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ABSTRACT

For this context , we will refer to the distribution and protection system of EGAT ¢ S
electrical system that compose of . Long line system from Mae Moh to Tha Ta Ko.
Medium line system from Tha Ta Ko to Nong Chok Short line system from Nong Chok to Bang
Ka Pi. Lightning , wind , or animals always cause the fault of the distribution system
end meke it's no stability so we plan the protective relay for these problems. Protective
relays in this thesis are . Over and under Voitage relay use to trip circuit when there are
over and under voltage that may be caused the useless equipments. Phase sequence relay
use to trip in when there are some incorrect in phase sequence, and , some equipments

surh as motor are destroyed by the incorrect ' phase sequence.
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STYLE DIMENSIONS CONTACT COIL SWITCH
(incheh) RATINGS | voltage , power | TIME(ms)
General 12 o2 H 3to10 A |[6,12,24, 120V
Purpose 09 tol5 W 28 VDC 12 WDC 15 to 30
plugin 09 to 04D 240 VAC 2 VA AC
General 04 to 0.7H 1 to 5A [6,12,24,48V
Purpose 0.6 to 1.2 W 28 VDC | 24, 48 VDC Sto 10
Miniature| 04 to 0.75 D 240 VAC | 0510 1 W
03 to 05 H- 0502 A |[6,12,24 VDC
REED 09 to 12W 5toS0W {5 to 400 mW
03 to 08D 28 to 250 02to1l
Also available in VDC& AC (Coil to 1V
a DIP format available)
Hermatic | 0.3 to 09 H 05t0o5 A 4 to 32 VDC
TO-5 06to 1 W 28 VDC | 120 mW 5
03 to 05 D 115 VAC
RF 04 to 1 H 10to 25 W | 5to 50 VDC
08to 1 W 250 mW Sto 10

M39A 22 AnNaTvESTRdTiiaA1eY
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CONTACT |APPLICATIONS| TYPICAL COMMENT

RATINGS
Bifurcated , ["Dry" and low | 0to 0.2 A. Low,steady contact
goldplated , |current RATE to 120 | resistance
or goldoverlay | Measurement best for 24 V

and signal switch| or less

Oxidizes easily.

Silver communications | 2 to 5 A be gold-flashed for
storage protection.
Silver Porwer, inductive Resistance welding.
cadmium and capactive arc-extinguishing
oxide loads. High in- | 5 A and up characteristics. Less
rush current suited below 12 V

% o L) J 4 g
aunsude ez hifam Indaeuauaudiu m18las T =rc madu RL AMIE -
] 4
Tas T = LR uazvinavemsuiFeaszaunson ladw IaoldngueTeruy
V peak =1eoad * R series
vngll 24b uaz 2.4c Wuussuidsansdildliiod 1l o s Muaoenladnsa
(@D (Metal-Oxicle Varistor) (MOV) UazAM1F1a05 FWTIAU Break down U84 MOV
Y ' v oa vy P = - % o
wdnInATusNTinveumaInuedNaud 60 Hz finliadianvziily 1.414 voeszdy
RMS aziiludsgll 2.4c
4 Ad a o 4 as o Y a .4 ! Y o W
WelnmnTnaanitlududanmes ussaugaezmldifanisorsnsznhamhduda
4 a 4 o aan [y @ ar 2
vazila mIoinuzifadenios lasmsilqfsndueimasunsziwsdungalva Jadlu
1 L] o L. Qs A le 1 Y
aungin luszdesdimsSrdauswu o fmsudiSadauannoedl “blowouf magnet’
= Ve o & ] g ot o ar 4 & [y ac
dalinaouuna Funimanfisziludidamnisersn mdoudulunasaninvesiis
-] a

»
o a [} o & g (] a o
ddinaseussgninmlasvaalauiman Aviuduninserind imwsa lummihduda

> & 4 .
Bndranile1d mazaniunsedmigaiihivualy

2.7 ¥ilausnod

Siadn Tl 19huTad dauSiaduuugmlszmdnall uaziuumnessiadey
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1900 TWie® dniudsdeadlaleadnareniwly nalumsaSadvestiadessriuiunefis

N LA »w Ao Jo a a ddy o o 4 4 a o dd
laUull“ﬂﬂ buzz HITIOUNY 2 HUUVUNTAIATNE ﬂ\i“ﬂlﬂﬂlﬂﬂﬂ’]i“ﬁﬂlaUQﬂﬂJﬂ'l YU

(XY o dléudyo M a o u’uzdoy Y] 1 as
pynunsuavesiad dedeilmihnesafedudames Asiulanidussduss Wdumanunse

wadamsni 22 Gdanldldied exlidrda Infhgenduuudd

O. 81 D1 L1
‘i + Bl (LOAD)
Focenen Lo
A
) 4
(o] S1 g F:: Ri Ll
7 Vi~ SR
%/
B
(L C.I-L.IJJF )
o, Si
'\T D R1 (LOAD)
&
C

= v ad A a a  w 4
517 2.4 uamsmsaauswudsadiel Inaadiududnmos
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2.8 STULADUUNAYBISIAY (Relay Contact Systems)

I'4 { ° s o
TuTiaduvylih-nanalafldiausedudi ldiidasuunave S iadJansoidla
A (=] o o U - o A 1 o8 A o 1 ]

uaziloyahFiadihaneznaneanud  SadtanTedlaneuunaududnsd Sadaulng

a :’ v  a t 4 ar 1l A A <
seiiadFefa 1y wieldhiminduesdqald ez ldndudhdiiay iWenuaoumlag
] } 4
i liuhauiunua 'ty

=) L] a ] A A - t =) 1

aouunA Lol 2 vila Ao aouunawiafilacn@itlaeg (Sun1 normally open

or make contact H3PABUUNAUUY a) uazAeuuNAYiiaf laoUndllaeg (Sund1 nomally

closed or break contact 158 ADUUNALLY b)

H o J o

WeoSmdinuTaslaneuunauuy a v5e Wassuunauuy b veiSenn Sadiau
] a W . 1 0' o o kA ¢ o A v a 1 ['4 4’
M3 WABW (picks up) uazAdIgAanszhIvTadihau aledoyq udwingud yula)
= T ¢ v o b1 A 6t A wa M s
a1 “ahan” vie “aivinew” vedsiad
é = o o o @ o 1] A A
WeTmdvinulasaouunauuy  a Mandu lldadwmuinganiodian (reset)
[ 1o > T I v 4 o e o
wionouunauuy b a wifunifiad “Augdumiudy” uazdmigegafissinldisiadm
] y g U - f 1 le T a 4
wull (ilefoyn aasmaMasHam) wiTonhimgduniuAuyedsiad
4'! =t o ] (r-| to t a = (- o
Wosmdianouuna  a ud lAUGAUNUUAY 15199790 TT5100MQA (drop-  out)
] o Y a ] dy = [ 1 A ' '
uazmgegani MinawuileziFend) Amaa i maTonom
aouunavesTdemeziiuuuAugAmiuAND:  SonAUAUBY  (self reset)
¥ [ o 1] d' L3 & 4'! o 1
MEANYT ABULNAITEYluAwMIIIN (Ua n5e Ua) mwzilielisn AuRN (con-
1 =1 L) rel a
trolling quantity) ¥4 nszuauualll aeuumaRznduAUgAUIBS
é 4 o ar ' o 1 a
aounmadauuuriuiuiuuideldiie uie Trivhldadugdumiady aoulna
o ' ° ' Ao A oA a2 P 4 Yoo
uuutieeeg ludwmisivhaudiemfinuauiiaitedg vitauds fasihaniusenely aou
o o ] o ] : 9 A A 1 o 2 W a 10 T a
unandaegludwmiain sededldiionoszuumiman Iihdaiunduingdumiudy
Faddulngfildlunsilesdulees  sedlunuuiifugduniadues  udddes

mifenezhlfifunuuiidedldliednda1d Taol¥ansalivoueedis

o

#usuSaduuundesldie wieszuuuumin ihanduiutnee ilesudy
o

9 a

Avalidygudeies niedsamsiiegluaniizienl’ (ock-our

L 7
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* o I[’ oll
Normally open-self reset Normally closed-self reset
—
* o . o
> °_*
Nomally open-hand reset Normally closed-hand reset
e o * @
—— T
Time delay on pick-up Time delay on drop-off

Ui 25 uamsnouumanyudng Famnfozdon  udumis fduds o
(un-operated %39 de-energized) “lﬁ1'1°lun1sﬁw1umnﬂﬂa1fuﬂzazjn}u'15 Tan
Tdildnuguisedu g afnawhemezegludumisindnud lusugd - (Dia-
gram) 9z@ouneuunnegluduimuudy asludwmusluniaow

luynsaiaeuunarnoudalugy

1
-

Nomally open Normally closed

11 26 AsuunAvESIAl

SidAlHlumtlostunes  Tasmaineziindhinfamldes nie niw ndaiqes
Taofinalnlumsdanddes wfe wiw swsdunuuvaaialedussd (solenoid) uasdl
unumin dezlthlanadn datch) Taoase uislunsdifinalnldnarwsunuuausaus
(energize) NITNIN NTO YAMIANTN (tripping coil) 1AUATY M0 D1vzledLs  @dyae
wie ©onFA63 (auxiliary relay) UFWAMIAMUA (rating) YBWATIA  HAZSIUININT

P
nunaUy

Tagndnmsudreesninez higann  fle ezilszaeudeaindniugu dwmsunsn
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P} . =) o 1 os A LY a & 9/ o
A10ilo (hand-trip) tazaBUUNAYBT@IABYUINAY (BesfaAultes NS lFuunines
a a o 1 Ve . 4 Y u a e’dﬂ v p- )
HAzNaINYYIY (auxiliary switch) (DU a mdgﬂﬂdﬂuiﬂﬂﬂﬂﬂ’lmi FINTUITADIU
d' a d'i s a' =1 I'4 a [] Y]
Tiwedlarevsninie lnda1esdla  ledninaauunavessadlndse Iiamisonaiees
¢§ a [ Py o Y o 1 LY 4 Y] o
a0 FamudndAszdsuldainditlatwsiui flndaesta  moeldnisdesdudinla
v < ot Y ey @ . " v
pgnias7 lunstinlndasesavaziimsdaisesoguda
a o d'l [Y] d' d' s o’: o 4 1 9/ o ¥ aiu P-} ]
Simdiluinsostafifiosnss aaiuaouunaveuiuds iasaseshinihiida nse de
1 o 3 Y] s Y]
N3 lusnszuagen Sduuugaunuman (attracted armature) §992 3 IWANUUZYDY 1ATOITA
o 9/ 9 u 4 Aw ¥ 1 & :I”
HAZADULUNAIADS (contactors) 191 1AA2eM 1 Telldnuaizagseninnanues nSesapnuyii
o e’; 1 1 . Ld=]
auiuerseziuld1dd1 dresnuvulddeulinisnounnaasy Siadaolee
s ] o
FANDIIITUUUADUUNAINDT IANDAUAT

o 4 A ] [ e o A IJ tw o ] U = & Pt 9 A A
Flaguuyusy mu“l'nﬂﬁzmmni:mﬂuwag umlmuwaamumﬂaauﬂﬂ o7

=

mdogTudumuailsuls  (ser) usenih-na (electromechanical) sxgnms13lay usida

o w

[ b} 4
Fans@finvzsinannuansolunstalesvesaouunaliinn rilneuunanaiuqda

-1 a

TunFsudgatufziinnfinzlanouumanioudunaivg a1 Tasmmzdfuuur  (align-

v
LY S

1l [ L ] 9/ 1) a o 9/
ment) 118 Auiuiadnes ludesidnouunanag 4 uazlavlnddine: 1daouunn
wefiiTniipezda wienedes  Swdhluunsnsdez 195 adla-dadgesinsw'lnda
o 9/ < A a a’;’ T = o o Lt o
wesvnaidnlaoass (Jasnnslffhumugaunuiniing ddadslundeafofuSiadiia
Taovi IS nduuuaua@n (static relays) ainozdiaeesdmiy msdauen 910299305 W
nio uuiluluga (modules) nsiauvedluga n“lmmw"lunwaﬂaiu aafilémin
TfuuuiiesnSonIRuTiaduun Wihna uazneuumames
dmsuanlndaresvnalug  MasIdihidesnsdmiuninladarssudazda
} 4 3
Aoudege uazuenninmiuszuutlosiussuuifvisvezdesdaininlndalsesnaoda uen
: as 9/ o - o 9 4 9 aa ocf . .
nnuiienzdesmsdygraiou lifidesniungu niedsinsiiduinesden(interiocking)
) t 4
fums Mamuuusy e msdalees lnlivs(autoreclosing) MIMINULLUTTD1
A P a ¢ ' a . . .
wldSimdnFondt Tiaddaaddourianatonsuuna (multicontact tripping relay)
A at 173 ar
FaozgniianuTasTiadtlesiu  (protective relay) uazezilnouunanieesn (output contact)

& a0 o 1w oy
PINANTNUAUANA NN UATIUNADINIG
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unt 8

N1Tai1aNaTRaNILL

4 d o .4 U4 s o
3.1 2993 [ovsusud ounes 12aMae 5188 (over and under voltage relay)
sohaulessuy Ifhiihd IihgumTedinifisidmua awadmuavens e
naauvlszmelng  EGAT) dnuadwssduge wieduiuly fid +15%, -15% voese

a & Ao 4 ¢ @ . o « P 4
Uﬂ‘lﬂﬁ'ﬂjﬂﬂ ‘KQIN?Qﬂiﬂ“TﬁBQS%UUﬁQN'I 'NTI?T'EJI'JB? UDUA BUIADT I?ﬁﬂlﬂﬂ Y W

]
<2

Hamdndn 127 Taad Fedszuunsedulfhgandr 14605 Toasl aadlu 15% ves 127

v
v A

T S laodoulimsuhssuusduliih  Aundiisaiida]d uadhszuy

@ ° v A& d o 0
usanuIdfadindn  107.95 Taan Fuihu 15% ves 127 Taan Swadavzihaiulauifiou

1 as ; 1 A w 'n’: Y ao o o 4 a
Tnswiszvuusaau Idfdiniifidange 13 FaRdalesiFuduodssuuusiaua
v
wsadSuuasld TaslfuTlaguasiinavesszun
o o ¢ @ o o ~ o
3.11 AMINIUYBIN9T 10193 B DuaDs 1aanme Siad

: o 1 {0 a — 4 ¢ o [ 4
VYUABUNITNINIUVDINDG llﬂ:ﬁ’)ﬂﬂizﬂﬂn‘ﬁﬁ1ﬂmﬂﬂd T?Jl’]ﬂi UaUA DUIRDT
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[

Tavie Siad Taail
' P P Y Ao w
daul 1 @fl esxvmdhifudygiaTading vnszunithids wh
msanvinad Iz auiums 14au
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daufl 2 ssihdggranszuaaduiildnn Af viihasudadiidu nszuaass e
1F1ufulsesdiaansefiaduossiaan 11 '
1) d' o =) =2 a d' -t d' cas a o 1 (]
daunl 3 sihmsSoumsudygra #Aldnndun 2 Audyanadudeiutiu ednls
[ ] i o o ° ; a ] °
lasdeglugresisidimua szuuldiifesdhaudeldIRaunind uadrgansods
nmis it mua fevdedyneludidui 4 as'ly
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TN P.T.

RECTRIFIER

e =
L nf3uiney >

szuuiln@

a ¢
SUY stadg

a ° S P W o g o o
Eﬂ"ﬂ 3.2 HAAINITNINIY UDII999T Tfmas DUA DUIADT T'Jamm ay
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@ ¢ ¢ w ¢ s a4 e
5'1Uﬂ15§‘ljﬂ‘iilﬂl’0~1 2995 10195 uouA dumes Tiavine Siad

§18013 M, oy RLTELY
I 4 =y o v o Y]
1L.A5UU SHames 0.25 Iaa 56 Q 3 a2
4 A 4 o o Y]
2. MiUBU SHames 025 Jaa 330 Q 3 @7
['d oM o o o o
3. ATUDU SHames 025 Jaa 820 Q 3 @7
o e 4 w o ar
4. MIVOU TFAADS 0.25 Tan 1kQ 6 A7
o a o a o Y]
5. ANFUOU SHaAABT 0.25 Jan 22 kQ 3 @3
4 AA o v d o
6. ATUDU THAADT 0.25 IAA 5kQ 3 @2
o a4 I d v o )
7. AMTUOU SHaAADT 0.25 A9 10 kQ 6 A7
o oy e 14 w o a
8. MFusU STawmes 0.25 Jaq 15kQ 3 67
o a o o o Y]
9. ATTUDU THANDS 0.25 1A 18 kQ 3 f2
I'd AA o w o as
10. ATUDU STHAABS 025 Tad 20 kQ 3
o A o [V 4 'Y}
11. ATUDU SHames 025 A9 22 kQ 3 @2
o s o v o = Y
12. Miveu T¥maes 0.25 aa 33 kQ 3 @1
4 A d @ d a
13. MUY THaAMeT 0.25 IH 1.5 MQ 3 @7
14. 21551810 SFanT 10 kQ 3 M
15. laTon 1N4001 6 7
16. laTon 1N4148 9 A
17. lnTon ' LED 6 A7
18. nswudeaes BC 458 6 @1
o aw o a a as
19. msthddes danlas ladn 33 uF 3 @
o o o a = o
20. m51hdnes danlas lafia 100 uF 3 @
o o I'd o s
21. msthdaes luans 1 F 3 @2
I'4 ~ 4 o o
22. mith$iees lums 47 uF 3 @
23. lo% LM324 3 M

i o ¥ s )
M3ef 3.1 uaasgUnsalang vees Tenes uoud suaed Taavine Siad
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32 13 wadnu Tl ( phase sequence relay )

wedinndied smhiiersaeunsfsaiavesszunld 3 e Feezlimsasie
@oU 2 AunUe Ao dunulAua D (mdandeudad Step down transformer)
fuRamsSvadafavzinasens Fnuvesgnsal i ld W 3 o Wy woiney
e Iusinesifansuyunduiiama

MANNITNIIUYDY Phase Sequence
mmsﬂu‘u'amsﬁm‘uaamﬂu'd’mq it

dwftl  hmsasvwiaussauinih 220 voit @-L) TasnisAeuuIufy Potential
Transformer HazMNFUsUvHIANTIdUATAsNT1E R devider 1ABlidAT 181U RY(R1+R2)
eliivinamunzendunsinu duglnsel L.e.

dufi2 udauved2aes Zero Detector vzviin1s W dayanm adwdyanw Pulse
tifousefuil Tnput euflugué uaz Diodel 9391113 Rectify Wiuiaw1e Pulse fiduuan

wazesdl 11 imiwully Buffer

be

1 ‘:’ o ar < o o
aIUN 3 l‘ﬂu’Niﬁﬂi’]ﬂﬁﬂUiﬂﬂ‘mﬂﬁ Taolindnmsasi

- iedgygrunnme A W sehldifaduana pulse 191917 clock ¥BY IC6

s [

¥ 1c6 Udvedtyna Output 52U High

1
U ke

- Wedygnunniva B i1 9218An1s AND senindqenal Phase B Audnynna

L g o

v
<t

Output Q 7 1C3 sedfimamitifadyn s Input 197H 11 Clock U84 IC6 921 Output Q
¥ed IC6 Inamalasuseaunn High i1 Low unu

- edygnmuniaa ¢ Whan wifian1s AND Audyana Q Output 183 IC6
& - s =l o Y
FaiiseAy Low 1214 Output vea IC3 1 Low Level uazaziinam iy Output ves 1c5 1y

Low Level ¥i9¢lulimadenisidouszAudya s Output ¥0d IC 555

A @ —

Wufledyaufioannin 3 ¥ed IC 555 finudlu o

duh 4 defamsSoarafia wiidynia High Level 08aufitn 3 wod IC

L

é s ¥ o a o § -3 o
555 gaszaudgygrmilezilfifants Bias Tr1 Wiy switch 1 Relay ifanis

Trip
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Yyanaain P.T.

Zero Detector

f33aaay
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U 3la

a o = = [ 4
z‘lh’l 3.6 UAAINITMINIUYBY 195 (adnu Siad
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Xl = a o
$18M159UNIT0IA1Y 18995 adnnu Siad

TwnsgUnsel 1, Mnuiay MU
mfueuTFmaes 0.25 Jad 50 k@ 6 A7
msueusFames 0.25 Jan 560 Q 3
mfvouTTmaes 0.25 Jad 10 xa 4 M
miveuTTmaes 0.25 ad 20 kQ 3 M
msueuTFames 0.25 Jaa 1 ko 1 M
msveuTTames 0.25 Jad 5 kQ 1 @2

Dipn.lica 50 V 001 uF 4 M
Electrolytic 16 Volt 100 uF 2 M
Electrolytic 16 Volt 47 F 1 67
Rectifier Diode 1N 4001 4 67
LED Color Red - 1 a2
Transister NPN BC : 337 1 A7
" IC LM 324N 3 61
IC 7408 1 @2
IC 7432 1 a1
IC 7473 1
IC 555 1 @2

M7 3.2 uerasgUnsaiaeguednes adinou Tind
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=t

3.3 193530109 3180 (earth leakage relay)

¥
[ LY

=) a'd' o 9 & a - (a P Y] 1 Ld
1i‘lusmunmnumﬂsninJnszufm'lnaaqﬂumﬂszmmﬂmmmi‘luaumwmauqyu
P- 1 o o 1 Ao a a’: 9 ° P
Tndzimihidaaeseenvinszuulanfis19za 1310 relay Hauinszua 5 ma

Tumsiuer w05snine Tiad Wi uauluszuy i dideeseg deifansy

M - PN ] 'o w o ° @ 4 a o @ o

uairanwdunnanmuae 1 JufssiimsdanszualaeansinInaaniui dmsud
. y » y 1 4 »
unUINesAadd 18555009 S1ad wseshinisanaald o dwnds D vy esnin

HudaiioglndFadud19 il 018Tlestusunsoldfud1vih

10Ka 10Ka
AW ———T—AA——
3+ Vee
BKn 5Kn

- Vee

U 3.9 nama2es BIsInne Siad
910317 3.9

daudt 1 Wudiuvesmsfudyanaannnnszsuameods Tagkuadumy 150

M
o o

@2 i to v converter 119 CT nladnszualumodiasunegluszdudioz
o ar o [ 1 4
Mdmsviaduds fAezgrulasdygnuon  curent 15U voltage Tawesludaud 2

wazdMEUnTaIdY R IMATINREY Fetloanudyana spite Tl Tumeluiad
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' ] L 4
a3 rectifier AYYIW AC voltage #i lduniuszgamlasiieylugives  Dc
voltage Iﬂtﬂjﬂ precision full wave rectifier JMaIUN 3 ‘d]fdﬁ"ﬂgﬂlu'liu DC voltage flaludun
yd o { o 1 1
3 fdnsvdludyanaini ¥ nsed ludaudeld
1 d' s ci 9/ 1 d' o g o s t
@2Uil 4 comparator FRygIR DC voltage N1 A9 NduR 3 svgarhunnlTou Houdum
P & c’: 9 &4 o A Vo o aa -: ] ]
DC reference voltage Heansodiuas1d eldlumsdadunfiany Aadnfinatunie
P | . A = o ' a a ¢
@IUN 5 delay time Woaulsoumeuuaasilianuralnavesnszualulay
1 9 o oy #a [ dy Q Y o
yoeszuunda evdudniynesnunfidlszanal +vee dygnafiszgainminmandou
a A 9/ o't . v o o A
tnsvesdyaar +VeC 42 RC network iin191)53 Toanilums coordinate MiSiad yadus
& o : ] oo Y
Tuszuy FansadSuamarlumismiasnn ldidadumu
1 = o ] 1Y n’: 1 &4 <t
AIUN 6 ABUWITUABS  (comparator) lasiianuAiumuainuielToy
o [y ¥ P 4 3/ o g =} Lot a
Wsufuszuuveddaun 5 Tasasumisunes oz lddyanaudmiynvedSiadnldlumanin
I o & a A o v e I ar 1 43 1
weina winned lassrdansnwedyyudiui 5 manhdgrudiunnem s
v v e L4
@7Uufl 7 monostable multivibrator dyanaNFINTw MnTiadiue v limsiauida
da o a ; Y A ] [ & o d' ]
199790NYDUFDIAA LUTAINBTAANAIA IAITBI9 1IN T IIF Y U TanTnids e
a o c,: a 2 o Vv o a o T ] .
wiignamdwinull deeveziilfioesna wsamed Lidanundusulunis
a’/’ 9 o 1 ci Y] d' & a Yt 1 'a' (] az T
aneseon maessiudesiiduiiaindyyuidmin Widhwnaegirunmain
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MAKNUIN A

Absolute Maximum Ratings

It Miltary/Aerospace specifled devices are required, please contact the Natlonal Semiconductor Sales Olfice/Distribulors for avalfabliity and speclifications.

{Note 9)
LM124/LM224/1.M324 LM124/LM224/1M324
LM124A/LM224A/LM324A a2 LM124A/LM224A/LM324A LM2902
Supply Voltage, vt 32 Vpgor £16 Vpg 26 Vpcor £13Vpg Storage Temperature Range ~65°Glo | 150°C --85°Clo 1 150°C
Dilferential Input Vollage 32Vne 26 Vg Leund Temporaluro (Soldering, 10 seconds)  260°C 260°C
Input Voltage -03Vpglo +32Vpe -0.3Vpglo t 26 Vg Soldering Information
Inpuat Currertt Dual-In-Lino vmn.rmce
Vi < =0.3 Vpg) (Nole 3) 50 mA 50 mA s mo___,%;._a (1 w 2_,,833 260°C 260°C
g mall Outline Package .
Pouar Disaipation (Note 1) Ao v s A Vapor Phase (60 soconds) 215°C 215G
Cavity DIP 1260 mW 1260 mW Inlrared (15 seconds) 220°C 220°C
Small Oulline Packago 800 mW 800 mW See AN-450 “Surface Mounting Methods and Their Elfoct on Product Reliabitity” for
Oulptst Shon-Chreult 1o GND othor methods of soldaring surfaco mount devices.
.O:o,?sv::oa. {Noto 2} ESD Toleranca (Nole 10) 250V 250V
V' € 15Vpcand Ty = 25°C Conlinuous Continucus .
Operating Tomparature Rango -40°Cto +85°C N
LM324/1LM224A 0°Clo +70°C
LM224/1L.M224A -25'Clo +85°C
LM124/LM124A -=55°Cio +125°C

Electrical Characteristics v! = +5.0vpc, tNote 4), uniess otherwise stated

LM124A LM224A LM324A | LM124/LM224 LM324 LM2902
Parameter Conditions —m—s - — - e s — - == |Unlita
) _m_h.:v Max .,.== Typ Max |MinTyp Max |[Min Typ Max |Min Typ Max |Min Typ Max
Input Olfsol Voltage (Nnlo 5) Tp = 25°C 11 t2 i1 13 12 L3 12 tS 12 17 12 17 |mVpe
Input Bias Current ling 4307 g - 3. Vem = 0V,
4 o
{Noto 6) Ty = 25°C 20 50 40 80 45 100 5 150 45 250 45 250 |nApc
Input Ottso! Current _q_,>.. " N.m._n_uz. -1 Vou = OV, 12 110 12 115 +5 130 13 £30 t5 150 15 150 |nApg
input Common-Mode |V’ = 30 Vpc, (LM2902,V ¥ = 26 V), + v ' ' T 1
Voltago flango (Nolo 7) d..o v 25°C ] v 15| 0 \ 1.5| 0 \'4 151 0 <, 1.5 0 v 1.5{ 0 v 1.5] Vo
Supply Curront Ovor Full Tomperalure Rango
Ay = @ On All Op Amps
i [ mApc
V' =30V ({LM2902V" = 26V) - 1.5 3 1.5 3 1.5 3 .. 5 K] 1.5 3 1.5 3
v! =5y 0.7 1.2 0.7 1.2 0.7 12 07" 1.2 0.7 1.2 N 1.2
Largo Signal V' = 15Vpe, Ry 2 2kn,
Voltage Galn (Vo = 1Vpg 10 11 Vpc), Ta = 25°C 50 100 50 100 25 100 50 100 25 100 25 100 vimV
Common-Mode OC.Vem = OViIoV* - 1.5vpg,
Rojection Ratio Tp = 25°C 70 85 70 85 65 85 70 85 65 85 50 70 dB
Power Supply DC. V' = 5Vpc 1030 Vpe
Rejection Ratio LM2902,v! =5 Vpc 0 26 V), 65 100 “1 65 100 65 100 65 100 65 100 50 100 Jb
Ta = 25°C




Electrical Characteristics v! « *+5.0 Vg, (Nole 4) unloss otharwiso statud (Contnuod)

LM124A LM224A © LM324A LM124/LM224 LM324 LM2902
Parameter Conditions —-{ Unlts
Min Typ Max|Min Typ Max/|Min Typ Max |Min Typ Max|Min Typ Max|Min Typ Max
= + -
Oulput Current | Source | Vo = 2 Voc oy g - <o,o\._ - 15vee| 10 20 10 20 10 20 10 20 10 20 10 20
IN DC. 0C mApg
Sink VinT = +1Vpg,
Vin' = 0Voo V! = 15vp| 10 15 5 8 5 8 5 o 5 8 5 8
Note 1: For ting at high P L the LMJ24/1LMI24A, LM2902 tnust ba deratod based on a 1 125°C maximum junction _oaée.n_:.e and a tharmal resistance of §8°C/W which spplios for tho device sokered in a T_:..&
chcuit board, op ing 0 8 sl Ak Tho LM224/LM224A end LM124/LME24A can bo deratod basnd on a ¢+ 150°C i [} ion temp . The dissipation Is the total of all Sour amplifiers—use exlomal resisiors,
whore passiile, 1o sflow tha ampiifier 10 satrate of 1o roduce the power which is dissipatod in the inlegrated ccuit. .
Note 2: Shart cir:uils hom the output to V! can cause excossive husting and t o Whan idarng short circrily 10 ground, the meximum outpul current s App y 40 mA ind of the may ot
V' . Al values of supoly voliage In oxcuss of ¢ 15 Vi, conlimmous short-circuits can axcood the powor disspation ratings and cause eventuat dostruction. Daslniclive dissipstion can rosult trom simndtanoous shorls on alt amphliers,

Nole 3: This inputl cumant will only exist whon the voltago et any of the kgt foads
clamps In gekdtion Yo this ilode action, thors is also laleral NPN parasitic ranslstor

rive) fur tho Hme th that an Input is diven This is not o A
Note &: Those spacifications are fimitad to - 55°C < Ty o
soocificatons are kmited 1o 0°C < Ty %+ 70°C. and the LM2902 spacificetions are kmited to — 40°C < Ta < 4 85C.
Hole 5: Vg = 14V, Rg = Ot with V! trom s Vog 10 90 Voc: and over the hub inpt cornman-mode s
Nole §: Thu dwoction of the input current is out of the IC dua 10 the PNP input stage. This curvent is J
Hote 7: The mput common-inoda voltaye of ethar Input signal voltage should nol be
Inputs can go 10 +32 Vg without damage ( + 26 Voc for LM2802), Ind
Note 8: Due to proximity of ex,

is driven negstive, it is due 1o the coflociur-basn
aclion on the IC chip This kransistor action can
and nacmal oulpul stales will re-establish whon tho npul voll

of the may otv',
pling I3 1ot orginaling via siray thase

| corry , Insire that ince bel

1 125°C lor the LM124/LM124A. With the LM224/71LM224A, all tomnporature spacitications are hmitgd 1o

pants. This typi
Nole 9: Aetar 10 RETS124AX for LM124A military spocifications and refir to AETS 124X for LM124 miltary spaocifications.

Note 10: Human body model, 1.5 ki in series with 100 pF.

y can be det

2nye (0 Vpc to V' - 1.5 Vpc) at 25°C: for LM2902, V" lrom 5 Vog 1o 26 Voe

Y f denl of the slate of The output so no loading change axisis on the input linas.
aflowed! 1o go neyative by more than 0.3V (at 25°C). The upper end of the common-mode vollage range is V* - 1.5v {a1 25°C), but esther of both

junction ol the Input PNP transistors bacoming lorward blasod and therety achng as Input thodn
cause tho owviput voltages of the op amps lo gotothe V'* <o=_nsa tevel {or to grownd lor a Luga
aga, which was negalive, again retwens 1o a valuo grestor han 03 Vg (a1 25°C)

©25°C u Ta £+ B5°C, tha LMI24/LMI24A lomperpiure

d as this type of capacilance increases at highet loquancias
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Typical Performance Characteristics

. Input Voltage Range ’ o Input Current Supply Current
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Typical Performance Characteristics (m2s02 only)

input Current

T . .

134~ WPUT CURRENT (nAgc)
8

v*= SUPPLY VOLTAGE (Vo)

Application Hints

The LM124 series are op amps which operate with only a
single power supply voitage, have true-ditferential inputs,
and remain in the finear mode with an input common-mode
voltage of 0 Vpc. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance charactenstics. At 25°C amplifier operation is possible
down to & minimum supply voltage of 2.3 Vpa.

The pinouts of the package have been designéd to simplify
PC board fayouts. Inverting inputs are adjacent to cutputs
for ail of the amplifiers and the outputs have also been
piaced at the comers of the package (pins 1, 7, 8, and 14).
Precautions shouid be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarnity
of that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the resuft-
ing forward diode within the IC could causs fusing of the
mnternal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input ditferential voltage protection diodes are
not needed, no large input currents result from large ditfer-
ential input vottages. The differential input volltage may be
larger than V* without damaging the cevice. Protection
should be providad to prevent the input voltages from going
negative more than —0.3 Vpg (at 25°C). An input clamp
dicde with a res:stor 10 the IC inpul terminal can be used.
To reduce the power supply drain, the amplifiers have a
class A output stage for small signal levels which converts
to class B in a iarge signal mode. This allows the amplifiers
o both source and sink large output currents. Therefore
both NPN and PNP external current bocst transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voltage needs 1o raise aoproximately 1 di-
ode drop above ground to bias the on-chup vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is caacitively coupled
10 the output of the amplifier, a resistor shouid be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion.

Voitage Gain .

160

»
(<]
E
2
H_
o~
o
=~
-0

Ayo~ VOLTAGE GAIN (dB)
B8

s

FRp N B

V*= SUPPLY VOLTAGE (Vpe)
TL/H/9289-4

Where the load is directly coupled, as in dc applications,
there is no crossover distortion.

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of
S0 pF can be accommodated using the worst-case non-in-
verting unity gain connection. Large closed loop gains or
resistive isolation should be used if larger load capacitance
must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vpc 10 30 Vpc.

Outout short circuits either to ground or 1o the positive pow-
er supply should be o! shont time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due 1o exces-
sive junction lemparatures. Putting direct short-circuits on
mote than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not property pro-
tected with external dissigation limiting resistors in senes
with the output leads of the amplifiers. The larger vaiue of
output source current which is available at 25°C provides a
larger output curren! capability at elevated lemperatures
{see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section ontypical appiications
emphasize operation on only a single power supply voitage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V™ /2) will
aliow operation above and below this value in single power
supply systems. Many application circuits are shown which
take agvantage of the wide input common-mode voltage
range which includes ground. In mest cases, input biasing is
not required and input voltages which rangs 1o ground can
easily be accommodated.
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