF © MINDAUM

A s et x ﬂ. 4 )
U1 4.3 sygnaiminmueuasin AR PWM Nl9a1nn13 compare 12w
Saw-toothfill adk laninasan Microcontroller



;
%
5

apf I - : -
»Tracels Mak 5.000V Fréq — D oDuly  —-
=Trace2= Max 5.200¢ :@ Fréq ~— I buly e

i
:
:

1

311 4.5 SygnaufisuaIes dead time (1)



....................................................................

SsFRv
(Sas/dav)
a0
=Trigger=
amo

daudas

Hold Gff - MINIMUM

Type : EDGE CH1 §

H 3 \
...................................................
H ' v

L 8
i 4

..........................................................................

- . .
AUFLRADUNAUNTUR

<

.........................................................................

o.nev Zoow
)

...................................................

CcHl
ciz
5111 4.6 11l

Stopped

CHI=Z8V
RC
Tracel=
=Filipr=
Smoothing = OFF
FULL

s1lfi 4.7 ?Jﬂﬁu PWM nausinuniiaulas



3 2009/63706 024518

)
/3,

R

t CH1
3 Y/DIV
: 200 Vv

=OFfset= =Record Lengih= =Trigger=

— Main: 10K Mode : RUTO

Delay

CH2 : ooy Zoom : XK Type : EDGE CHZ 4

D.ins

- Hold OFF ©: MBI

JUn 4.9 ;s.ﬂﬂﬁu PWM nadhundiawlal
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Stopped K 2009703706 063347
CH1=200V 1 I Emsfdv
AC ool I > (Smsydiv)

e e e T NORMAS /5

=] s 4 o 4 o
31 4.10 pladumnAZANAIU LC Filter 1
usasuiiléan syanm PWM

31]1"} 411 .gﬂﬂﬁu PWM naatin LC Fitter Sanwasiiluadwlsi
AN Sine



dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly



=Tracel=

plﬂ 4.14 m3irFannms andwivan ups

v o o e [ A 4 2
Tasldussduilennsygramnasui 50 Hz

UPS lanldPWM riu LC Filter
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g
i
:
2
3
8
8

AC 181 : (1Bms/div)
e e e S R SO, NORMC IS /5

=Tracel= Max 144.0V - Min -160.0V :@ Avg 7.469v
Frq 53i19Mz @  Duly 53;2% : :

000y Zoom: XK Type @ EDGE CIR |
Delay : 0.0ns
Hold OFF -  MINIMUM

gﬂﬁ 4.18 fignmzaaulnan 300 W



dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly



dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly



dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly



dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly
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4
unn s

agﬂum‘maaaa

nmmessmuhmisdggna PWM limslest inverter Taalwusaau
W% LC Fiter Iumminenszuginnulnas fuﬁqnmwmmwné’u azihlszfninm
anni ups mlflutaseme Sueohlimanouradlnae filzimsmmnnin
uszliisamanszny dannuaimiadlvan lan & THD wasdygnm PWM windu
9.9% usi @1 THD maaé’tymmgﬂ'émﬁuuﬁmu LC Filter 15w wiil 16.19% 3
wWuhllgmmwnhsthaiulede

mﬁﬂaan:uummtﬁamam‘tfiaﬁé"xmuquuuumnu laslglisunsauuam
uatmIFh SRS TN TR UuTIe Y uas iy uussuliaiosnm (el
miamunlaidnmivefauy ud R, L, € wuminifiashmse
WRen sas wissnmesssuuliadfidifimmmfisasmsly  lumansuiu ssuu
ﬁ'lxiﬁé"mauquuuumnmfu Walimmudsudwimieadlueuy  usisueziing
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mFanisidanlu Micro controller

#include <16f877a.h>
#fuses NOWDT,NOPROTECT,hs,noput,nodebug,brownout,lvp,nocpd,nowrt
#use delay(clock = 10000000)
#use fast_jo(d)
#int_rtcc
BYTE CONST SINE_WAVE[200] = {
'128,132,136,139,143,147,150,154,158,161,165,169,172,176,179,
182,186,189,192,195,199,202,204,207,210,213,215,218,220,223,
225,227,229,231,233,235,237,238,240,241,242,243,244,245,246,
247,247 247 ,248,248,248,248,248,247,247,247,246,245,244,243,
242,241,240,238,237,235,233,231,229,227,225,223,220,218,215,
213,210,207,204,202,199,195,192,189,186,182,179,176,172,169,
165,161,158,154,150,147,143,139,136,132,128,125,123,120,116,
113,109,106,101,99,95,92,87,85,82,79,76,73,69,66,63,61,59,56,
54,52,50,48,47.45,43,41,39,37,35,33,31,29,28,27,26,25,24,23,
22,21,21,21,20,20,20,20,20,20,21,21,22,22,23,24,25,26,27,28,29,31,33,
35,37,39,41,43,46,48,50,52,55,58,60,62,64,66,68,70,73,76,79,
83,85,87,91,95,98,102,106,109,113,117,120,124};
BYTE sine_index;
void main()
{ set_adc_channel(0);
set_tris_d(0x00);
set_tris_a(0x01);
while(true)
{ if(++sine_index==200)
{sine_index=0;}
output_d(SINE_WAVE[sine_index]);
delay_us(90);
}



SN74LS132

Quad 2-Input
Schmitt Trigger NAND Gate

The SN74LS132 contains four 2-Input NAND Gates which accept
standard TTL input signals and provide standard TTL output levels.
They are capable of transforming slowly changing input signals into
sharply defined, jitter-free output signals. Additionally, they have
greater noise margin than conventional NAND Gates.

Each circuit contains a 2-input Schmitt trigger followed by a
Darlington level shifter and a phase splitter driving a TTL totem pole
outpot. The Schmitt trigger uses positive feedback to effectively
speed-up slow input transitions, and provide different input threshold
voltages for positive and negative-going transitions. This hysteresis
between the positive-going and negative-going input thresholds
(typically 800 mV) is determined interally by resistor ratios and is
essentially insensitive to femperature and supply voltage variations.
As long as one input remains at a more positive voltage than Vi
{MAX), the gate will respond to the trausitions of the other input as
shown in Figure 1.

LOGIC AND CONNECTION DIAGRAM
DIP (TOP VIEW)

cinininininin

Exd

D)

Foemeddy a Snamon of Motorota
http:/lonsemi.com

LOW
POWER
SCHOTTKY

O T BT LT T L 2] D SUFFIX
GND CASE 751A
GUARANTEED OPERATING RANGES
Vec | Supply Voitage 475 | 50 525 | v ORDERING INFORMATION
Ta Operating Ambient 0 25 70 °C - -
Temperature Range Device Package Shipping
lon Output Current — High 04 | mA SN74LS132N | 14 PinDIP 2000 Units/Box
toL Qutput Current — Low 8.0 mA SN74L5132D 14 Pin 2500/Tape & Reel
" © Semiconduxior Components industries, LLC, 1999 R  Publication Order Number:
December, 1999~ Rev. 6 SN74LS132/D
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Vi, INPUT VOLTAGE (VOLTS)

Figure 1. Vi versus Voyt Transfer Function

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless ctherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Vs Positive-Going Threshold Voltage 15 20 \Y Vee =50V
Vo Negative-Going Threshold Voltage | 0.6 1.1 \% Ve =50V
V1. —-Vi_ | Hysteresis 0.4 0.8 \% Vec =50V
Vi Input Clamp Diode Voliage —0.65 -15 v Vee = MIN, Iy =—18 mA
Voy Output HIGH Voltage 27 34 \Y Vg = MIN, fgy = —400 pA, Vg = Vi
025 0.4 v Voo =MIN, Ig; =4.0mA, V=20V
VoL Output LOW Voltage
035 05 v Vec =MIN, Iy =8.0mA, Vg =2.0V
e m"e"m Positive-Going 014 mA | Vec=50V,Vi=Ve
b m”"“ at Negative-Going -0.18 mA | Vee=50V, V=V
20 pA | Voo =MAX, V=27V
Iy Input HIGH Current
0.1 mA | Voo =MAX, V=70V
I Input LOW Current -04 mA | Veo=MAX, V=04V
los Output Short Circuit Cusrent (1) -20 ~100 mA | Voo =MAX, Vour=0V
Power Supply Cuirent
lec Total, Output HIGH 59 11 mA | Voo =MAX,Viy=0V
Total, Quiput LOW 82 14 mA | Voo =MAX, Viy=45V

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AT CHARACTERISTICS (Tp = 25°C)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
torn Tum-Off Delay, input to Output 2 ns Vec=5.0V
o Tum-On Delay, Input to Output 2 ns CL=15pF




SN74LS132

3v
Vin
[1AY)

16V
\ﬁo.av
tor triy

Vour

VT, THRESHOLD VOLTAGE (VOLTS)
AV, HYSTERESIS (VOLTS)

VT, THRESHOLD VOLTAGE (VOLTS)
AVT, HYSTERESIS (VOLTS)

13V 13V
Figure 2. AC Waveforms
M =25C |
Vs
16
12
Vi
: p——

08 AVy
04

0 ' 1

45 475 5 525 55
Ve, POWER SUPPLY VOLTAGE (VOLTS)
Figure 3. Threshold Voltage and Hysteresis
versus Power Supply Voltage

19
17 Vs
15
1.3
1.1
09 Vi
07 . AVy .

-55° 0° 25° 75° 125°

Ta, AMBIENT TEMPERATURE (°C)

Figure 4. Threshold Voltage and Hysteresis
versus Temperature

3



SN741L.5132

PACKAGE DIMENSIONS
N SUFFIX NOTES:
SALALAAA PLASTIC PACKAGE 1. DRMENSIONIYG MD TOLERANCAG PER ANS)
f CASE 646-06 5 CRENSIONT 30 CENTem OF LaRES WHEN
(@] ? ISSUE M 4 mmmmsn
(‘1{ TR l‘} ‘ 5 ROUNDED CORMERS OPTIONAL ]
A | BRINETERS |
} Dl MAX
A .50
il r‘ ""l c =
N 1 1 1 4 2 2:%
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= = —4 ! @
p— _ ¥ K 343
PLARE JL LK J“”w~ : 7.18‘;10
—» H G DauarL M [l 101
BEETg
D SUFFIX e DRENSINING AMD TOLERAMCING PER AN
PLASTIC SOIC PACKAGE Y14.34, 1982,
A} CASE 751A-03 i Wamsmmﬂmﬂn@
HHHHHHH ISSUEF 4. MU NOLD PROTRUSION .75 009
L 8 5. DIMENSION D DOES NOT SNCLUDE DAMBAR
~B-| prp /J\ PROTRUSION
® 5 BT WATEARSWATERIAL CONDITON,
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_c Rx45°~.1 r_ F B
c
i y ] ] \ T
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%# are trademarks of Semiconductor Components Industries, LLG (SCILLC). SCHLC reserves the right to make changes
withouthirther notice toany products herein. SCILLC makes nowarranty, representation or guarantee regarding the suitability of its products forany particular
purpose, nor does SCILLC assume any liabifity arising out of the application or use of any product or circuit, and specifically disclaims any and all iability,
including without fimitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applicationss and actual performance may vary over time. Al operating parameters, including “Typicals™ must be
validated foreach customer application by customer's technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCiL L C produscts are not designed, intended, or authorized for use as components in systems intended for sungical implant into the body, or other applications
intended 0 support or sustain ife, of for any other application in which the failure of the SCILLC product could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCRIC and its officers, employees, subsidiaries, affiliates, and distributors harmiess against all claims, costs, damages, and expenses, and reasonable
attormeyfees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, evenifsuch claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

North America Literature Fulfillment: ASIA/PACIFIC: LDC for ON Semiconducior - Asia Support
Literature Districution Center for ON Semiconductor Phone: 303-675-2121 (Tue—Fri 9:00a2m to 1:00pm, Hong Kong Time)
P.O. Box 5163, Denwver, Colerado 80217 USA Tolt Free from Hong Kong 800-4422-3781
Phone: 303-675-2175 or 800-344~3860 Toll Free USA/Canada Email: ONiit-asia@hibberico.com
Faoc 303-675-2176 or 800-344-3867 Toll Free USA/Canada .
Email: ONiit@hibbertco.com JAPAN: ON Semiconductor, Japan Customer Focus Center
4-32-1 Nishi~Gotanda, Shinagawa—ku, Tokyo, Japan 141-8549
N. American Technical Support: B00-282-9855 Toll Free USA/Canada Phone: 81-3-5487-8345
Email r14153@onsemi.com
EUROPE: LDC for ON Semiconductor — European Support
German Phone: (+1) 303-308-7140 (M—F 2:30pm to 5:00pm Munich Time} Fax Response Line: 303-675-2167
Email: ONlit-german@hibbertco.com 800-344--3810 Toll Free USA/Canada
French Phone: (+1) 303-308-7141 (M-F 2:30pm to 5:00pm Towlouse Time! .
Email: ém‘);_ﬁm@mbheﬂwm ) ON Semiconductor Website: hitp/fonsemi.com
English Hmne.&1)303ﬂ‘<ma—7$?n(M-F130pmm5mmeKTune) For additional information, please contact your local
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MegaMOS™ IRFP460 v =500V
Power MOSFET I = 20 A
D(cont)
| Rygoy = 0.27Q

N-Channel EnhancementMode, HDMOS™ Family

D

G

S
Symbol Test Conditions Maximum Ratings TO-247 AD
Voss T, =25°C to 150°C 500 v
Ve T, =25°C t0 150°C; R, =1 MQ 500 \% 7
v, Continuous +20 v R 1‘ D(TAB)
Vosn Transient +30 A ]
1 T. =25°C 20 A
- ¢ N G = Gate, D = Drain,
ou T, =25°C, pulse width limited by T | 80 A S = Source, TAB = Drain
i 20 A
E.. T, =25°C 28 mJ
dv/dt g <l difdt<100A/us, V <V ., 35 Vins

T,<150°C,R;=20Q " Features

Py Te =28°C 260 w *® Repetitive avalanche energy rated
T, -55...+150 °C ® Fast switching times
T, 150 oC ® Low Ry, HDMOS™ process

. ® Rugged polysilicon gate cell structure
T -55... +150 C * High Commutating dv/dt Rating
M, Mounting torque 1.1510 Nm/b.in.
Weight 6 g Applications
Maximum lead temperature for soldering 300 °C * Switching Power Supplies
1.6 mm (0.062in.) fromcase for 10 s ® Motarcontrols
Symbol Test Conditions Characteristic Values

{T,=25°C, unless otherwise specified)
min. | typ. | max

Viee Vg =0V, 1,=250 pA 500 A\
Ves(m) Vs = Ve 1,=250 pA 2 4 VvV
foss Ve =320V, V=0 +100 nA
logs Vos =08V T,=25°C 25 pA
V=0V T,=125°C 250 pA
Rns‘on) Vg =10V, I,=12A 025| 027 Q
Pulse test, t <300 ps, dutycycle d<2 %
IXY'S reserves the right to change limits, test conditions, and dimensions. 92825D(5/98)

© 2000 IXYS Allrightsreserved 1-4



Symbol

Test Conditions

Characteristic Values
(T, = 25°C, unless otherwise specified)

R

i

4

Y
N

—

18]

el O e

Terminals: 1 - Gate

2-Drain

3-Sowce Tab-Drain

Dim.] Millimeter Inches
Min. Max. | Min. Max
A 4.7 53} .185 .209
A, 22 254| 087 .102
A, 22 26| .09 .098
1] 1.0 14} .040 .055
b, 1165 213} .065 .084
b, | 287 3.12} .113 .123
(o 4 8] .016 .031
D 120.80 2146} .819 .845
E (1575 16.26 | .610 .640
e 520 5.721{0.205 0.225
L 19.81 20.32 | .780 .80C
L1 4.50 A77
SP1 355 365 .140 .144
Q 588 6400232 0.252
R 1432 549] 470 .216
S 6.15 BSC 242 BSC

min. | typ. { max.

g, Vs =10Vl =12 A, pulse test 13 21 S
Co 4200 pF
C... Vs =0V, V, =25V, f=1MHz 450 pF
C.. 135 pF
tiom 23| 35 ns
t, Vis =10V, V =250V,],=20A 811120 ns
temn R, =4.3Q, (Extemal) 85{ 130 ns
t, 65; 98 ns
Qo) 135] 210 nC
Q. } Ve =10V, V  =200V,1 =20A 287 40 nC
Q. 62| 110 nC
R, 045 KW
R, cx 0.25 Kw
Source-Drain Diode Characteristic Values

(T, =25°C, unless otherwise specified)
Symbol Test Conditions min. | typ. | max.
i Vg =0V 20
b Repetitive; pulse width limited by T ,, 80
Vo [L=20A,V =0V, 18 V

Pulse test, t <300 ps, dutycycled<2 %

t. I. =20 A, -di/dt= 100 A/us, V=100V 570 | 860 ns
Q 57 uC

© 2000 IXYS Allrights reserved

4,836,592
4,860,072

4,881,106
4,931,844

5,049,961
5,063,307

5,187,117
5,237,481

IXYS MOSFETS and IGBTs are| covered-by one.or more ofthe following U.8. patents:
5,017,508
5,034,796

5,486,715
5,381,025
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Figure 1. Qutput Characteristics at 25°C
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Figure 5. Drain Current vs. Case Temperature
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Figure 2. Output Characteristics at 125°C
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L7800

SERIES

POSITIVE VOLTAGE REGULATORS

OUTPUT CURRENT TO 1.5A

OUTPUT VOLTAGES OF 5; 5.2; 6; 8; 8.5; 9;
12;15; 18; 24V

= THERMAL OVERLOAD PROTECTION

u SHORT CIRCUIT PROTECTION

= OUTPUT TRANSITION SOA PROTECTION

DESCRIPTION

The L7800 series of three-terminal positive
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.
Each type employs internal current limiting,
thermal shut-down and safe area protection,
making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A

2
output current. Although designed primarily as DPAK 103
fixed voltage regulators, these devices can be
used with extemal components to obtain
adjustable voltage and cumrents.
SCHEMATIC DIAGRAM
WPUT SERIES ouTPUT
1O PASS O
ELEMENT
CURRENT SOA
I
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPLIFER
THERMAL
PROTECTION
l L5
$- 2584
February 2003 1/29




L7800 SERIES

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter? Value Unit
Vv DC Input Voltage forVo=510 18V 35 v
‘ for Vo= 20, 24V 40
lo Output Current internally Limited
Piot Power Dissipation Internally Limited
Tag Storage Temperature Range 6510 150 °C
T Operating Junction Temperature |for L7800 55t 150 oC
°°  |Range for L7800C Oto 150
Absolute el\éﬂaximum Ratings are those values beyond which damage to the device may occur. Functional operation under these condition is
not implied.
THERMAL DATA
Symbeol Parameter D?PAK TO-220 TO-220FP TO-3 Unit
Rihjcase | Thermal Resistance Junction-case Max 3 5 5 4 ‘CW
Ripj-amb |Thermal Resistance Junction-ambient Max 625 50 60 35 “C/IW
SCHEMATIC DIAGRAM
> 2 . 4 & O IN
ﬁR& Rria R8 R13
r_l
Qs D2
/ N
Q16
[ Q12 "
S H’E;TH Q17
T Q15
Riz2
RS m’iD M
a1 S QouT
éﬁ Qs
Qs 4
R6
R20
15 R16
4
Am | |r? R1 R2
C1
Q7 4 |_. :
‘ 34 Ums
Q1 Qz Q3
Rl{ﬂ R3 R14%
g o S5-L958 -
2129 17}




L7800 SERIES

CONNECTION DIAGRAM (top view)

| ——————3 outkuT 3 ouTPUT
O Be——— TR ) 3 GROUND
[ 3 INPUT T INPUT
€S05710 CS05708
TO-220 TO-220FP
Ly
1 OUTPUT
GND ]
1 INPUT
Fan
PC11920C
D?PAK TO-3
ORDERING CODES
OUTPUT
TYPE TO-220 D2PAK (9 TO-220FP TO-3 VOLTAGE
L7805 , L7805T 5V
L7805C L7805CV L7805CD2T L7805CP L7805CT 5V
L7852C L7852CV L7852CD2T L7852CP L7852CT 52V
L7806 L7806T 6V
L7806C L7806CV L7806CD2T L7806CP L7806CT 6V
L7808 L7808T 8V
L7808C L7808CV L7808CD2T L7808CP L7808CT 8V
L7885C L7885CV L7885CD2T L7885CP L7885CT 85V
L7809C L7809CV L7809CD2T L7809CP L7809CT 9V
L7812 L7812T 12V
L7812C L7812CV L7812CD2T L7812CP L7812CT 12V
L7815 L7815T 15V
17815C L7815CV L7815CD2T L7815CP L7815CT 15V
L7818 L7818T 18V
L7818C L7818CV L7818CD2T L7818CP L7818CT 18V
L7820 L7820T 20V
L7820C L7820CV L7820CD2T L7820CP L7820CT 20V
L7824 L7824T 24V
L7824C L7824CV L7824CD2T L7824CP L7824CT 24V

(") Available in Tape & Reel with the suffix "-TR".

4]

3/29




L7800 SERIES

APPLICATION CIRCUITS
2
0.33uF OduF
5-2709/2
TEST CIRCUITS
Figure 1 : DC Parameter
' 1 2
Oo— l } L78XX |
Vi Ci |3' VCo

v,
04 ,uFr °

$-2709/2

Figure 2 : Load Regulation

O——o-—‘-
Vi e —%
0.33uF —ov
30us
o— J_ _ s-mbn{)
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FUleSU THE POSSUSILITIES ERE IRFINITE

HIGH POWER RELAY

1 POLE—12, 30,40 A
(FOR AUTOMOTIVE APPLICATIONS)

FRL-274 SERIES

B FEATURES

¢ High current switching and carry by using new conductive materi-

als.

e Suitable jor automotive applications such as ABS, power assisted

steering.etc.
s High heat resistance (40A type)

Designed for use in high ambient temperature,
compartment, and able to carry continuous current of 20 A

in+126°C.
o New contact material

New contact material formulation which is resistant to welding.
e Three types of contact gaps (0.4mm, 1.0mm, 1.4mm)

= ORDERING INFORMATION

such as engine

1. 40A Type
[Example] FRL-274 N D012/81 C Y_ -01A -001
@ @® (© @ (e () @ O
(a) | Series Name FRL-274: FRL-274 Series
{b) Enclosure N : Plastic sealed type
(c) Nominal Voltage D012 :12VDC
{d) Carrying Current 81 1 40 Atype
A :1formA
(e) | Contact Arrangement c - 1form C
) Contact Material Y ; Silver-tin oxide
()] Cover Terminal 01A : wicover, wide terminal width
(h) Custom Designation To be assigned custom specification




FRL-274 SERIES

B ORDERING INFORMATION
2. Standard Type

Example) TRE274 N D 012701 C S -01A - ()
’ (@ () (© @@ & 6O @ 6O @ G)
(a) Series Name FRL-274: FRL-274 Series
(b) Enclosure N : Plastic sealed type
. D : Standard (nominal power 1.7 to 2.1 W)
(© Coit Type H : Low power (nominal power 0.6 W)
. 009 : 9VDC
(d) | Nominal Voltage 012 - 12 VDC
024 :24VDC
01 : Standard gap (0.4 mm gap)
(e) Contact Gap 51 : 1.0 mm gap
' 61 : 1.4 mm gap
A : 1 form A (SPST-NO)
{f) Contact Arrangement c - 1 form C (SPDT)
{g) | Gontact Material Y ; Silyer-tin oxide
. A . standard terminal width
(h) | Cover Terminal 01A  : wide terminal width
()] Custom Designation To be assigned custom specification
. Nil : Standard tray
@ Package -S : Carrier tube




FRL-274 SERIES

B SPECIFICATIONS
Specifications
tem 12V Battery
24V Battery
30A 40A
Arrangement 1form A (SPDT-NO), 1 form C (SPDT)
Material Silver-tin oxide
: o Max. 300mV initial (at 5 Amps, 12VDC)
Voltage Drop (fesistance) |y " 500mV after durability fest (at 5 Amps, 12VDC)
Ratin 14 VDC 30A (motor | 14 VDC 40A {motor |28 VDC 12A {motor
9 lock) lock) lock)
. . 51: 1.0mm gap
Gap 01: 0.4mm gap 01: 0.4mm gap 61: 1.4mm gap
Contact 20° C
20" C: aop continuous 20° C:
Max. Carrying Current 30A continuous 125° C: 30A continuous
40A 10 minutes "
20A continuous
40A 10 minutes

Mechanical: 1,000 operations/hour
Electrical: 1,800 operations/hour

Min. Switching Load % 0.6 W minimum

Max. Switching Frequency

(reference) (50 mA minimum)
Coil Operating Temperature -40° C to +85° C (no frost) (refer to Characterstic data)
0}
Storage Temperature -40° C to +100° C (no frost)
Resistance Minimum 100M £ (at 500VDC)
Insulation
Dielectric Strength 500 VAC 1 minimum
. 0.4mm gap: max.10ms 1.0mm gap: max.10ms
Time Operate (at nominal value) 1.4mm gap: max.15ms
value Release (at nominal 0.4mm gap: max.5ms 1.0mm gap: max. 8ms
value) 1.4mm gap: max.10 ms
g Mechanical 10x10° operations minimum
ife
Electrical 100x10° operations minimum
Vibration Resistance 10 to 55 Hz (douhle amplitude of 1.5mm)
Shock Misoperaticn | 100m{s? (11! ms)
Other

Resistance | pngurance | 1000mis? (112! ms)

Weight Approximately 20g

*1 Values when switching aresistive load at normal room temperature and humidity and in a clean environment. The minimum
applicable ioad varies with the switching frequency and operating environment.



FRL-274 SERIES

M COIL DATA CHART
Must Operate Coil
Contact | Nominai Coil Coil Resistance Voltage
Type Part Number . Tempera-
Gap Power | Voltage (x10%) at 20° C .
20° c| 80" C | ture Rise
FRL-274NH009/01
\ , a5 0 21
avDC O Y-00A 135 63V |78V
lower e e .
FRL-274NH010/01 Approx.
Q
power | 10 VDC 0 Y-ooA 165 70V | 87V 35 C
0.6W
12v FRL-274NH012/01
Q
Battery 0.4mm 12 vDC OvY-ogA 240 84V [ 104V
Standard FRL-274ND009/01 : Approx.
W vl TAASA AL Q
1.7W 12 VbBe OvY-ooA 85 65V | BOV 75° C
40A type FRL-274ND00S/81 a Approx.
0.87W 12vDC 8 Y-01 165 63V | 80V 65 €
FRL-274ND024/51 Approx.
o
o4V 1.0mm 17W | 24VDC OY-00A 340 168V | 210V 75 G
Battery FRL-274ND024/61 A
FRL-274ND024/61 P Approx.
1.4mm 21W | 24VDC OY-ooA 275 & 168V | 210V 85 C
B CHARACTERISTIC DATA
1. MAXIMUM BREAK CAPACITY
60
.
—_ L WA Y ”
g §§ W w——_— Test circuit A Test circuit B
5 95 VNG eNwW
g 20 D SAND M
2 15 \\\ 2 E————r—o
'5 10 \ \ Locked motor L
| ﬁ'm"?:g% A \\ \ resistii/.re ioad
.'g 5 S }:iij ) %}
-g o [¢1] Mmgan'la
O Bt
fmem @) Vmmgpp: 8
10 15 20 25 30 3540 50

Voltage between contacts (VDC)



NES555, SA555, SE555

PRECISION TIMERS

SLFSO22E - SEPTEMBER 1973 — REVISED MARCH 2004

® Timing From Micraseconds ta Hours NES55...D, P, PS, OR PW PAgKAGE
® Astable or Monostable Operation SERS D3 O b PAAGE
® Adjustable Duty Cycle {TOP VIEW)
® R : -
':":;L"-_g;r:op;t:ﬂe Output Can Sink or Source o[ 1 U sl vee
TRIG[} 2 71} DISCH
description/ordering information Outfla  &f] THRES
RESET[] 4 5] CONT
These devices are precision timing circuits
capable of producing accurate time delays or SESS5 . . . FK PACKAGE
oscillation. in the time-delay or monostable mode (TOP VIEW)
of operation, the timed interval is controlled by a o % o8 o
single external resistor and capacitor netwark. In 20z
the astable mode of operation, the frequency and /M ILIIILT
duty cycle can be controlled independently with VTS | PR TN
two external resistors and a single external TRIG|] 5 17[} DISCH
capacitor. NGl s 16[] NC
The threshold and trigger levels normally are ouTii7 15[} THRES
two-thirds and ene-third, respectively, ef V. NC|ls 9 10 1 12 1314[ NC
These levels can be altered by use of the IO
control-voitage terminal. When the trigger input QhoEbQ
talls below the trigger level, the flip-flop is set and = a “5*
the output goes high. If the trigger input is above x ©
the trigger level and the threshold input is above NC -~ No internal connection

the threshold level, the flip-flop is reset and

the output is low. The reset (RESET) input can override all other inputs and can be used to initiate a new fiming
cycle. When RESET goes low, the flip-flop is reset and the output goes low. When the output is low, a
low-impedance path is provided between discharge (DISCH) and ground.

The output circuit is capable of sinking or sourcing current up to 200 mA. Operation is specified for supplies of
5V to 15 V. With a 5-V supply, output levels are compatible with TTL inputs.

5 Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disciaimers thereto appears at the end of this data sheet,

Copyright © 2004, Texas Instruments Incorporated

PRODUCTION DATA hdommation Lm&irmﬂm date,
conform by s’m instrumsats On products compliant to BRL-PRI38535, all parametors are tested
o o et *? TEXAS Procetsing does nck acassorty Bk e oo rodscion
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



NES555, SA555, SE555

PRECISION TIMERS

SLFS022E ~ SEPTEMBER 1973 —~ REVISED MARCH 2004

description/ordering information (continued)

ORDERING INFORMATION
v
a X PACKAGET PARTNUMBER |  MARKING
Vee =15V
PDIP (P) Tube of 50 NES55p NE555P
Tube of 75 NE555D
. SoiC () Reel of 2500 NES55DR NESSS
0*Cro70°C n2v SOP {PS) Reel of 2000 NE555PSR N555
Tube of 150 | NE555PW
TSSOP (PW) Reel of 2000 NES55PWR NS85
PDIP (P) Tube of 50 SAS555P SA555P
~40°C to 85°C 112V Tube of 75 SA555D
soie @) Reel of 2000 SAS555DR SA585
PDIP {P) Tube of 50 SES555P SE555P
Tube of 75 SES55D
-55°C t0 125°C 106V soic®) Reel of 2500 SES55DR SESSSD
CDIP (JG) Tube of 50 SES55JG SES55JG
LtCCC (FK) Tube of55 SES55FK SESS5FK
T Package drawings, standard packing quantities, thermal data, symbolization, and PEB design guidelines are available at
www. ii.com/sc/package.
FUNCTION TABLE
RESET | yvouracet | voumaced | OUTPUT | PGl
Low Imelgvant Irglevant Low On
High <13 Vpp hirelevant High Off
| Righ >1/3 Vpp >23 Vpp Low On
High >4/3 Vpp <2i3Vpp As previously established

¥ Voliage levels shown are nominal.

‘Q‘ TeEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



NE555, SA555, SE555

PRECISION TIMERS

SLFS022E — SEPTEMBER 1973 ~ REVISED MARCH 2004

functional block diagram

RESET
4
R1
3
R 4 ouT
s

F A\ ” osscn

GND

Pin numbers shown are for the D, JG, P, PS, and PW packages.
NOTE A: RESET can override TRIG, which can override THRES.

@ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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KBPC1000/W - KBPC1010/W

10A HIGH CURRENT BRIDGE RECTIFIER

Features
® Diffused Junction — A —»p - A —p
® |ow Reverse Leakage Curr_ent I C l . C '
® | ow Power Loss, High Efficiency .G T 1 G
® Electrically Isolated Metal Case for TI= S = EIRC Lol
Maximum Heat Dissipation D ,q} +] IC C _gb‘ :
® Case to Terminal Isolation Voltage 2500V ¥ |- ~ vl - i~ 1D
@ UL Recognized File # E157705 = 18 S
—
Holle
- 28T
Mechanical Data 2o }a?l E E
® Case: Metal Case with Electrically LodoL_ fB v I :___i fB {
Isolated Epoxy
® Terminals: Plated Leads Solderable per KBPC KBPC-W
MIL-STD-202, Method 208
® Polarity: Symbols Marked on Case KBPC KBPC-W
® Mounting: Through Hole for #10 Screw Dim | Min Max Min Max
. A 28.40 28.70 28.40 28.70
® Weight: KBPC 31.6 grams (approx.) B To07 T 057 23
KBPC-W 28.5 grams (approx.) c 15.70 16.70 17.10 19.10
® Marking: Type Number D 17.50 18.50 10.90 11.90
“W~”  Suffix Designates Wire Leads E 22.86 25.40 30.50 —
No Suffix Designates Faston Terminals G Hole for #10 screw, 5.080 Nominal
B H 6.35 Typical | og7¢ | 1070
All Dimension in mm
Maximum Ratings and Electrical Characteristics @T,=25°C unless otherwise specified
Single Phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.
s KBPC | KBPC | KBPC | KBPC | KBPC | KBPC | KBPC
Characteristic Symbol | 1500w | 1001/ | 1002w | 1004w | 1008/W | 1008w | 1010w | UNE
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwMm 50 100 200 400 600 800 1000 v
DC Blocking Voltage VR
RMS Reverse Voltage VR{RMS) 35 70 140 280 420 560 700 \'
Average Rectified Output Current @T, = 50°C o 10
Non-Repetitive Peak Forward Surge Current
8.3ms Single half sine-wave superimposed IFsm 200 A
on rated load (JEDEC Method)
Forward Voliage (per element) @l =5.0A VFEM 1.2 v
Peak Reverse Current @Tc =25°C IRM 10 MA
At Rated DC Blocking Voltage @T. = 125°C 1.0 mA
Typical Junction Capacitance {Note 1) Cj 300 pF
Typical Thermal Resistance {(Note 2) ReJc 6.3 Kw
RMS Isolation Voltage from Case to Lead Viso 2500 \'
Operating and Storage Temperature Range T, Tsta -85 to 150 °C

* Glass passivated forms are available upon request.

Note: 1. Measured at 1.0 MHz and applied reverse voltage of 4.0V D.C.
2. Thermal resistance junction {o case per element mounted on heatsink.

KBPC1000W — KBPC1010W

1/ofi3

©®,12002 Won-Top Electronics



lr. AVERAGE FORWARD CURRENT (A)

lrgpy PEAK FWD. SURGE CURRENT (A)

20 B B M — 100
#ounled a0 a < —
220 x 220 x 50 mm + -
AL plate heatsink —] 4
]
&
15 o
Q
[a]
<
%
10 O
w
\ 7}
|
~ 2
\ E
5 AN E 0.1 =
= i —
Resistive or = N it
Inductive load i Pulse Width = 300ps
o 1 1 I -~ 0.01 1 i 3
0 25 50 75 100 125 150 0 02 04 06 08 10 12 14 16 138
Ta, AMBIENT TEMPERATURE (°C) Vi, INSTANTANEOUS FORWARD VOLTAGE (V)
Fig. 1 Ferward. Current Derating Curve Fig. 2 Typical Forward Charactenistics (per element)
400 T T _ T 1717 1000
Single Half-Sine Wave =
(JEDEC Method)
300
™y
2
w
O
200 &
. 5 100
\\ 2
g 5
100 T~ G
\\
—
]
T;=150°C
0 |
10 100 10
0.1 1.0 10 100
NUMBER OF CYCLES AT 60 Hz Vg, REVERSE VOLTAGE (V)
F|g 3 Max Non-Repetitive Surge Current Fig. 4 Typical Junction Capacitance (per element)
< i i -
=L T T
= T;=125°C —— et
lﬁ':-' JUS —
14 10
o
[$]
w
0
hd
g
m 10
i d
w
o
(@]
I
Z
& 0.1 ] r 4
Z 7
e T,=25°
% / ——//
20 40 60 80 100 120 140

PERCENT OF RATED PEAK REVERSE VOLTAGE (%)
Fig. 5 Typical Reverse Characteristics (per element)

KBPC1000/W — KBPC1010/W
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ORDERING INFORMATION

Product No.

Package Type

Shipping Quantity
KBPE1660 Square Bridge 58 Units/Box
KBPC1000W Square Bridge 50 Units/Box
KBPC1001 Square Bridge 50 Units/Box
KBPC1001W Square Bridge 50 Units/Box
KBPC1002 Square Bridge 50 Uniis/Box
KBPC1002W Square Bridge 50 Units/Box
KBPC1004 Square Bridge 50 Units/Box
"KBPC1004W Square Bridge 50 Units/Box
KBPC1006 Square Bridge 50 Units/Box
KBRPC1006W Sgquare Bridge 50 Units/Box
KBPC1008 Square Bridge 50 Units/Box
KBRC1008W Square Bridge 50 Units/Box
KBPC1010 Square Bridge 50 Units/Box
KBPC1010W Square Bridge 50 Units/Box

Shipping guantity given is for minimum packing guantity enly. For minimum order

quantity, please consult the Sales Department.

Won-Top Electronics Co., Ltd (WTE) has checked ail information carefully and believes it 1o be comrect and accurate. However, WTE cannct assume any
responsibility for inaccuracies. Furthermore, this information does not give the purchaser of semiconductar devices any license under patent rights to
manufacturer. WTE reserves the right to change any or all information herein without further nofice.

WARNING: DO NOT USE IN LIFE SUPPORT EQUIPMENT. WTE power semiconductor products are not authorized for use as critical components in life

stipport devices or sysiems without the express written approval.

Won-Top Electronics Co., Ltd.

No. 44 Yu Kang North 3rd Road, Chine Chen Dist., Kaohsiung, Taiwan
Phone: 886-7-822-5408 or 886-7-822-5410

Fax: 886-7-822-5417
Email: sales@wontop.com

Internet: hitp:/iwww wontop.com

KBPC1000/W — KBPC1010/W
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www.fairchildsemi.com

LM741
Single Operational Amplifier

Features

* Short circuit protection

+ Excellent temperature stability

« Internal frequency compensation
= High Input voltage range

= Null of offset

Internal Block Diagram

Description

The LM741 series are general purpose operational amplifi-
ers. It is intended for a wide range of analog applications.
The high gain and wide range of operating voltage provide
superior performance in intergrator, summing amplifier, and
general feedback applications.

§DiP

Rev. 5.0

©2000 Fairchild Sermconductor Intemational



LM741

Schematic Diagram

Q13

Absolute Maximum Ratings (TA = 25°C)

O VEE

Parameter Symbol LM741 Unit
Supply Voltage vVece +18 \
Differential input Voitage Vi(DIFF) 30 v
Input Voltage Vi +15 \
Output Short Circuit Duration - Indefinite -
Power Dissipation PD 500 mw
Operating Temperature Range ToPR 0~+70 °C
Storage Temperature Range TsTG 65~ + 150 C




LM741

Electrical Characteristics
{(Vcc =15V, VEE = - 13V. TA = 25 °C, unless otherwise specified)

. LM741 N
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Rs<10KQ - 2.0 6.0
input Offset Voltage Vio mv
: Rs<504Q - - -
Input Offset Voltage - _ " R
Adjustment Range VIOR) | Vcc =120V 15 mv
Input Offset Current lio - - 20 200 nA
Input Bias Current IBIAS - - 80 500 nA
Input Resistance Ri Ve =20V 0.3 2.0 = MQ
Input Voltage Range Vi(R) - 2 | £13 - \"
Ve =+20V,
) ] RI2ZKQ VO(P-p) =£15V ) ) .
Large Signal Voltage Gain Gv VimVv
Vec=HISV. 1 20 | 200 | -
VO(pP-P) =10V
Output Short Circuit Current Isc - - 25 - mA
Vce =+20V | RI210KQ - - -
Output Voltage Swi V. RIZ10KD ' " - %
utput Voitage Swin -
' g g OF-F) Vee =15V | RIZ10KQ 12 | +14 -
RI>10KO $10 | +13 -
o i Rs<10KQ, VoM =+12V 70 90 -
Common Mode Rejection Ratio CMRR dB
Rs<500, Vem =12V - - -
Vce =15V to Vee =115V ) ) N
s . Rs<50Q
Power Supply Rejection Ratio PSRR dB
Vce =115V to Voo = 15V 77 96 A
Rs<10KQ
Transient Rise Time R - 0.3 -
Unity Gain i
Response Overshoot os - 10 - %
Bandwidth BW - - - - MHz
Slew Rate SR Unity Gain - 0.5 - Vips
Supply Current lcc RL= o2 - 15 28 mA
. Vece =20V - - -
Power Consumption Pc mw
: Vcc =118V - 50 85
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Philips Semiconductors Product specification

s

PNP general purpose transistors BC556; BC557
FEATURES : PINNING
s Low current (max. 100 mA) PIN DESCRIPTION
= | ow voltage (max. 65 V). 1 emitter
T2 |base - T
APPLICATIONS 3 collector

» General purpose switching and ampiification.

DESCRIPTION 3
PNP transistor in a TO-92; SOT54 plastic package. s —
NPN complements: BC546 and BC547. ip— 2‘<
MAMZ81 1
Fig.1 Simpiified outline (TO-92; SOT54)
and symbol.
LIMITING VALUES
in accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo colliector-base volitage open emitier
BC556 - ~-80 \'
BC557 - -50 \'
Vceo collector-emitter voltage open base
BC556 - -65 \'
BC557 - —-45 \'
VERO emitter-base voltage open collector - -5 \Y4
Ie collector current (DC) - -100 mA
lom peak collector cumrent - -200 mA
lBm peak base current - -200 mA
Prot total power dissipation Tamp £25°C - 500 mw
Tstg storage temperature -65 +150 °C
T junction temperature = 150 °C
Tamb operating ambient temperature -65 +150 °C

1999 Apr 15 2



Philips Semiconductors

Product specification

PNP general purpose transistors

BC556; BC557

THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihja thermal resistance from junction to ambient note 1 250 KW
Note
1. Transistor mounted on an FR4 printed-circuit board.
CHARACTERISTICS
Tj = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
icao collector cut-off current E=0:Vep=-30V - -1 -15 |nA
lg=0; Veg=-30V; T;= 150 °C - - -4 pA
leBo emitter cut-off current le=0;Veg =5V - - -100 |nA
hee~ | DC current gain loc=-2mA; Vg =-5Y,
BC556 see Figs 2, 3and 4 125 |- 475
BC557 125 |- 800
BC556A 125 |- 250
BC5568; BC557B 220 - 475
BC557C 420 |- 800
Veesat collector-emitter saturation lc =-10 mA; Ig =-0.5 mA - —-60 {-300 |mV
voltage lc =-160 mA; ig = -5 mA - 180 [-650 |{mV
VBEsat base-emitter saturation voltage | lc =-10 mA; Ig = 0.5 mA; note 1 - -750 |~ 7 |ImV
g =-100 mA; Ig = -5 mA; note 1 - -930 |- mV
Vge base-emitter voltage Ic=-2 mA; Vce=-5V, note 2 ~800 1-650 |-750 imV
le =—10 mA; Veg = -5 V; note 2 - - -820 Imv
'Ce collector capacitance lE=ig=0;Vcg=—10V;f=1MHz — 3 - pF
i Ce emitter capacitance lc=ic=0;Vgg=-0.5V;f=1 MHz - 10 - pF
fr transition frequency lc=-10mA; Ve =-8V; =100 MHz | 100 |- - MHz
F noise figure lc=-200pA; Ve =-S5V, Rg=2kQ; |- 2 10 dB
f=1¥kHz; B=200Hz
Notes

1. Vpesat decreases by about —1.7 mV/K with increasing temperature.

2. Vge decreases by about—2 mV/K with increasing temperature.

1999 Apr 15
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV LM2902KAV

QUADRUPLE OPERATIONAL AMPLIFIERS

SLOSD66R - SEFTEMBER 1975 ~ REVISED JANUARY 2005

2-kV ESD Protection for:

- LM224K, LM224KA

- LM324K, LM324KA

- LM2902K, LM23S02KV, | M2902KAV

amplifiers that are designed specifically to operate
from a single supply over a wide range of voliages.
Operation from split supplies also is possible if the
difference between the two suppliesis 3Vto 32V
{3V to 26 V for the LM2902), and V¢ is at least
1.5 V more positive than the input common-mode
voltage. The low supply-current drain is
independent of the magnitude of the supply
voltage.

LM224, LM224A, L M224K, L M224KA . ..

IM124...D, J, ORW PACKAGE
LM124A ... J PACKAGE
D OR N PACKAGE
-D, N, NS, OR PW PACKAGE
D, DB, N, NS, OR PW PACKAGE

LM324, L M324K ..
LM324A. ..

® Wide S|_|pp|y Ranges LM324KA ... D, N, NS, OR PW PACKAGE
- Single Supply ... 3Vto 32V LMZS02K ., 5B, N, NS, OR P PACKAGE
(26 V for L§!2902) LM2902KV, LM2902KAV . . . D OR PW PACKAGE
~ Dual Supplies ... +1.5Vto =16 V (TOP VIEW)
(=13 V for LM2902) )
® |ow Supply-Current Drain Independent of 10UT [} 1 14] 40UT
Supply Voltage . . . 0.8 mA Typ 1N-{f2  13] 4IN-
® Common-Mode Input Voltage Range N+ [} 3 12f] 41N+
Includes Ground, Allowing Direct Sensing Vee f} 4 1l GND
Near Ground 2iN+ ] 2 10 Z]l 3IN+
® Low Input Bias and Offset Parameters 2?;3_}% . : 1 gquT
= Input Offset Voltage .. . 3mV Typ
AVersions ... 2mV Typ
= Input Offset Current. .. 2 nA Typ
— Input Bias Current . . . 20 nA Typ Li124, Lngg;’.‘}lmmnee
A Versions . . . 15 nA Typ - e
® Differential Input Voltage Range Equal to _é_ 8 o 8 é
Maximum-Rated Supply Voltage ... 32V - Zs% T
s/ CIICITIET
{26 V for LM2902) 3212 d,
® Open-Loop Differential Voltage 1IN+ 1] 4 18 [ 4IN+
Amplification . . . 100 VimV Typ NC [Ts 17 [ gﬁD
® internal Frequency Compensation vﬁg % ;3 :g E NG
description/ordering information L 1L R L E Ly
R irarar
These devices consist of four independent 150k L
high-gain frequency-compensated operational S0 7% 8 =
o™ (32}

NC - No internal connection

Applications include transducer amplifiers, dc amplification blocks, and all the conventional
operational-amplifier circuits that now can be more easily implemented in single-supply-voltage syslems. For
example, the LM124 can be operated directly from the standard 5-V supply that is used in digital systems and
provides the required interface electronics, without requiring additional +15-V supplies.

Copyright © 2004, Texas Instruments Incorporated
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description/ordering information (contmued)

ORDERING INFORMATION

AX -
W [ e | e | e
LM324N LM324N
PDIP (N) Tubs of 25 LM324KN LM324KN
Tube of 50 LM324D
Reelof 2500 | LM324DR Lm324
Soic 0) Tube of 50 LM324KD
Reelof 2500 | LM324KDR LM324K
7mv 30V Reelof 2000 | LM324NSR Lm32a
SOP (NS) Tube of 50 LM324KNS
Reelof 2000 | LM324KNSR Lim324K
Tube of 90 LM324PW
Reel 0T 2000 | LM324PWR L324
TSSOP (PW) Tube of 90 LM324KPW
Reelof 2000 | LM324KPWR L324K
0°C to 70°C Tubs of 25 LM324AN LM324AN
PDIE (N) Tube of 25 LM324KAN LM324KAN
Tube of 50 LM324AD
Reelof 2500 | LM324ADR LM324A
SOIC (D) Tube of 50 LM324KAD
Reel of 2500 | LM324KADR LM324KA
Reelof 2000 | LM324ANSR LM324A
3my BV sop () Tube of 50 | LM324KANS
Reelof 2000 | LM324KANSR LM324KA
SSOP (DB) Reel0f 2000 | LM324ADER LM324A
Tube of 90 LM324APW
Reelof 2000 | LM324APWR L324A
TSSOP (PW) Tube of 80 LM324KAPW
Reel0f 2000 | LM324KAPWR L324KA
LM224N LM224N
PDIP (N) Tube of 25 VY T
Tube of 50 LM224D
smv oV Reelof 2500 | LM224DR LM224
soic () Tube of 50 LM224KD
Reelof 2500 | LM224KDR LM224K
~25°Cto85°C Tube of 25 LM224AN LMZ24AN
PDIP (N) Tube of 25 LM224KAN LM224KAN
Tube of 50 LMZ224AD
3mv v Reelof 2500 | LM224ADR LM223A
Soic (D) Tube of 50 LM224KAD
Reel 0f 2500 | LMZ24KADR LM224KA

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at

www. ti.com/sc/package.
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
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ORDERING INFORMATION (CONTINUED)

MAX
™ Azsc | TESTED PACKAGET PART NUMBER MARKING
Tube of 25 LM2902N LM2902N
PDIP (N) Tube of 25 LM2902KN LM2902KN
Tube of 50 LM2902D
Reel0f 2500 | LM2802DR L2902
SOIC(0) Tube of 50 LM2902KD
Reelof 2500 | LM2902KDR LM2902K
Reel of 2000 | LM2902NSR LM2902
26V |SOP (NS) Tube of 50 LM2902KNS
7mv Reel 0f2000 | LM290ZKNSR LM2902K
-40°C to 125°C Tube of 80 LM2902KDB
SSOP (DB) Reelof 2000 | LM2902KDBR L2902K
Tube of 90 LM2902PW
‘Reel 6f 2000 | LM2002PWR 12002
TSSOP (Pw) Tube of 90 LM2002KPW -
Reel0f 2000 | LM2S02KPWR L2902K
oy |S9CO) Reelof 2500 | LM2802KVQDR L2002KV
TSSOP (PW) Reel of 2000 | LM2902KVOPWR L2902KV
ymv oy 1SOCO) Reel of 2500 | LM2502KAVQDR L2902KA
TSSOP (PW) Reel 0f 2000 | LM2002KAVQPWR L2902KA
CDIP () Tube of 25 LM124) LM124J
CFP (W) Tube of 25 LM124W LM124W
5mv 30v  |LOCC (FK) Tube of 55 LM124FK LM124FK
-55°C 0 125°C Tube of 50 LM124D
Soic (@) Reelof 2500 | LM124DR LM124
CDIP () Tube of 25 LM124Al LM124Al
2mv 30V
LCCC (FK) Tube of 55 LM124AFK LM124AFK

TPackage drawings, standard packing quaniities, thermal data, symbolization, and PCB design guidelines are available at
www li.com/sc/package.

symbol (each amplifier)

IN+
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LM124, LM124A, LM224, LM224A, LI324, LM324A, L2902, LM2902V,
LM224K, LM224KA LM324K, LM324KA, LM2902K, LM2902KV LM2902KAV
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schematic (each amplifier)

Current Current
Reguiator Regulator

z
3

GND
To Other
/77 Amplifiers
COMPONENT COUNT
{total device)
Epi-FET 1
Transistors a5
Diodes 4
Resistors 11
Capacitors 4

T ESD protection cells - available on LM324K and LM324KA only

‘U TEXAS
INSTRUMENTS

4 POSY OFFICE BOX 655303 ® DALLAS, TEXAS 75265





