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Abstract

In this thesis presents the concept of solar energy utilization by the invention
of Backup Battery mobile by solar energy and we try to make it as small as possible
to the input for boost converter circuit, which change the voltage and current for
the mobile phone. We hope that this project will be most effective in charging .



nnANssuUsENIA

- a ¢ v 5 P | w ° = v
Usgriinusadulidnialdsed ieswmnnsaduayuves waam fya Nroelv
° ° o o ° & a = a
AUInw  wavAuuztihmdluntsilesulnnlagnaen  Y998UANAIATYIAINTINNITIA
o & o ' ° & - a a | =
qumaatﬁaamuw wazgunsalslunisvillaswuil veveunaiauaiininsavieynvinui
v | - ° &[v a Yy  a a ueﬁLVc a o
Winsdewmdslumailassuidliddlulised  veveunszauiasagnlvintien
& o adve [ [y @ - a
@i wazasgliiddaunaen pwlaqidinnsdnwduainlafuanuiggyiinug
L7 d" a [ L 1 ] - o = oo 1]
avuil ﬂmzcjﬂmmmq'mzLfluﬂ'ss'[amﬁmanwmmnﬁuu'%aa’mm'mamalﬂ



d13U%y

niin

UNAREBNTNING....oooverereneee. |
UNANEBNTIENIBINGY..... eveessssssmenesssssaas Jl
ANANTTUUTENIA...cceoeveeee e ST n
1) T — NRR——— SV
d15UYA1TN... A sl
TRV 7)1 T R — SR, |
Unit 1 UM I v sscissasssssogspmpsspasssnssssasssrossomi g I gessvsssssarssrasssasssassessssssnse 1
1.1 AU Uz ERUBIIYIVIY. s 1

1.2 AMUINMIY WAL IRQUIZAIAYBINITANT Y cerrcrrccnrecnessmnssss s sesses s 1

1.3 AUUAGIUYDINTTANG eeererirenienrrenes e ssesssssesmssesmssssss s sssssssimsssssssssssssssssseees 1

1.0 NQUANTOUUIRATITIUNITITY ..o 1

1.54 youetFutfin gaee. M 07 G\ S R B M. A insiene 1

1.6 fean @i o).l . @ P ) e k). 2 A L 2

17 SRR AR\ /... . M s\ AL 3

unil 2 NQu....... 4
A1\ NRUDITINIR A2 NI LT IR e C g LA 5y O N ... 4

0. 13 AN XD Cu M. e @ .. 4

2.1.1.1 MANAINUTa A 9INIEI Yoo 4

2.1.1.2 JUUUUYBSIARIWERU. .o 5

2113 UstTomfuaal Wi INEI U 6

2.1.2 MANMAUINE e cceremsesmsconsecsassmmssessssosse Luad Ot Sootremssliontilonsesssnnssssssesmsssmsssssssess 7

2.1.2.1 YUAUDITIRURL ..o.ooooeoeeeeeeesesis s eessessesesssseessssessssassssssssssssses 7

2.1.2.2 @lsenavessssuuiaiuauvunalvgdmiusanlui.......... 8

2.1.2.3 AIUAUAUNITHARIT . oo 9

2.1.2.8 AORUANAUNTTIII M e eeseeeseeeseessssesesssssseseseees 9

21,3 WA ITIAG oo eeeee e eeeesesssesesseeseseesseesesesseeessssasesssssssmmssesssesesnanns 9

2.1.3.1 MSHARARIINNANIUAINSEUTBILAIDNARE. ... 10

2.1.3.2 MIHARAINTOUIIMNWANIULAID AN oo 11

2.1.3.3 MIUSEYNALINSNUNAID AL ..o oeooreerrnnrrnierssensesnens 11

2.2 1A LYV OIYAAUAIDIRG ..o sssssssssss e sssesenes 12

2.2.1 USEIRUMATAIIMTIUN. oo oo 12
2.2.2 USEANNUBUYAAUAID IR ..o cesesesesemesseseesseeseeseeeee 13

2.2.3 MANNITV N TUYBUYARUAIB TR oo seeesesseeeseesessesenn 14

v



#1508y (vi0)

Wi

224 Am@unnuasetiadiuwiindlan wazAnadenldiululssmelng. 16
2.2.5 AMANTARALFILUTAAYUOAYARUAIAL .o 17
2.2.6 AU IYBIMERTBATTIIAT. ..o oo 17
227 %’ae‘l’ammL‘%iaa{a'aqamaquﬂ'ummﬁ ............................................................... 18
2.2.8 YAUTBINA I INGATUAID AL ...oocereererscnrcersnnsssscssssnssios 18
2.2.9 99 NAVRIINH I NYAAUAIDIANG......oooceeceeeeeeesesssssssssssssssssssssssssssnsees 19
2.2.10 UsyavSamesaead wasyuseansnmusausalgangas. ... 19

23 DC 1o DC CoODNBLIET .ocisnigssssmsssgmasmvsssninve s TGS 545 5954555 S35 0855505554744 507038 20
2.3.1 Bog S ON I R N NN stz vinase o Ruge Megorssssssorsssiassissennsnion 20
273.1.1 MENARIEIIIE ... e s Mg Ny reresessrsssassonses 21

I 2] 420 Woly )/ =Te v | Al O P NRAREENNS foe ) PRI | V.. W V—— 24
2.3.2.1 MANNITVINUVD BUCK CONVEIET....coevevceevreeeeeeensenssseaeseneanns 24

2.4 WUARs EL T el S M e B VO TR W SR W VSR 26
201 hBIoRi N Y e €. 000 ) . k). 2. AN o 26
20,2 WURBBTYRBGI ..ot 29
2.4.3 YousndesEninawumne’ Lithium Polymer fiu Lithium lon........ 30
PR Ty O AN N T et o SR 32

2.5 SolidWorksr..>J L2 2 NI YT TTITIT (4 € A LA ). .. B .. 33
%51 Vst AREIOWRG Y NI, € M o b S A T e B L e 34
RR.2 oBNundaatNale 2\ ... L5 nstbeae Srvemdivessssis @upsssfloflessssssosssss 34
253 WUUIADWINIDINLUTUNTH SOUAWOTKS crrcereeersressesses e 35

2.6 AltiuNg RESTIRY 6.0... M e Il oo vreres gt QDo affalennscasssnssaspessssss 36
2.6.1 ANUANNTOVDY ALLIUM DESIGNET ...ttt ce s 37
2.6.2 2995IMAINLUTUNTU ALUM DESIGNET 6.0-.. e 37
2,63 2995NINTUTUNTY ALUM DESIGNET 6.0....oree oo sce s 40

2.0 NakarBot BEDUCATON 2....cmmmmrmmrammssnsimmississssmssmn s ssaiammid i a1
R R R ca A 42
2711 QA TRYBT AT AT a4

unil 3 n1sAuIN wazmIEie veessenens 36
B IOt VORI g shsss i e i A B SRS 46
311 SOLAN QLS. ettt 46
312D Boast Converter ] LU e 0N 0 1NN TUONION L L NN L] 46
313 BEREN... . nmnsnnnnsanssn s s sy 46
2.1.8 Porl LISB...imnunmammmanss s smism s s i 46



#1308y (#D)

Wi
3.1.5 Battery Indicator 3 evels: . a7
3.2 AAUYDIBUENNTOUNG oo sssseesessss s sessss s 47
3.2.1 AUUANTRAYBIHNIATBAGTI. ... a7
3.2.2 AMANTRYDIURMADTANG ... 47
UNil 4 NIIVIARDY UALKANTINARDY.... O 48
4.1 MINAABUREMIALIINY UAYNTEUAVOTTAUYAR.....oseosoeeerorr 48
B.1.1 FURBUNTIATHUNNT oot srssesssss s 48
8.1.2 FURBUNTIVRROY .ot seestrsetessrsssessis st 48
4.1 3 DO VT O e Qe s Aol el e vroensssssssonsane g g+ s4sseraasasansmasses 49
LY 4 4 VT NEL (80 N AN SR S W, \ W— 53
4.2 maveasaiemAusI LartaderaqluntsTF U 54
8.2.1 BURBUNTIATIUNT oottt sttt 54
422 uzunaumivmaaq ............................................................................................ 54
Lok TgT T a O N A S AN st/ (XETWID S0l B B 55
42 4~ reiid8na I TOPRUEZEARAL WO ktaiad. 3 4 MR- 4 ... 59
425" NaSYAUITIUEY.. HOIOLOIOXAN € op” T N ooesrizeee e e 59
UNT 5 AUNANI T ITURAETUIUBUUE coveevsereescrsssersssnsssesssrsssssssss s 60
5.1 ORQUIBIA.. oo e i TN M -5 gt Szt @l aflassesinsiess 60
5.2 MNONFEINY. SN S S AR L tessnieoaSMencfloflomersransessions 60
5.2.1 MSEBNNANIUSTINTRTTAANITUNY ......oooooooviece e sesssssssse 60
5.2.2 NSADNTIARAZYUIAYBUGAARAID ARG .....occcevrrecrrreseeenresssnsesrsesenene 61
53 UgynesgUneun AL LD .10t iiciiirisin 62
5.0 VDUAUBWUEL........oooeeerseseissismmmssssnsessssssssesssssssssssssssssesssssssssssssssassssssssasssssasassssssssssssessess 62
7 s [T o 63
NIANUIN N 64
A1ANUIN V... 71

Vi



d130YA1319

A15197 wiin

21 MINLARSATIMANULAMERGWRAETIETU AlaTRR/ATIIAT/ T e 16

2.2 MTNLARIANNEUNUGYBY Duty Ratio (D) WASBNTINITUYIURTIIU.cccoerrrrrrcecrerececce 23

2.3 AT NUARIIATIAS T IHVBITARA N s 45

4.1 MTNUAMITOYAYDIUTIRUUAEATELATIANTIYAN .o 49
vaeiuil 31 unsImn wnsAns Y 2557

8.2 MTNUAMITOYAYBITIULALNTIMATIA VYRR ... 50
yoe¥uil 9 nuANUS Wnsnsny 2557

4.3 ATNLARITOYAYBIUTITURAYNTIMATYAN YA ...ooorcrrrcrrersorers s 51
ayiuil 10 unIAN WNBANTIY 2557

0.4 MTIUARITOYATBIIIFULAZNTAUARAY VOTHAITIBAGNA 3 Tu.ro 52

4.5 m1319uamlARTIFIIN Solar cell WABBOOSt CONVEIEN....o.vrevvrerersstverncrser 55
Tuduil 28 nuawus ynsns1w 2557

4.6 MIUARATIARTLAIIN Solar cell UATBOOSE CONVEILE.....cuvrvveeererreterereserns 56
Tuiudl 4 Suneu W, 2557

4.7 m3uanlIadRlAIN Solar cell UATBOOSE CONVEILET..........ceeeerircrrseserers 51
Tuuil 7 fiunau . 2557

4.8 m5uandlIaRRIlEIN Solar cell WATBOOSE CONVEITE........wwmerereerersrssrn 58
Tududl 8 Suneu w.e. 2557

5.1 A1TNUAMAMALUALALYBAYINEINUSTIUTRYTAR N, ot 60

5.2 AT NAUANYUEYBNGATUIND WAL, ..ccrocereeescensessinssnsssmsssisssssmssse s s 61

5.3 AT RUARASTBYAIIDTWUURN. ooreierreioneesinssssees st ssnsssssosssssstssossssnssiesssessssss s 62

Vil



CRRVGTRAL

JUil Wi
21 UARIATBI TR TN D NG ITUL Y oo 4
2.2 WBPNATIUR oo oo eeeeeeeeeseaeessssesssesssesse s sasesss s ssssmsseessss s ss s e 6
2.3 wamgunaiuauwuuLuIknuueu (Horizontal Axis Wind TUrbINe).........ccuvererenereess 7
24 uamguﬁeﬁuauuuuumuﬂuﬁy’q (Vertical Axds Wind TUrbIng)....uwsssmsnnmnin 8
25 UAnINTEIADItABUUUSTAATIBUIATITE ..o 11
2.6 WAPITOWSILAID TR VY ITDDAATURY oo eesses s 11
2.7 WARINTARATOINEIDINA NI IUROINARDL e eseees s 12
2.8 uans Green house lusasuaus THugninnalil uazaenliitenisdeen. ... 12
2.9 WARINTSNTUYBHUYARUATB ARG ... 14
210 UARIVENATIIUTUHABUWATOMRET Lo s st 15
211 UARMENATVNITUTURAGUADMRGT 2.t st 15
212 UAAVENNTY I UTUIAEUATOWRGT 3ottt 15
213 WARINDTTERURTIRUIINR e essssse st ersees 20
218 WARINANMITANTUYUBETAG ON..oooeoororeieeseeescoeeeeseesessssssssassssnssesessssssesssssssssssasasasessesessees 2t
215 uanussrulnihitanaseusiamidenii wasnszualiiinasiusamieni............ 22
2.16 WARIMANATTVIINTUYMEEIAG OFF ...ooovooooeooecveececeeseiecseneseseeeeesssssessssssesesss s sessssssssesesssseseees 22
217 uarkf s iNGE o INC Y A KOKARAKONS €T oo el 24
2.18 uanIRITBuUCK CPTNVEIaE A A ST L LI IITIR L/, Kool bR o) pmagsissofhs fssssisses 25
2,19 NVTAUYOTIOEIATUNNTEUR.....ocoose et et s vt 25
2.20 UNVTAUYAIBEIATIINIINTEUR ettt 25
221 UWARTIIDT BOOSE CONVEILET T, seesteer s 26
222 UARIUAABIRUY ZINC Carbon WaE AKAUNE. .....o..oocooecesvieresieseresesssernsenee 27

2.23 UWARIMUAADTUUY NI-MH WAL LIhIUM oottt 29
2.24 uae lithium-ion cells waglithium-polymer cells........ccinicnicicnineceininciennnnn. 30

2.25 UWARIMUNTUTUATUYDY SOUAWOTKS.......cooooiiiriirir s 33
226 UBIPRY FrONE RSO ciniiuuuusssessssissssionsnssivers oo (s s 5sisessisss s saess s esssiessss nss s 5555 Soas s essussvise 35
22T DN BOCK CUGE...oveurse e roniissnbississs s s i s TSR S oS S A SIS SV IS o 36
2.28 wany Schematic of a circuit 12V 1o 5V, 1A ... 40
2.29 LANI PCB Of @ CIrCUIt 12V 10 SV, 1A ..ot tseeeseesea s s senen s sns s ssssnasasanannas 41
2.30 uami Schematic of integrated battery indicator 3 level LEDs..........cccoovvririnniinna. a1
2.31 uamy PCB of integrated battery indicator 3 level LEDs..........ccccocucuee I——— 41
232 uanuAias MakerBot RERUCATDN i i imiassumsisisonemsba i s iseivussesiamsismessstnirsss a2
2330 uamdlnsserdaiedt ] inaualnuiinn unsdaadiisiudnesnamansaiaiani 43
3.1 UAAY BLOCK Diagram YoITEUUT TS TMUAADT ..o 46
4.1 WARINTIINAADY WA INTTLUNTINAADN . ..oooreeeeoerreeseseesseessessseseessssssssessssssseessessasesesssssssenees 49



13Uy (@)

Uit win
0.2 uansfayavesunfunasnszudlvaniivaduasiuil 31 uns Al WNSANI1Y 2557........49
43 uansfeyavaunduasnszudlyardiwaduasiuil 9 puaus wisAnsty 2557.......50
4.4 uansfeyavasundunarnszudlyaniiwaduasiuil 10 unsIAY WNSANTIY 2557.........51
45 uansdoyaveuseiuuarnIzuARAY VONIATFYATN 3 T 52
8.6 WARINTTYITTINTIMNI oo ssss s ssss s s 53
4.7 uamaauiilunisveass uazdienisly Jull 28 NUAINUS WNIGANSIY 2557, 55
4.8 uaAnIfmN9YBINITNARDIIY Tu & THAAL WNGANTIY 2557 s 56
4.9 uansaouiilunisvaaes uasiirnislu Juil 7 Sunms WSANTIY 2557 57
4.10 wansanuilun1Tmeaes wasiiminaly Yuil 8 1Al WNBANTIY 2557 v 58
n.1.1 uam DC Power Supply (Instrumentation Model INS2000)...........ccocecrumnrinnninnenee. 65
N.1.2 uemy Mgl UNI - T L UTRBARD . L. s d mmasasoflressssssesneenes Mg Ngsssnoemenssssnss 65
N.1.3 WARY Meter YUGO JU MY = 68.....ccccrooioiinivimecssisiccsmsssessesissssissssssesessssssssssssssesssssssssns 66
n.1.4 uanyJloriRAFsIRSRCHR PLAE.. dike-\ o P o e B R e 66
n.1.5 uamnrd SofatPion€ NN 9. Lk 8 L0 ). a2 A b 67
N.1.6 WA FITLAURTIIU (BOOSE CONVEITEN. ..o roomsssesesesessss s 67
n.1.7 uan \waauwawe1ing Single Crystalline Silicon Solar Cell ¥u1m 9V 100 mA........68
N.1.8 UARIYPANIITEUUUTEUURADTIIBRBNANENIETIUYIR s 68
n.1.9 uan 1B diulemee. . ST T TS Co gt LA ) cepuagersfotbosscssis 69
n.1.10 uahmIErlafaBlil. . . G W42 A NI e (o fofl 69
N.1.11 UARINTSITIIUIUAIUBNETTUL .ot ssmnssss s stas st eenees 69



unii 1
UNUI

ﬂ [
1.1 anuduun wazaudAgyvastdym
luthegtulnsfiwidiefelfiisvewasgnunnivayed Lidesdunisindedems vie
a T P T R ) v ¥ o4 « < = d
msesvmNgsnsdingidesisindwidefeduviaiy - Anjuntisuuameidisesatu
y © I Ve o e @ a o ¢ < a4 ]
dwulu  nquidavirduiaueunfafiviiauuameidisedluguuuuidweenly  Taold
[ = 4 4 Yar J LY ot 1 1
wiunuaeing fusnainaglasulsslenilumsnisuuaweiud dudududanli
) w | Yo oMY v da w rdda e
ayinndsnudniie Tnenguginvinlaeenwuulvgunsaiidadiunszan leanvadninegiu
d @ v ) v o 4 A MY A O
gunsalll Asvannseadimdsnulwilidulnsdwitiedals nisdiamnsonsivaeuaniuy
vesuunnesldlasuansnnsasuansinanussiuladnde

1.2 Ausjanane uazingussasAveIn1sAne
d o e e < ca <
eniszswnsnuazmnlunisltlunsdiuuaneivesinsdwidetonun luaoui
' o o < - v e ada 1@ v a
il vieliazmandiedltlih  Sudenlindinusssuyanfiegialunldliin
« o I8 a ar o el v o L4
Ustlowd  TeshiJuuvasiudandsulunsdausequuames  Teunisesnuuulaidenty
Y a ¢ Voo o @ - 1 e v
wasruuaeindunduundmdsnu Woswnwdsunaeiind fegvialy uavannsalsld
o L g @ v
wnanun Tngazeanuuulifiidniu fvuadnwawildagain wasansay

1.3 auuRgiuvansAne
o - a - A 3 - Vet a o =
\osnmsesnuuuiniasdalszyilefienniaduaseWmindWiiuszdnsam  vue
v v a - < o dd <o Y
@n waznam ey szdesfinnsaniivuunvaladuase ingnINsal  299sNINTTTAY
Y o o AI fa a o = o v O a
wsestu eltlunsdauszquuamesinsdwillotionmvan dvnadn AnuauuAgiuues
Uygriiwusatuiife ninbhweduaemindunluuvasindalniy  dedivies  was
Q ar J‘
annsadndauszquuaneiiletield

1.4 nquijvisuudrpninlélun1sise
TumsUszquuamaiiiefiosmendsnuuaseding Tnounagaduasarindidu
unasrdaliiiliiuaees  BOOST  CONVERTER  iievinmsiuussduliiuasesmda
<
WUMABT

1.5 YaULYAYBINISTIAY
] 4 a - « ar
1. vmswasuutamasnuuasaindidundaaulnh
e J - " .
2. aunsolglanuuuamesate Lithium polymer vuis 3000 mAh / 11.1V
- v o v a o
3. A915INT50NLUUIATIAT 1D IMVLNEaUAUANTWAIS LY LWasWAWT
v v ahly o da a
4. ATNAULVUTDIUTEQUUALADS ﬁt’:ammu'wau'lun'mlszquummasnana



1.6 unun1sAnbulasau

)
U

MMM

Hquinu

nangIAN

RamAu

NusNau

1.Anm Ay

2.98nUUY

3. Anwiunianguneal

v

4.\fiuuannsnia

-
WUALAETHETD

5.\ LHANIINARDITAR

uase el

6.7umniinyaua

ATUNANINARSY

7. TERUNA




oy . . 3
NOAANEY funAN unAN nuN LS
MM 1 (2 (3|4 |1 (|2 (3 |4 |1 |2 (3 |4 ]1 ]2 4
1.BBNULLNATUAL ) -
NARDY h i
2. #5a Ui < >

3. NARALUATNNNTIA

una

4. yfiafianaranian
U lqauktaBuan

'y
v

5.NARDLUATATIAIANAY

maful

A

6. " Agyrytinug

1.7 tunaulunisdne
1. Anvieaiuuunne’ waznisdaszguunned
2. AinwiRgaiuaudnsus uariwimeluvenvaduaeving
3. yimaifiuAnansaaes V - | CURVE Yeugaduasenting
4. ¥amsTauasifusa nan nswua uazussuildluntsdaussquuamesivsdmiiieto
5. vamsAnweenuuusTlElumssaUszquuamediiede
6. iimsAnwIAEIAU993
7. ajunaivy




4
unm 2

nqud)

2.1 WANUSITUYIR
TngUsvasA
o o o ° ¢ A A
WeAnwmasuimuzaulumaihulalunsisszquuanesiiaianuuunnn

2.1.1 wisenwih

winh Ao wderdiiasinmsivaveni Fudundeiifioynmnn mali
awnsaruaula ninhfufannsaihliisrudsmeundisuasnindaulded
nhav daethatuy  msingradeluvinaiimadan  vieuinaiiiaainduge
wasmaindund Wusu lunamssiuda mnasnsamusundaildauuumedmnza
winhduumaatiy fansaienldidulssloniuiimuonils
waqu'ﬂ.ﬂgn'l-uﬂ'i.,Tu-uuu'luamawsaui'l ﬁaﬁuﬁwdwi’uumfw%udﬁﬁuﬁaliﬂi-"[u-uu"lu
AfiFeunaynsvaysenu Wensueesinslulssnuddng Tssnuveds Tssnudesls! way
Tsenugaannssusingg uilegiiy Sealdlunisudnliih Sadendy Tnmaa

2.1.1.1 nénmaiauveslviimani
Imdnh Ao Iﬂﬁwﬁuﬁmmnwﬁaﬁﬂ Iﬂﬂl%'wé’mwaﬁﬂmﬁﬁuﬁm
mnmsﬂaaammnwamsams‘lvta'uaqm vion1stu-asvesndu 'lﬂmgumwm (Turbine)
ua.,m'iaqml.uﬂlﬂm Iﬂuwamufﬂm*\n‘lﬂﬁ'maauw 'uuaqn'u'd?mmm AUUANFIYDA
suuth u.a.,'di"ﬁmﬁmmaanmumua.,m-smml.uﬂ‘lvlﬁ'l Adalwiuasnaseuainnda
annsasaldenauns fail

wndaor il yawn

E 1000
Arunan ? {f waprT

A amagn i

S .
Untt Grawvty Force Wii Spensc 'Weight

vt
! _ 2 (8,808 dwRu | s
i Wik

ani¥ (a

/ g v n "‘—3;‘" DA Wl .AII:H:.: TN ;n"-fil‘l.

ron I
. o 2 T Ap N
Tuwerinm aiald 3 i L

= 4 o a o B
JUT 2.1 uanaaSasiialwihaamdanu

wanansulsildluntsdulumdslwiuds MsAaRimM 3N Plant Factor Famunuia
1 ar J - 1] J L a l‘ 1 -
Iodruremdsnuiinasidludisnamilwenduiiaiainaenaaladunudneninly



faamiovun Tasunivialy é Plant Factor ilvv‘i”m'i'] 1 v3e fnd 100% sailitessin
n-ﬁﬂmi-n'lﬂﬁ'uLwa-uauuavmqun'enﬂ'i.mfl venanil Seduwdsmailadedug 80 el
amanntesvestGinanh (udndedy) uazmssenuuy wineenuuulsslvidmanili
dundeadusreznanfieniu A1 Plant Factor uauqam1'[salﬂﬁ'lwaqmwu‘szama'1
Auedasiidundt Tasunavialy mnlsslwiandai

itestasuuTinanh Tsdlwimaniniu sxsdnlninitensvaussamizlutisnafisim
Foanslihgage inssdutaanilimaeuunigega ludsemelne raitiinsla i
un Ae Jwinailugaaiaan 9:00-12:00 . 13:00-15:00 u. wag 19:00-21:00 u.

2112 3\.quu'uadvlﬂ'mmm
Toevialy ‘i'du.uu'uae'lﬂﬂwaqu"muﬂu'l'unuuwwa'lu 13 Usuum Ao

1. Ifmdahaneraduih srauiesimifisunuenduinh  dlevdesthainen
mumaadwm‘[ﬂuusamgmaﬂan waammnﬂmnmﬂuamuuumwm (Turbine) uaw
LﬂiaamLuﬂlwﬁﬂ'lunsmmf]umqmuu'mu'mlwm awvlannsaudmstansitldaznin
Frarfu TuiBaAsugrransusagsnaue Tsslwimanfwsaani]  Snedalviilugsiidaom
mmmi‘lﬂﬁﬂqa Hmﬂumw‘ﬂummauwum 1J‘ il ieaslaonTssluiimanhanes
muuw.,uuud‘smuﬂimmmeaaamnamnum wazAIMILANAENIesEAULlug
dudhuavsvsuhitudes e Taevaly Tﬂiqms'l.ﬂﬁmaqmmu'lwma.,tﬂu'lusdu.u'u
vl manhnerafiud Tulsumalnefiwieniy oy Tsdﬂﬁwwaqmwauguwa (s
'ugﬁla Fowtamn) Tsslwimdnhideudan (idiu Sovingasing) uaslsdlwiamdniy
\Wouruaiuns (whiualvg Swinnigauy?) Wusu
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gauugil thermal  mass Weuiuaunavesenneluains vioRnsaTaniinuainsrae
ua vidennseenuuuRuiIel 2 IMAUAIBULAYETTNYIA

2. wSanuiiinanaudou wundseuan ndamuni ndnuadu Wusy
nseaalnnndIuLaseiindfeds nlalanded [Wunsudamdsuuaseniing i
Hundaamiliih Ingléiwaduaseniing (Solar cell w3o Photovoltaic cell (PV)) &sgnwid
adausnlud we. 2426 lneCharles Fritts Ingldsnn oy

10T n.a. 2088 HunsEufuveinMnanuRaduaeTingf e Saneu Tuanaidien fe
fuyumisnaniroutnege  nsliiuveausgauaseniinglutiaun whdluiinsldanulu
23n1e iy leiua e

wdnusauiudgyniiuune Tu wa. 2516 waz 2522 nguussmaRawa il
auadlslundinuuaeniinduasGuiimsianedieisianniy WaWINNSANLHTDYA
Tan"s’awaa nauwmmmcymmﬂmﬂaﬂuuﬂamuanmﬂ MIRARIUHING LA TiNE T
USinaniniu 10-20% Ny 'luUi-'mﬂ‘lwam‘mmmmeuanmmmmnﬂ 2553 Taei3uiinig
mﬂmwaau.aaa'mmﬂLwauamlﬂﬁwu'lmaumﬂ 2526 UMY 2553 uﬂaﬂmﬂmﬂu 100.39 MW
wansglni(awsdendvansdwes nva wdh) Wt 2553 331 21.6 GWh i 0.0134%
wpsUinaRuseImsldvfwivue 161,350 GWh Taemsinfidhendn wanlniqla 2.2
GWh ndnsieeies 19.4 GWh

AIUNTE swuzurumn'ﬁwwmwamwnurwu 15 Utfuand 2552 fwuadmanenisly
wamwuunuu‘hm 20.3% YomAIwimue lesildndiuvemasnuanigaduaseing
asm 6% sty sueusy Tl 2565 1J's.,mn1.vmmaeﬂia"lwﬁ'mamuummwmamﬂwaa
wasofindilindanisuansin 500 Mw davlull 2554 agi"m'ummumwmm 265 MW
wazegseninafinnTanan nwe 8n 336 MW

Tsslwihiladraidawiaany3smemalulad amorphous thin film fesldussivaduaseniing
i1 540,000 yn Sifdnawan 73 MW szdulsslnitmdsruaserfindssuulnlalamand
Mvgjiigalulan

2.1.3.1 nsudnlnihanwisuauioureudaseiing

Wunslinduuvsaseiingiduiy sweldnszanvielaudsiunaviesagunianluda
WaiuuTinanudeundinialiuadluiigelagavnil (concentrated solar power or CSP)
waanummsauua.,ﬂnuJatJuLﬂuwawm'lﬂﬁﬂﬂﬂfﬂimsa’l’dmu'li'ium'ilﬂnmaamm
aunsanumuTeuldiduaisazateinas (molten salt) NnuAssAsund A Teu
Wiundailningndt sadulsslwissens Sennsadrendsnuliinld 24 wu. aw
awszneuduuy Tegiu Msslwiwssavieglu Ussneawu wazandg Wudu wun
'lmgwanaq'lummwsw'[uma 'iﬁu,ﬂawamﬂ Liuuammmumﬂ 1985 fiMan1sHan 385 MW
wweiilngniiilsedy  GW  Aegszwinamineain wililosanaldanslunmdaead
uasefndldasatediann  viilinsneailsslwihussavidonsfimudniinsndndie
\waauaseing
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2.1.3.2 mMIuanAMEiauRINNAIIULEE1IRY

%13 Solar Bowl Ty Auroville, India, mmmvrqummmqmﬁmétﬁa’s’u
uaswarsuuadliimduduge  llunsupens  Wunisldmuieuvesuaseniing
Tnense 1y inuaseriindlaglénmasuaduiigelifavasnisuzguwailuawitligamgii
qofugetunifuman ideninhisunaeiindeldTandsvieddnivia  waedeini
naugaAlunispadusanililuvefigumgiigedu hfeuildgmitluldugemns drsedn
viemwiniluasiedligy  fouwimdsnuuaeindfisuauandendilulugi
mddlineduuas nsmndrftuindunsldmmiousnmeeriinditerlithuiuasdald
uauansiidolsndne mwhunndefiduguuuuniidunsldustleninnamuiounn
uaseiind vneusunadiliuaserindienduimealiduirdadndae

2.1.3.3 mUszgnRldnasanusaieniing
A uwaseiing awnsathlusegnaldaulavarevateguuuu oy

Weiinguaunsisluiuiivialna 1wu msshdelsainduilaemslhduiatuuaseriing
Toemss  msdssaminglunsuiuanwhlasnsifueontioy  nmsfinsuniasguiomgs
aseinditeuandeasanaitentsuilan - maweuedmadon Wy nsides
aweunriaiteiunatadudemddinm  nsianugaduaserindiieadiamdsenl
salvivh

J s - « X ] cl e - -
3\J'n 2.6 sondanasoing i utaoadnsias
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msrarlidhadumeniinduundidnhuiluuddedhivaedaesdkaniniiinas
weldiewarneduiuliguannats

o v v o
JU#l 2.8 Green House Tuusesuaus Miugndnualiiuazaenliiienisdeesn

G

PnilgnanLudtiy nauuaerindiy Lumvaanﬂmvmm'l'u wssUsene
neidulssmaiiionnafou wazmsviaiestsy u.ummamanawnm Huazdedlvunadn
annsannwlulnula u.asilamamdﬁzﬁwﬁmw'lumimﬂvmmﬂ Fadunisldwdaanu
uae Mg Tamnzaunnitgetunainnld

2.2 Teanfiwadvieiwadudasaming

Tnqusvash
Wefnwigasuasefindviinaiaindnwusuansiaiuegaals
WeAnwiAnfulasiadvevaduaeing waznaaR

2.2.1 Ysziauazaranluin

waduasefind wio leanflwad (Sanqu: solar cel) wia \wadgSer wie
wadlwlslaamdn  (Photovoltaic cell) 1Tugunsalansieinir@mhilulamdsnuuas
vielmeudundsenilnit Taeléusingnisalinlmeamdn duife auautAvesasitu M1
pmFUYTY WIsdL uaznssua sswdsuludeiiuawmnnseny Uﬂngn'lmiﬁ'miiﬂqnmﬁn
Wigpfausnlud 1839 Taenandurutiunady 19 Ve AE. Becquerel Tnuandnia loua
annszvuinquitetne  ssenszualnihdy w'fln'nnaaq'inamslﬁawammquaﬂu
asavansdosu udilWuawmnnszmulduadair wunngnszualwilvasintaiass uang
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Widudenssualiinietuluing Weiluasnssnundmuseidlewdeud (A gAY
wiae) veuas YiinuwesnszudinihAianswasuwlamailude
uwaﬂawaauaqmwmmﬂuﬂuuin Tul 1883 Ao urme; Charles Fritts waauaaa'mmﬂuqﬁ
usnummnilamuu TneiiussavBnmnios 19 wind uiwaduaseniingfgslsignatnetuin
Tuailed sunsevislu U aa. 1954 warldgmbluldiduunasiendslifuaadienlu
9Imet wle U ae. 1959

Solar Cell iiflu191ndin photovoltaic Taeusneaniliu photo winefia uds uaz volt
wnefis useilnih dlesaududmnei nasvaunmsdnliihannsannzmuveum
'uu'mqvmm-ma'nm'm'lun"muauuwamuumLﬂuwaaqwu‘lﬂﬁn‘lﬁ'lﬂumq muu aguléin
\waduae g Ae ﬂuh-'ﬂuﬁwmmnaﬁmmm Wy aReu (Silicon), wnalde 813
wlus (Gallium Arsenide), dutisu Wedlws (Indium Phosphide), uaailisy wialaelsn
(Cadmium Telluride) uazpevies duidivy lamalud (Copper Indium Diselenide) 1u
su Fadleldsuuaerfindlnenssfesivdsudunmsilih uavazgnuenifuussginihuan
uavauleliAnussiiliiitaiasvsasaduasending mau’m:ﬂﬂﬁwamaauaammﬂ
souiniugunsailvinszuanss nsvua‘lﬂﬁ'lixvivlamgqﬂnsmmmuu b savihoula
9 1960 UszAvBnmilunsvhauvessaduaseriindgniiuntuantéd 14% dslunouusn
gmihlldiluvesdunievedliiangden wswAildselumaiiluedalnihegi 7500 um
st luraeilsdliihduiuilailddreiion 90 vimdeTadviniu
wdnuszaumudidalunslifinlulasinseanavesaniy  villvilimsieunwEn
waau.ma'mnuaemmamawu‘l.u{]aquummmnan'lwdszawﬁmwmaﬂ'lﬂm 44%  uay
Alddnemaaie 18 vmseinduiniu granedlvngifeussmedu nanlfa3milsvesiingn
Wviavuslulan viefl 13 GW @ 2010)

2.2.2 Ussunmvsaeaduasatiing
Usuanves Teawead waduaseniing Adenldfuegluliagiu ssutseandy 2
naulvgq Ao

1. nau ‘[-umwaa waduaTiRgvvInaTsisi Il ssmdaney Irulin AN Yo
vowmaAniiaty Ao wwuilidu 31Jr4an ( Crystal ) uazuuuitliifiugusdn (Amorphous) wuu
mfluiﬂnan ssuvseanidu2 wiia Ao viandniea88aeu ( Single Crystalline Silicon Solar
Cell) waz vianansmdaAoU ( Poly Crystalline Silicon Solar Cell) uuuﬁlm.f]uwuan AD
ytianauunesuaiNa@anou ( Amorphous Silicon Solar Cell)

2. nqu leauead \waduasofndivhanasUseneuitliilydaneu dwseiani sudu
\waduaseiindRiiusyavsamgsits 25% FulU wsllsAgann Lifesmiwlduuilan 3a
'l.-&’q'mﬁ'm%'um'.u.ﬁtmuavsvuu'nuuamﬁuzhulmy uﬂm‘mwuwmumwamaua‘luuilvm'lw
fisimgnas uazthurldinniulusuian( degqiuiunléifes 7 % voaUinaiildvionn)
u‘mnaau'lﬂﬁ'muamumn TeavadiwaduaseniindifivasadifereiiAsiann mimm'l-u
Nuazdeniwgadvats q wad mnanuuuuaqniumamumwmnaau‘lﬂﬁﬂwqwu \waa
dndefulusuiutasvueivnzaudend wawaduas o1Wng (Solar Module wie
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Solar Panel) msvh ledwad waduawefinslhduunefiteruazmnlunmiluldau
Fruminvesusead Usenoude wiunszand fidunauveamdnd fuilqauaniluniseen
Tasinldi warsadunselosiuuiugadande unawaderdesdins Jastumuduiia
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PRRTTY R
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° ¢ e ik - " [
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- - o ' o 'Y ¥ ¥ o .
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: F: ® {Q\:
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Aoy urrent

J o -
UM 2.9 uanimahnureYaduateind
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slvdidnasou wafidillaauzyuegthadntes dumiwes ntype aviluaulavziFuniy
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Tassadidulngdulea widiadididnaseudruinudntes Amundaves p-type Fanauay
flunulavei3unda Back Electrode vihwiwidussiusaulea
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224 fvemduInusEindwdinddlan  wasnduuasoriindiaded
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WRaIMIUsEINA 4,75
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225 ausuliuasiulsiidfyvevaduasering
9‘1’1u.'U1ﬁﬁwﬁ:uﬁﬂahuﬁﬂﬁwaéummﬁwéﬁﬂwaw'u‘mwmiﬁ"nm’luuvia::ifuﬁ

sty wardimmddglunsinsamiluilusasiuil sasssunahluduinssuunie
AN LA ndiiReslluusasui iiseid
pudiuvaas : nszudaln (Current) suludadulasnsafiuauiduvesuas vinea
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Uss@nB MBI
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o gamgdl 25 se C 19y dwualiiusuasefindiuseiiliihiheesida (Open Circuit
Voltage wio V oc) # 21 V & gamgdl 25 aeen C Aegvanganud ussdulwiiisldann
wnsuaseiing edsliildrarugunsallnila a gaumail 25 s C auwiniu 21 V dgaumgdl
gan1 25 8 C 1gu gaumgll 30 e C asvihliussdulwihvesunsuaseniindanas 2.5%
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nndermuadinannineiu  deulidlisedenldunuaseriing  wwdesiiliinumniives
uatszyliluunusiazeiinsnedn Mnasgueyls vidoumsgwiilidauansetuvdolsl wu
uwwﬁﬂuﬁﬁsq'h Wiihdalwihgegald 80 Tad frnudunas 1,200 W s as.ums o
quugil 20 asm C weiidnwiantesyyin Windilwihgeeld 75 Yad fmduua
1,000 W sie A.1ns uazgaumgilnmsgiu 25 aan C uda sswuiusitsyyiibiinadliih
80 W axliiaslviieindy anavmdanan Qﬁﬁ]s'li'umﬁaﬁ'mé’nﬁaﬁaﬁaﬁmuﬂmé'ﬁflu
nsidenldunusazutinny

2.2.6 auanvauzneliivesunslvarfivad
a v ¢ ¢ el a - v
Pnfinanuudriwslanfieadivareyseian  lunsiansadenliussanm
4 -3 L J- .v' L 1
ToUszunvmilaazfuegiiumnumnyanvessnunfan uazeufonsvely Wy 4lH
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Peak Power (Pmax) fia ﬁwé’eqaqmmmwﬁaﬁuq Feazvendaaudu Tad W)

Operating Voltage (Vpm) g u.:Nﬁ’u‘lﬂﬁ'quqaLﬁaviaﬁuqﬂmm“lﬂﬁﬂ vansmiaudulian
Operating Current (Ipm) #i@ nssua'lﬂﬁ'sﬁ’fn"lﬁﬁﬁwﬁ'achmﬁa‘lﬁ'ﬂuﬂnﬁ vanduauiu
wauy

Open Circuit Voltage (Voc) fig wssulwiile st duussiuiinlddlellfdery
gunsallwit

Open Circuit Current (Isc) fip Anszualwihiialfidodniees weud)

Dimensions A TUIAYBIUHY Bl

Length AUEILHY

Width AN

Depth AMUVUIKY

Weight Ao thwilnusaiteuselonilumsdnnalasiainesesiuung

Standard Test Condition fi® (eulyveInITNARBULAS 19U

Air Mass 1.5 sesupnuduuasiildlumsmaaeuil 1000 Jadremsnaums

Operating Temperature 1~nuqqum‘ﬁﬁummﬂaau uazldau

Cell Specifications 'uaqaﬁnu'mw ua-'wmaawaauam'mnuv'ﬂ'u

2.2.7 fedunnidesdoyavasunsludvad

uaz;]aé’qtﬂn'lun'lswmszuwaqamtn'l mdalwihaiaegldonualyavadidu
wihlwinelideulvesls muauﬂsm"wmmu.mmwum"qmtawmns.,ua‘lﬂwaamws
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Snuadlvanead wasiddgdildnanudAesiauilfifudiatlunesguve sy
duwadonnarliliuniléfugunsalsvuy 12 Taad vl 24 Toad anuiigldfeansila
Taoviaqluudn uuﬂ‘ua'wwaéﬁav'l-ﬁ'ﬁ’uqﬂnmhvuu 12 Taad sxsvyuseudieldan(vpm) #
Uszan 15-18 Taadt Fusgiuussniialy dauumv‘u’lﬁnuqﬂnims vu 24 Taan avquusw‘fu
leldmuvpm) fuszanas 7.5-90ad ethalsfmulutiegiiuviinuuadedeaddulng il
nsldnulaevaluasdurianldfugunsaissuy 12 T'Jamfludau'lmu Umnwﬁmmnu
ssuu 6 Tadfilithe duvssanildfuseuy 26 Toad wiegandrfiidudnursnevindu
wiloutuuslinnnitessuy 12 Taad esngldannsnthunsedoussiu 12 Tad Tuse
aynsulililandgedunuiideinsegud

2.2.8 qmnuna-s'lﬂﬁﬂmnwaauawmau
1. Lifunun waqwamuauq nm'l'uuuagg W iy duiiu Aesssueni
Wusiu Auneidunsweinsiidsine mwmmaa'mwwwmmaq‘luqni'na



19

2. Duundmdsuazamliihiildaneaduaseniing iasnnsdsunda
wandunszualvitilaonss denmananinindug AReswmiuiy wndwiu witumes
luidelorhdsteliAnnisudesfnemiueulasenled  sawwannymadss  wad
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3. aiw‘lﬁﬂﬁ'lwnw'mmumaﬂq Weldtumdasiaay auddsaulwihuune
Tvgjseiu 100 kw Fuly ﬁalu’m%anma'luru m-ut'naauma'lmuanw..wugw'lﬂm:uaunu
JsrdvEnmwinidy  seenlssousdaliiiindnd  nsedende wavuuTigy
Uszavsnmmsidsundsaeriuiunuiavesszuy

6. wdeitlwmlifussuuliunaduumasdstiinfugaldauinegeuaziing
M wazazdeadissuwininsds uilwaduaseiindasaeanszuulaiiung A anunsandn
Iluusnnieeldould visssinuundinitu ead1slwibldiedutuiae

2.29 Yodnavadluiranwaduasaniing

Larudismduridis  wimdsnutesnsenfindbififuvus  winaw
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Huinealudae

2. Umnalwihiildesuysiunuanmenniailssanduiuuaeing  input
fusgfuanmermea  (uduuaserdind)  dnfu output  Swuwdsdumaludag

3Rl Ll uunned)
Iiheniintuinedleiua  wasduedtasadivily dafu  niseenuuuszuuvn
sl wfnesinsnaudulninfviswummeiielilunafissuugaduaseniinglise
nszualn

2.2.10 UszanBnmvaagaduasUszdnBamessunslyaead
UszavinmusaraduasUseaniamreussleangadaziinnuuansieiu
esnlumsmunussansnmasAnnaanuuavestuad V3DUUIRYDIURS
Wisufsuiumasnildanduwad visundsaneadiug Fesdaamuansreiunsiznts
ﬁﬁuwaé‘lﬂﬂsvnamf!uu.mha"lL-uaé'tfua-'ﬂ'ﬁawamiasawhqi?uwaé YN TUIATDILEN
‘lmywunmamawu Fulwaduun 1254125 = 15625 maaiadunsedy inu".nu 36 iu a.,
fifufisan 562500 M5 nTadLInT vﬁam'mu 0.562 AITNWIATUAZIEAARY 36 Bu il
annsoliidtldsuduwindy 75 Yad Arruduuannag 1000Tndden1IINRT W
UizAnBnmuestuvaduuiniesviniu 754100 s 0.562*1000=13.34% dwnntu
waadinanildnwuniudvasuinia 'lun'smiuwaaun'lsmqu‘lﬂmauu m'l.wumswm
Fuvadanas Usraninmestuwadissfuiudndnioousidodumadis 36 du dlu
Usznauluuilvanisaddarosiivarinsesroseninsesnoveusadunartu Ssaiinavinli
'ummaaunﬂu:ﬂ%un'i'lﬁuﬁﬂmﬁuwaém“q 36 Fusmiu wu Wevszneuduwsruinues
usledgadtutipmn ity 530 fedwmsuasimimemusayiniy 1188 Hadiwns 39
deAndufuiluderldmuiivindy 530%1188 wasiimuemusainiy 1188 adwes duile
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Andutuiludrerldtuiivindu 530*1188 wie 629640 msniladums wie 0.630 MTN
wns Tuvasiiwednanbihdwidy f#o 75 Jad Amnuduuaanasgu 1000 Jadde
asuims  WdustAvBnmuewsuasoriindtiusviniy  75*100  wists 0.63
*100=11.90%

ﬂa’lm‘]wuuumﬁnsmqq 'lmummwmmuwmmﬂs"ammwuawuwaa"lwqwu Tuvauril
wwevesuwadunidy  Tailieluremuaviiduudaunsaliiiddldiiuty e
Ustlenironsindaunsiiiimiaasin Wuanmdathusineg Seliaunsanieusun
yamaapUula M‘saﬁv’mﬁmmmi’um'lﬁ'fluu?nmshﬁnﬁ"\‘lﬁ'l-u"um'[ﬁa"lwaéﬁﬁ
Uszavsnmgdlunsingy wikuiissingia uirndeiterldanussluaieadfiiutu S
Q'l-ummminﬂsummm'l'umumu‘[ﬂ‘iqa‘rmaa‘iuum'lumaq'lﬁﬂ'seaﬂq'lmuma'saﬁummu
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2.3 DC to DC Converter

Tquseaen
\eAnwmdnnswWAsuusasiuain DC to DC Converter
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231 299nuseAuusesulniy (Boost Converter)
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(n) (vV)
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Aiy,on + Aipoff = 0

(%) pr+ &= v°)L(1 —DT_,

V.D+ (V;—Vp)(1—D) =0
V.D+V,—V,D—V,+V,D=0

V,—Vo(1-D)=0

Vo 1
V, 1-D

ansa lUmans 19818 RIUTEI LTI UBURANULSIIY

v 3 v a a J I a a L]

futeing FeezuulainsuSuusuinieninatuegiunisuiuei D (Duty Cycle)
Taemnuiusn D Wurwinsezlddnsnisvesussiuevinaladauandlunisis

d o v o a
A5 2.2 uansAuANNUSYEY Duty Ratio (D) WAy 8ATINTVEIBUTIAY

Duty Ratio (D) | 05 1M5gNuns 9w (V,/V)
0.0 1.00
0.1 1.10
0.2 1.25
0.3 1.43
0.4 1.67
0.5 2.00
0.6 2.50
0.7 3.33
0.8 5
0.9 10
1.0 Infinity
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2.3.2 Buck conveter
[ da v | v a | |
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2.3.2.1 MaNN19Y19IUV92935 Buck Converter
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Vs -ZY\",, i Vo

3UT 2.18 2335 Buck Converter
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Zinc Carbon Alkaline
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1 a o L% s 1 vV = A - lll 1
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oAU
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Ni-MH Lithium

JU# 2.23 wamsuuAABILUY Ni-MH wa Lithium

gruiinifauandlsuvseliuan (Nickel-cadmium cells, Nicads)
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ﬂunummmm'lmau‘lﬂaq'luan'ma.nu'lﬁ‘[nun'ﬁann‘suu.a'lﬂLﬂwlxﬂuuﬂqqﬂnsmﬂﬁaﬂ‘lﬂu
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2. wnwelelaladvu-damies (Nas) Wuuunmeiittimumnuturemdinius 517
uws annsaldnuldfigumaiigeds 3500C

3. wawedviaded-Tusily (ZnBr) Wuuummeanliuseiuliings siagn egnIstd
awitenun wngdmiuldiusalni widniilgmannivessygiiiu uazfelusiiu
\Hufenidunne
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ynuiuvemdigs 1w smgn fuwinuudeesifuioddiia uiagUaonieiile
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2.4.3 Younni19TEnINuUnmes Lithium Polymer Au Lithium lon
al = - ] L 4 4 ] ar
Jagtu  fefeunfvaraunivinudningliwuameiog 2  Uszavvanqde
. . . ¢ J 5 1 v 4 1 ar U L 4 as
Lithium lon wagLithium Polymer 93 v4 2 a1 iNaNLANANAUABUY YA
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Lithium lon

Huwunmeifigniautulud 1912 uﬂ'l.ugn'lﬁamaumwmuun unswiy Sony (denld
wumediadflud 1991 (umunn ndeeduiion) wwameIUszam Lithium lon darumuiuiy
YBINAINUG U wéwﬂmﬂmgnmq Lithium Polymer lunisléafausnlifestnianou ua
msUanudsendsnusunn egaslsfinmm Lithium lon sxlinsidenanmanowibilagnld
A

Uszian : ngui2 (nguusn Ni-Cad)

Ujisemaail . uananaiuly Fusgiudidninslar

gamaiilun1suiRnng : 4° F fa 140° F (-20° C i 60° C)

mnzuinsldoudy  : flefe quasalneuiamesiiofe @nivinuiuey)

wseuuy . 3.6&7.2

ALY : umne1eiuly usiun@idu 2 winwes Ni-Cad
dnsinspateUsyy o vew

91gmsleu : 300 - 400 cycles vn 100%

gamaiilumsends  + 320 F e 140° F (0° C i1 60° C)

ogmMsiiuine : gapdevszqlionndt 0.1% raliou
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nsmdn : aunsaunlUiledala
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a & o w a d a w
manantuan gnaniatugy Avdsuiudn

' o e a a . f
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Lithium Polymer
v s o o B Y @ - ¥
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Bidntnslavi-Indwed Tuguuuy uds uaz wh adeiuiiduwatadn villinaseninde Jusn
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1 J
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- ke - x e -
gamailunsufidng : Ussnsnmiusgiugamgil
' v Y a4 A « a cal ¢ )
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gamgilumsmin ;320 F s 140° F (0° C §ie 60° O)

1gN1IAUINY : geydeuszgiiesndn 0.1% selieu

gamaiilumsiiu  : -4° F fia 140° F (-20° C fia 60° C)
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Bun : nzuAnsvfanelugunsalinnadinisriianieueniuingd
wumma3smaniinidia (Ni-Cad uaz NiHM) nsuda hishisludiu
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2.4.4 mMIvrianunined

wunmsiuuurinllnild AldRugURsaisidnmselindiley ¢ Ussim Baud
avUsemfiisguainuiuasmsyinitieiu Fafupsginileduummeidulsuavin
Tasgandemuiidneguusuuaned wietliaunsaneneennglédiliaeuniludeudn
gunsaliuumme’ Auauufudusuula
wuAmeIwUY Nickel-cadmium (Ni-Cd w3e Ni-Cad)
- Wldmsindeneouudiferesvinmsmdalnlmi
- ldmsvriauuuisa (Quick Charge)
- thuumasisenaniivsaiuiindaninduud
WUAMBIWUY Nickel metal hydride (NiMH)
- psvndawmiloudu Ni-Cd navsems udanselfnufuiiswninuuuia (Quick Charge)
1%
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WA
- TugUnsaifléuummed NiMH anefoundeniu dlewunmeivun FenhuunneTuneiin
Inflviviun
Ty msldewediusn vdenslduuuameiiiiulibilaldnu Fesndauunmeiliiy
walfonlivmuain 34 o Wensrduwaduunnedteerldmmquunnetifumilouund
WUAABIWUY Lithium ion (Li-lon)
- Wuuunmeditlitia Memory Effect uarliifosguadnuserinlfnmuannmilousuniaed
il
- aunsanninlivesaimugeinslagbifinaviliuummeiiden
- ansovrdauummeiimaeBuunadenisiaghiviliuunneiiden
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WUAMBIWUY Lithium ion polymer (Li-Poly %3® LiPo)

w v 4 @ a5 . 5 ¢ v ol
- msguainwiuazeignisleumileunu Lithium ion (Lidon) @unsavinlwlavssami
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foems  warflogmaudwsiuiindslasiiguuuunisliauuaznisuinerbide  walvieny
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pgeiiszaAnsnm lnsidenuuamasiduuuy Lithium Polymer

2.5 SolidWorks
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SolidWorks waunduludl 1995 TaguismDassault Systemn TukFuma iugendurfivelin
gonwuuld  Hudesilelumsesnuuumsimnssy  ieaieiiodmaniusisansly
Computer  fauflwzaduwandueivuuuusds  laodavenduriazdnaglumssga  CAD
(Computer Aided Design) %‘ammma%’w%unua‘haaq'luguwu'u 3D Solid Models (Uuuuy
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Ouuendy  (Par) wasuuuUIUUTENBY  (Assembly) weluadradiu 20 Standard
Engineering (CADD = Computer Aided Design and Drafting)

TUsunsu SolidWorks LﬁuT.U'suni:muﬂﬂuﬂﬂwqu'lumswmuqqmn fie awnsaiazviinu
wnEvaIeFuLuY Litesdudunuiidedudy solid vie surface Afiiissitsasiudu
28197 maas'n%wamasaqusauawminmvﬂ's.,nau%w\u"lﬁ'lu Mode ~weayafds
Assembly 32M3j#B3NT3 Drawing yastuu Aftssantusanithilunudinne a
spwiilflfnuannsaiiazusmdanailunmahousazayniunaihausnie

2.5.1 Ussansamn1svinau
Usednsnmees  SolidWorks Li'lun'mm.,ﬁn'lﬁﬁ’naanuwa'mﬁna%'w't‘?uﬂu
$1ae19$u Mechanical Engineering Design léginauysaiuuy uaﬂmnummmm
ilUldlunasAuaneIfIngsy wazn1snsavasunluianaInves 3D Solid Models iie
andunulumsnde wazanszaziiansinmilunisesnuuy ieLuUsEavisnmn1sYiaY
TuuSemuazesnns

2.5.2 AnwMzN1NNU

SolidWorks wiavananisyinaundnoandy 3 waanAe Part, Assembly uag
Drawing Tﬂﬂﬂlwun'}ﬁmnum 3 mnedidnuaenistdnudsil
* Part Mode Lfluumﬂmiwmul.'iununaum.maﬂmsmmuluwmm Assembly uag
Drawing lutuileziimsudansieeendiu 2 dau fie n1sld 2D Sketch wethlugns
ataflu 30 Feature uazilidouluiiu Feature-Based Modeling uaz Parametric laeiins
91989310 Solid Mode
1. Feature-Based Modeling Aa n13apnuuugenskIsIiaINTansUBRaANTRA1N UB
Solid Model ﬁ'a%’wr'fumLﬁalﬁé‘lﬁ'nummmLuﬁauuﬂmuazuf’ﬂﬂ Model Tuddunis
yauusartuldieuazsan
2. Parametric Model #® m‘saaﬂuuu'uaﬂﬁuﬁ’dq'lﬁ'ﬁauhmﬂd‘mn’lﬁaﬂun'ﬁurﬂwmﬂ
nh‘m NNLTVIALAYEY Model waﬁwum
3. Solid Model ﬂauuumaawmaummaswmm'muammma'] U Density, Material,
Mass, Weight Wusu wazdianuisaueaiiu 30 Model Tnnnuunaa
* Assembly Mode umnanisvhauieth Part Model ilulszneuduniasinina
videnalnsinaq uarilidouluiu Feature Base was Parametric L9 ifignriu Part Model Tnw
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Solar cells 9 V Port USB1A,5V

Battt'fy 111 V

v

DC Boast Converter 125V Battery indicator 3 levels

j'Uﬂ 3.1 uam Block Diagram YouTEUUTTIUALAD3

3.1.1 Solar Cells
° v o v e o - < o - &
ywmthiiduiundanuumeding - wazdsundinuuaseriinglieanuniiu
wisenilugunszualniy feanlaseadradu Input vessyuy

3.1.2 DC Boost Converter
vwiduseswansuitldnnuwdedgad ielildusiduiidens vie
usaduitnzaslunisfauumael dalulaseuiléld DC - DC wuv Boost Ae audiu
2TTUVULALUTIAY Lﬁaamnusaﬁuﬁmmsaulun'ism%auumma’s‘waq'lmi‘n 125 V ud
WS9AU Input Mezuanleanvadtiooniuseiulugasil

3.1.3 Battery
Battery fugunsalifiundsurilavils Seminlaseadiovesszuy vimihitdu
#¥uuseiu Output 970 DC Boost Converter \ilaFulsadiu Output Avnzasilunsmis
wuAmeIfiargnYIiveddnlui

3.14 PortUSB1A,5V
{fu Output gavievesszuy Wewrialnsdmi Taesu IC wes 7805 iewas
nseud wazuswuliidu 1 Auag 5V
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3.1.5 Battery indicator 3 levels
. J “ 4 1] ar é g -
Wudsiuaneseiuramummeiiiy LED Wudum Aesedum dutu Ao
o -l - -
seAunan Ay Aaiuuumned

3.2 dauvosdiannsaiind

321 auautRvesusdvarfivadild
wilvarfiwadildlulassniifuuuy Single Crystalline Silicon Solar Cell i
AraTAgelud

Viax = 9V
[ax = 100 mA
Py = 900 mW

AN 110 Tadwng
817 95 Nadlng
wul 3 dadwnsg

322 auanlAvawunReIilY
LUAREIMATULUY Lithium polymer
Minimum Capacity: 3000 mAh
Configuration: 11.1V / 5cell
Constant Discharge: 30C
Pack Size: 3.2x12x2.5 cm
Pack Weight: 199 g
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- 299smsanelnanleangaditn Battery
- NATUARINATEAUNANY Battery
- 29935015918M97n Battery 191 port USB
- Anwinsruaumsuwlase Voltage valniilviiadios
3. Anwwazdsgunsaiddnnsetindirfivunavinlatne Tnglduvagude du
Ingitivum 1A/ 5V
4. sanuuugunsallaslylusunsu SolidWorks
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1. faRiimes v Yugo Ju My- 68
2. fiaffmes Be UNIT ju UT33A
3. unslgarsigaduuin 9V 100 mA
4. 19395 Boost converter
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72933 Boost converter
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+
Solar cell
GND Amp meter
+
Boost Converter
GND +

Volt meter

o '
31]11 4.1 uamINIIANaed uasawi'lumimam'mﬂam

4.1.3 wan1Innaed

o L4 o ar <
A13190 4.1 wansleyavesussiuuasnsrualeariiwadvasiui 31 unsiAu w. A. 2557

w

Voltage
e ——

Voltage

Time Voltage | Current |
6:40 0.995 0
7:10 1.464 0.002
7:50 1.702 0.005
8:30 2.852 0.032
9:10 2.875 0.05
9:50 2.888 0.065
10:30 2.903 0.08
11:10 2.907 0.09
11:50 2915 0.096
12:30 2911 0.097
13:10 2902 0.085
13:50 2.907 0.089
14:30 2.903 0.08
15:10 2.889 0.065
15:50 2.868 0.047
16:30 2.85 0.03
17:10 1.575 0.004
17:50 1.404 0.001

0.1

008 +——
0.06 -

0.04

002 —

0

Current

-l v ) ¢ « |
JUR 4.2 uamdayavewswiulaznszualearilvaduesiui 31 unsAu WA, 2557



J a a 4 o
m31al 4.2 uamadeyaveussiuuasnsrualvansivaduesiui 9 nuaus w.e. 2557

50

3.5

25

15

0.5

Voltage

%

_ L 7 e Voltage

- - v v = v

Time | Voltage | Current
6:40 0.964 0
7:10 1.462 0.002
7:50 2.243 0.013
8:30 2.361 0.014
9:10 2.889 0.06
9:50 2.339 0.16
10:30 2.906 0.094
11:10 2.606 0.087
11:50 2.58 0.068
12:30 2.944 0.105
13:10 2.929 0.085
13:50 2.949 0.09
14:30 | 2907 | 0078
15:10 2.891 0.068
15:50 2.874 0.051
1630 | 2844 | 0.029
17:10 1.434 0.004
17:50 1.423 0.002

02 —

0.15
0.1 T
| e CUFTENT
0.05

v o ¢ o o v ¢
JUT 4.3 wanafeyavewussiuuaznszualyardivaduosiuil 9 nuaius w.a. 2557
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Time Voltage | Current *"*’ o

6:40 1069 |0 Voltage

7:10 1.409 0.001 35

7:50 1.657 0.005 3 N/

8:30 2822 | 0.019 e I \

9:10 2.879 0.057 15 /} \‘ ——\/oltage
9:50 2903 | 0.027 e a5

10:30 [2391  |0.02 e —

11:10 | 2917  |0.099 I 88838

11:50 |2912 | 0.076

12:30 2922 0.106 Current

13:10 | 284 0.027 Mz 1

1350 |2863 |0.082 0.1 -

14:30 | 2856 | 0.07 0.08 ;N

15:10 2.841 0.06 06 N \ g
1550 | 2.868 | 0.067 o7 o] A\
1630 | 2802 | 0024 ) <t LA

17:10 | 1601 | 0.006 NOC ™ P,

17:50 | 1.403 | 0.002 s M7 Cam AN Jy

< ) o o
JU7 4.4 uansteyavesuswiunarnszualeariivaduasiuin 10 unsAn 2557
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Average power (W)

Time Voltage | Current | Power(watt)
6:40 1.009333 | O 0
7:10 1.445 0.001667 | 0.0024
7:50 1.867333 | 0.007667 | 0.0143
8:30 2.678333 | 0.021667 | 0.0580
9:10 2.881 0.055667 | 0.1603
9:50 171 0.084 0.2276
10:30 2.733333 | 0.064667 | 0.1767
11:10 2.81 0.092 0.2585
11:50 2.802333 | 0.08 0.2241
12:30 2.925667 | 0.102667 | 0.3003
13:10 2.890333 | 0.065667 | 0.1897
13:50 2.906333 | 0.087 0.2528
14:30 2.888667 | 0.076 0.2195
15:10 2.873667 | 0.064333 | 0.1848
15:50 [2.87  [0.055 [0.1578
16:30 2.832 0.027667 | 0.0783
17:10 1.536667 | 0.004667 | 0.0071
17:50 | 1.41 0.001667 | 0.0023
ﬂjﬂLﬂﬁUﬁ‘]ﬁ‘:Qﬂuﬂ 39U
2.448333
Average Voltage (V)
0.049556
Average current (1)
0.139694

0.4
0.3
0.2
0.1

Power

1 ‘ ;

A

_2 } -Power

v/

r’Fﬁ* TTTTITrrri

g 288 ¢

QR e X T

o v o < ¢ ¢ & a
31]11 4.5 uaﬁﬂﬂa‘daﬂaqu&\’ﬂuuﬁzﬂiguﬂlﬂaﬂ Tla\ﬂﬁaqilﬂaa'nﬂ 37U
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4.1.4 ayunavinniaiudoya

vinmafiuieyavewsiunasnssudlvafioadie 3 u wuin gaaiiiiinds
(Power) annilgafetas 12:30 u. twnillymiwasiussavsnmldléaRodaoud 9:00 -
15:00 u. uagvdsnin 1500 u. \usululvmdwadesldldlidiuyssavsnm Wownidu
Fiineiindridinn uawuanEumun
nmsiiiiuioya wsedu nszua wazidau wuih duadveddardiwadia 3 Tu wihiy
0.139694 Fméi A1 Discharge vailnsAwy Wity 5 Tad JannidnsINsyIsaUssam
5/0.139 = 35.97 i
daudnsvuadens 3 Ju wirfu 0049 weuld vieuszanm 49 fiaduend wumweive
nsfimiegiuszana 1420 mah (dw3u Iphone) szastiu tatlunisde fievdali
wunmsivasnsfwiduegissana  1420/49 = 2897 dalue ( Wunamangud] dh
lvansiwadsensaiulndn )
uavddldtimstunandoniennuuased Fwrlduunmeidmileiuly 2 Halu 30unil
PNUUALABT 17%

- -
dlowummed 17% dleuumned 100%
o ¢
JUN 4.6 LARINITAITIINTANY]



54

d 1] o ar 1] -
4.2 nmsvaasuNamAusIAY uazladerneqlunisldeuaia

y
4.2.1 YuURBUMIATEUNTT
- L. - -l @ L4
1. Andadnnegienaiinanugunin
<
2. wanuiluguuuuiivanvaty
3, Anwszezianaiulisg
o L - -
4. wereuUFuugURuUN VY s IvEIUsEAB AmnATige

4.2.2 funaum‘mnam
qunsal
1. aRfines Be UNIT fu UT33A
2. gUnsal Window Charger from Solar Cell
FunouNISVIAADS
1. ingunsaifunsyanluaauiisie
2. Yapnwesuseiy Tneld Sadtines 8o UNIT Safianas Input , Output ¥8s
2995 Boost converter Way Wsisiuues Solar Cell
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JUT 4.7 uansanunlunsneaes wariiemnaly i 28 NUAUG W.A. 2557

ILummeINauSY 11.24 V
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4 3 i 1 4 w o o F
A15719% 4.5 uasslasnisainSolar cell wagBoost converterluiun28nunINUGS W.A.2557

Time V (Solar) |V (In Boost) |V (Out Boost)
9:40 9.43 2.868 11.24
10:40 9 2.833 11.27
11:40 8.98 2.831 113
12:40 8.77 2.256 11:32
13:40 8.59 ) 7 11.33
14:40 8.59 LF 11.33
15:40 8.22 1.51 117338
! 12 N Fa® |
l T
| 10 1
—
| 81 -
-
! 6 - -
N - P
i
bl pladu fo
: 9:40 10:40 11:40 12:40 13:40 14:40 15:40

==/ (Solar)
e \/ (In BoOSt)
V (Out Boost)

i
|
|
|
\
|
|
|
\
J
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A - - d <
j'l]?l 4.8 uanaviAnalun1sneasy Jun 4 dunAu w.a, 2557
Y] al s -
MBUARBINBULIN 11.2V

o « ) | P
A5 4.6 uassladitleainSolar cell wazBoost converter Tuium 4 fumu w.a. 2557

Time V (Solar) | V (In Boost) | V (Out Boost)
9:40 8.29 1578 11.2
10:40 9.16 2.815 .2
11:40 9.14 2.848 11.22
12:40 9.24 2.855 11.24
13:40 9.47 2.867 11.26
14:40 9.48 2.882 11.28
15:40 9.41 2.892 11.31
A % =\ N |
12 - AN S/ ¢ A |
| 10 - — —
| & 41— - B e \[ (Soar) |
1 e\ (IN BOOSE) f
4 %- T — V (Out Boost) ‘t
t
2 / ‘

9:40 10:40  11:40  12:40 1340  14:40  15:40 ‘



P a v a -l
gﬂ'n 4.9 mwuamﬂmumumwmam waznavely Jun 7 Juiau w.e. 2557

W a0 -
IALUALADINBULTH 11.17 V

57

< ol v o e al
A51af 4.7 uanslaasitldainSolar cell uavBoost converter Tufuil 7 fiuimu w.a. 2557

Time V (Solar) | V (In Boost) | V (Out Boost)
9:40 9.31 2.862 mAT
10:40 9.05 2.841 11.19
11:40 9.47 2.867 1.2
12:40 9.47 2.866 1125
13:40 8.65 1.798 11.26
14:40 8.26 1:553 11.26
15:40 8.39 1.589 11.26
E 12 \ X _ 5
10 - —
6 -
i
4 —~ -
2 _— S - \ — —
0 - - _
9:40 10:40 11:40 12:40 13:40 14:40 15:40

=e'\/ (Solar)
=\ (1N BOOSL)
V (Out Boost)

|
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= a 4 =
.10 mwuamamuﬂumimaaa warnAn1aly Jun 8 Junau w.A. 2557
a & 1 iﬁ‘
MLUALRDINBULIY 11.06 V

= ) | -l
A15197 4.8 uanlaasilaannSolar cell wagBoost converter lufum 8 fiunAu w.A. 2557

Time V (Solar) | V (In Boost) | V (Out Boost)
9:40 8.84 1.86 11.06
10:40 8.87 2.204 11.08
11:40 8.92 2.853 A
12:40 8.94 2.864 11.12
13:40 8.96 2.867 11.14
14:40 7.89 1.403 711.14
15:40 7.88 1.402 11.14
12 A\ - M - :
10 - — ‘;
|
8 - . 04 —— \ a -
F i | —V (Solar)
e [ (IN BOOSE)
4 V (Out Boost) |
‘ i
|
0 - 1

9:40 10:40 11:40 12:40 13:40 14:40 15:40
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IC

MC 11.83 | 252 298 |460 |470 [216 |37.40 72.5
34063

LM 11.70 |580 |[6.78 |500 |498 |249 |1.10 36.7
2575

LM 790 | 999 789 |565 |995 562 |19.05 44.0
7805

1 | v o A 5 ' o L3
InAwNgAIlARIA11eR 5.3 Yu awnseaguld@msinisdentd IC wes LM 7805unl4lu
MImUAIMSINWISTRULIRLTeINsSmsyquUAmeITnsfwitledewlesmniina

s A
wnzauiugunsainiige

5.3 UgwinazguaTialunisvinu
v o Il o o
1. lun1sveassauseviaasdlsenizdnnanivawss sxliaunsavaassluiunelu
an e wislunainanaula
« v - - ' |
2. unilvariiwadiilivaansinadovanmie inssuaiioonuilinsemn spec
Ay
W ‘ v n A & - da-l’ o v o g v - o
3. lumsfiadaunsleaniioad Aadseguutu 2 vessulosdiinuites villvnsiany
Hulugheaudunuasiinudss

5.4 daiauauuy
sruulsrquuameiinsdwidefie Tasmathiwaduaseriindunldouiu dwnadidedin
vo &
¥84n1519A41 Ae
¥ o w a v - ) J "W - ]
1. dedriavemdnuilinnaduaefinduudectusgiuanimeegiiennirveus
< v
azLauazan uNYeINI Tl
t 4 o ar - J - i - z
2. fedrinvesiuyuiiionin waduaserfindiismAeutgilusrozusnvainsinn
] @ ° o Y a d
diaisufiunisiuvasitendanueiaduanlyanu
v o w < o a4  w v ¢ a o 0o q v v
3. mindsansiaaliiings  duduiiezdeddiwaduaserfingdauin  villvidesld
& u
wununawlude
v o w o q v -l\[ A - a a3 val
nndedrinmmesszvilimsuszquuaweiindwiliefootiivsy@nsamneniinislen
<
UTEUUARDTUUULIATEIY



UITIuIYNIA

57.5.0.05. T5uivw§ Fuldu. 2546. Land15UTENBUNTIHRUIYY Power Electronics.
ngavng : andumalulagwszasunaidnguvmsaiansell.

= - ' « o -
P89 ASYQYTEY uavsoney amieda. 2540. Viggyriinug \Jos n1sAnwmadu
diannsaiinditds. nganw : TssRuiuminendesssumans.

L3 ar 4 o el ° af
561, lan wada¥an. 2535, Bilinnsailindringa Power Electronic. NTANNT :
anumalulagwszssuinaidnaumnsaianssii.

vi3fin@ Ai3tae. 2549, SolidWorks Handbook giledmIugldl SolidWorks atuauysal.
nyavwe : anAudsaiumelulad (Ine - gu)

A8 UTT999A. 2538, FAINTIUNTHBIATN. NFUVNT
aoiuwelulagwszaauinandinammsainnssdl.



AMANUIN A,
(nwenegunsal)

n.1 ameiegunsal wazuau
- DC Power Supply (Instrumentation Model INS2000)
- Meter UNI - T 3u UT33A
- Meter YUGO Ju MY - 68
- JusnAAnTEaNn Suction plate
- Insényl Smart Phone
- aLiNLTIRy (Boost Converter)
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- g duFasrUuUsEguUAADIilaRBTIANAI LS ITUYR

n.2 AfnyaUszquUAABITofsvINWAULE TiIndUUUNANT
- PUINVDUYAA LD IRY
- YTUIAYDINIT Boost Converter
- fiffowaduaseniing



65

n.1 Amaiegunsal uasuau

;i'l.l'i’n‘ n.1.1 DC Power Supply (Instrumentation Model INS2000)

L
P
®
.
=
0 £
EIS  ague gy
» 10Amax VOmA -+ COM
. ’
.,
>

’

Ve

Meter UNI - T Ju UT33A



66



o a o
JU# n.1.6 993NN (Boost Converter)

67



P < A a w a
JUM n.1.8 YAdIITEUUUTEUUALABIUBNDIINNANIUTTTUY IR

68



s I N

B ——

")

- P
4% [t

‘:-3..-)‘.

o ¥
JU# n.1.11 wamamsldeuluamuansisuy

69



70

a o Ao a [y a o
n.2 wﬂﬂqﬁ\.lizqwumlﬂaiuﬂaa'lﬂ'ﬂﬂ\‘l\'l'luuﬂ‘Ia'l“ﬂﬂu'UU“ﬂ“'l

n.2.1 vunvauYadudeiing
N9 110 JadAT
g1 95 Hadwng
w1l 3 daduns

N.2.2 YUINYDI2997 Boost Converter
N1 53 daduns
817 38 laduns
WU 21 dadung

n.2.3 ANwasuasaing
Vinax =9V
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SEMICONDUCTOR® April 2009
Zener Diodes
Tolerance = 5%
DO-41 Glass case
COLOR BAND DENOTES CATHODE
Absolute Maximum Ratings * T, = 25°c untess otnerwise noted
Symbol Parameter Value Units
Pp Power Dissipation 1.0 w
@ TL < 50°C, Lead Length = 3/8"
Derate above 50°C 6.67 mW/°C
Ty Tste | Operating and Storage Temperature Range -85 to +200 °C
* These ratings are limiting values above which the serviceability of the diode may be impaired.
Electrical Characteristics T, - 25-c unless otherwiss noted
Leakage
Vv I (Note 1) Max. Zener Impedance Non-Repetitive
z(V) @2 Test Current Current Peak Reverse
Device I, (mA) c ¢
Min. | Typ. | Max.| Z Z;@1z | Zxx @ | 2k Ik | Vr T
(Q) |Izx(Q) | (MA) | (HA) | (V) | Izgpm (MA) (Note2)
1N4728A 3.135 3.3 3.465 76 10 400 1 100 1 1380
1N4729A 3.42 3.6 3.78 69 10 400 1 100 1 1260
1N4730A 3.705 3.9 4.095 64 9 400 1 50 1 1190
1N4731A 4,085 4.3 4,515 58 9 400 1 10 1 1070
1N4732A 4.465 4.7 4,935 53 8 500 1 10 1 970
1N4733A 4.845 5.1 5.355 49 7 550 1 10 1 890
1N4734A 5.32 5.6 5.88 45 5 600 1 10 2 810
1N4735A 5.89 6.2 6.51 41 2 700 1 10 3 730
1N4736A 6.46 6.8 7.14 37 35 700 1 10 4 660
1N4737A 7.125 7.5 7.875 34 4 700 0.5 10 5 605
1N4738A 7.79 8.2 8.61 3 4.5 700 0.5 10 6 550
1N4739A 8.645 9.1 9.555 28 & 700 0.5 10 £ 500
1N4740A 9.5 10 10.5 25 7 700 0.25 10 7.6 454
1N4741A 10.45 1 11.55 23 8 700 0.25 5 8.4 414
1N4742A 1.4 12 12.6 21 9 700 0.25 5 9.1 380

© 2009 Fairchild Semiconductor Corporation
1N4728A - 1N4758A Rev. H3 1

www.fairchildsemi.com
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Leakage
v Iy (Note 1) Max. Zener Impedance Non-Repetitive
Davice zV)el; Test Current Current | peak Reverse
Min. | Typ. | Max.| 2™ [Zz@1z[Zx@| Iz | Wk | VR Current

: ' ’ (Q) |Izk ()| (mA) | (RA) | (V) [ Izgm (MA) Note 2)
1N4743A | 1235 | 13 | 1365 19 10 700 0.25 5 9.9 344
IN4744A | 1425 | 15 | 15.75 17 14 700 0.25 5 1.4 304
1N4745A | 15.2 16 16.8 15.5 16 700 0.25 5 12.2 285
1N4746A | 17.1 18 18.9 14 20 750 0.25 5 13.7 250
1N4747A 19 20 21 12.5 22 750 0.25 5 15.2 225
1N4748A | 209 22 231 1.5 23 750 0.25 5 16.7 205
1N4749A | 2238 24 25.2 10.5 25 750 0.25 5 18.2 190
1N4750A | 2565 | 27 | 28.35 9.5 35 750 0.25 5 206 170
IN4751A | 285 30 3.5 8.5 40 1000 0.25 5 22.8 150
IN4752A | 3135 | 33 | 3465 7.5 45 1000 0.25 5 25.1 135
1N4753A | 34.2 36 37.8 7 50 1000 0.25 5 27.4 125
1N4754A | 37.05 | 39 | 40.95 6.5 60 1000 0.25 5 29.7 115
1N4755A | 4085 | 43 | 45.15 A 70 1500 0.25 5 32.7 110
1N4756A | 4465 | 47 | 49.35 55 80 1500 0.25 5 35.8 95
IN4757A | 4845 | 51 | 5355 5 95 1500 0.25 5 38.8 90
1N4758A | 53.2 56 58.8 4.5 110 2000 0.25 5 426 80
Notes:
1. Zener Voltage (Vz)

The zener voltage is measured with the device junction in the thermal equilibrium at the lead temperature (T, ) at 30°C + 1°C and 3/8" lead length.
2. 2 Square wave Reverse Surge at 8.3 msec soak time.

Top Mark Information
Device Line 1 Line 2 Line 3 Line 4 Line 5
1N4728A LOGO 47 28 A XY
1N4729A LOGO 47 29 A XY
1N4730A LOGO 47 30 A XY
1N4731A LOGO 47 31 A XY
1N4732A LOGO 47 32 A XY
1N4733A LOGO 47 33 A XY
1N4734A LOGO 47 34 A XY
1N4735A LOGO 47 35 A XY
1N4736A LOGO 47 36 A XY
1N4737A LOGO 47 37 A XY
1N4738A LOGO 47 38 A XY
1N4739A LOGO 47 39 A XY
1N4740A LOGO 47 40 A XY
1N4741A LOGO 47 41 A XY
1N4742A LOGO 47 42 A XY
1N4743A LOGO 47 43 A XY
1N4744A LOGO 47 44 A XY
1N4745A LOGO 47 45 A XY
1N4746A LOGO 47 46 A XY
1N4T47A LOGO 47 47 A XY
1N4748A LOGO 47 48 A XY
1N4749A LOGO 47 49 A XY
1N4750A LOGO 47 50 A XY
1N4751A LOGO 47 51 A XY
1N4752A LOGO 47 52 A XY
1N4753A LOGO 47 53 A XY
1N4754A LOGO 47 54 A XY
1N4755A LOGO 47 55 A XY
1N4756A LOGO 47 56 A XY
1N4757A LOGO 47 57 A XY
1N4758A LOGO 47 58 A XY
© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com

1N4728A - 1N4758A Rev. H3
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Top Mark Information (continued)

1% line: F - Fairchild Logo

2" line: Device Name - 3™ to 4'" characters of device name for 1Nxx series
or 4" to 6" characters for BZXyy series

3" line: Device Name - 5% to 6™ characters of device name for 1Nxx series
or Voltage rating for BZXyy series

4™ jine: Device Name - 71" to 8" characters of device name for 1Nxx series
or Large Die identification only for BZXyy series

5% fine: Date Code - Two Digit - Six Weeks Date Code

General Requirements:
1.0 Cathode Band
2.0 First Line: F - Fairchild Logo

3.0 Second Line: Device name - For 1Nxx series: 3™ to 4™ characters of the device name.
For BZxx series: 4™ to 6" characters of the device name.

4.0 Third Line: Device name - For 1Nxx series: 51 to 6! characters of the device name.
For BZXyy series: Voltage rating

5.0 Third Line: Device name - For 1Nxx series: 7' to 8" characters of the device name.
(the 8th character is the large die identification)

For BZXyy series: Large Die Identification character

6.0 Fourth Line: Date Code - Two Digit - Six Weeks Date Code
Where: X represents the last digit of the calendar year
Y represents the Six weeks numeric code

7.0 Devices shall be marked as required in the device specification (PID or FSC Test Spec).

8.0 Maximum no. of marking lines: 5

9.0 Maximum no. of digits per line: 3

10.0 FSC logo must be 20 % taller than the alphanumeric marking and should occupy the 2 characters of the specified line.
11.0 Marking Font: Arial (Except FSC Logo)

12.0 First character of each marking line must be aligned vertically.

13.0 All device markings must be based on Fairchild device specification.

© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
1N4728A - 1N4758A Rev. H3 3
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FAIRCHILD

TRADEMARKS

The following includes registered and unregistered trademarks and service marks, owned by Fairchild Semiconductor and/or its giobal subsidiaries, and Is not
intended fo be an exhaustive list of all such trademarks.

Auto-SPM™ F-PFS™ PowerTrench® The Power Franchise®
Build it Now™ FRFET® Powerxs™
CorePLUS™ Global Power Resource™ Programmable Active Droop™
CorePOWER™ Green FPS™ QFET® TinyBoosI™
CROSSVOLT™ Green FPS™ e-Series™ as™ TinyBuck™
CTL™ Gmax™ Quiet Series™ TinyLogic®
Current Transfer Logic™ GTO™ RapidConfigure™ TINYORTO™
EcoSPARK® IntelliMAX™ f:) TinyPower™
EfficentMax ™ ISOPLANAR™ ™ TinyPWM™
EZSWITCH™* MegaBuck™ Saving our world, 1MW/W/KW at a time™ TinyWire™
m_' e perysp ey, TriFault Detect™
R SMART START™ TRUECURRENT™
,F° MicroPak™ e ”
MillerDrive™ STEALTH™

Fairchild® MotionMax™ SuperFET™
Fairchild Semiconductor® Motion-SPM™ SuperSOT™.3
FACT Quiet Series™ OPTOLOGIC® SUpersoT™.6
FACT® OPTOPLANAR® SparBOTe:a Ultra FRFET™
FAST® * SupreMOS ™
FastvCore™ SWCFET ™
FETBench™ PDP SPM™ Sync-Lock™ VisualMax™
FlashWriter™ Power-SPM™ S

GENERAL

FPS™

* Trademarks of System General Corporation, used under license by Fairchild Semiconductor.

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE
REUABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR
CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD'S WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN,
WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. LUife support devices or sysiems are devices or systems which, (a) are
intended for surgical implant into the body or (b) support or sustain life,
and (c) whose failure to perform when properly used In accordance
with instructions for use provided in the labeling, can be reasonably
expected to result in a significant injury of the user.

2. A critical component in any component of a life support, device, or
system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its
safety or eflectiveness.

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Corporation's Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also staled on our extemal website, www fairchildsemi.com,
under Sales Support.

mdmmsamm in the industry. nmummnmmamm
who inadvertently

listed by country on our web page cited above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors are genuine parts, have
full traceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-dale technical and product information.
Fairchild and our Authorized Distributors wil stand behind all waranties and will appropriately address any warranty issues that may arise. Fairchild will not provide
any warranly coverage or ofher assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this global problem and encourage our
customers fo do their part in stopping this practice by buying direct or from authorized distributors.

PRODUCT STATUS DEFINITIONS

Definition of Terms
Datasheet identification | Product Status Definition
Datasheet contains the design specifications for product development. Specifications may change in
Advance Information Formative / In Design mmmmm‘
Preliminary First Production Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild

Semiconductor reserves the right to make changes at any time without notice to improve design.
Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make changes
| at any time without notice to improve the design.

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor.
The datasheet Is for reference information only.

No identification Needed | Full Production

Obsolete Not In Production

Rev. 40

© 2008 Fairchild Semiconductor Corporation www_fairchildsemi.com
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LM2596 SIMPLE SWITCHER® Power Converter 150 kHz
3A Step-Down Voltage Regulator

Check for Samples: LM2596

FEATURES
* 3.3V, 5V, 12V, and Adjustable Output Versions

« Adjustable Version Output Voltage Range,
1.2V to 37V 4% Max Over Line and Load
Conditions

* Available in TO-220 and TO-263 Packages
* Ensured 3A Output Load Current

+ Input Voltage Range Up to 40V

* Requires Only 4 External Components

* Excellent Line and Load Regulation
Specifications

« 150 kHz Fixed Frequency Internal Oscillator
e TTL Shutdown Capability

* Low Power Standby Mode, I Typically 80 pA
« High Efficiency

« Uses Readily Available Standard Inductors

* Thermal Shutdown and Current Limit
Protection

APPLICATIONS

« Simple High-Efficiency Step-Down (Buck)
Regulator

* On-Card Switching Regulators

+ Positive to Negative Converter

DESCRIPTION

The LM2596 series of regulators are monolithic
integrated circuits that provide all the active functions
for a step-down (buck) switching regulator, capable of
driving a 3A load with excellent line and load
regulation. These devices are available in fixed output
voltages of 3.3V, 5V, 12V, and an adjustable output
version.

Requiring a minimum number of external
components, these regulators are simple to use and
include internal frequency compensation , and a
fixed-frequency oscillator.

The LM2596 series operates at a switching frequency
of 150 kHz thus allowing smaller sized filter
components than what would be needed with lower
frequency switching regulators. Available in a
standard 5-lead TO-220 package with several
different lead bend options, and a 5-lead TO-263
surface mount package.

A standard series of inductors are available from
several different manufacturers optimized for use with
the LM2596 series. This feature greatly simplifies the
design of switch-mode power supplies.

Other features include a ensured +4% tolerance on
output voltage under specified input voltage and
output load conditions, and +15% on the oscillator
frequency. External shutdown is included, featuring
typically 80 pA standby current. Self protection
features include a two stage frequency reducing
current limit for the output switch and an over
temperature shutdown for complete protection under
fault conditions.

(1) t Patent Number 5,382,918.

Typical Application
(Fixed Output Voltage Versions)
Feedback
12V #Viy
Unregulated ) LMszgss :)utput y Regulated
DC Input L 2 Output
Ld BSTY . 3 33 pH Cour  3A Load
680 uF |2 D1 220 uF
ON/OFF GND IN5824 |

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
SIMPLE SWITCHER is a registered trademark of Texas Instruments.

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of
Prod conform

Copyright © 1999-2013, Texas Instruments Incorporated
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Connection Diagrams

Pins 1, 3, and 5
Pins 2 and 4

wew | O
View

o

——T—T—1 5 - ON/OFF

11— 4 - Feed Back
—1—3—21 3 - Ground
2 - Output

—T—T—11 -V

Figure 1. 5-Lead Bent and Staggered Leads,

Through Hole TO-220 (T) Package
See Package Number NDH0005D

View

Top
View

Metal
Tab
GND

d |

DS

—1—1—1 5 - ON/OFF
11 4 - Feed Back
—XI—13 3 - Ground
113 2 - Output

=1 - v,

Figure 2. 5-Lead DDPAK/TO-263 (S) Package
See Package Number KTT0005B

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

M during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings (V@

Maximum Supply Voltage 45v
ON /OFF Pin Input Voltage ~0.3<V < +25V
Feedback Pin Voltage B -0.3sV s+25V
Output Voltage to Ground (Steady State) -1V
Power Dissipation Internally limited
Storage Temperature Range -65°C to +150°C
ESD Susceptibility
Human Body Model @ 2kv
Lead Temperature
DDPAK/TO-263 Package
Vapor Phase (60 sec.) +215°C
Infrared (10 sec.) +245°C
TO-220 Package (Soldering, 10 sec.) +260°C
Maximum Junction Temperature +150°C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is intended to be functional, but do not ensure specific performance limits. For ensured specifications and test
conditions, see the Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and

specifications.
(3) The human body model is a 100 pF capacitor discharged through a 1.5k resistor into each pin.
Operating Conditions
Temperature Range -40°C < T; < +125°C
Supply Voltage 4.5V to 40V
2 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated

Product Folder Links: LM2596
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LM2596-3.3 Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range

LM2596-3.3 Units
Symbol Parameter Conditions T(“) ng’m (Limits)
SYSTEM PARAMETERS  Test Circuit Figure 20
Vour Output Voltage 4.75VsViys40V,0.2A < | gap S 3A 33 \'
3.168/3.135 V(min)
3.432/3.465 V(max)
n Efficiency Vin = 12V, loap = 3A 73 %

(1) Typical numbers are at 25°C and represent the most likely norm.

(2) All limits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control
(SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(3) External components such as the catch diode, inductor, input and output capacitors, and programming resistors can affect
switching regulator system performance. When the LM2596 is used as shown in the Figure 20 test circuit, system performance will be
as shown in system parameters of Electrical Characteristics section.

LM2596-5.0 Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range

LM2596-5.0 Units
Symbol Parameter Conditions W "'('z'}“ (Limits)
SYSTEM PARAMETERS ® Test Circuit Figure 20
Vour Output Voltage TVSViys40V, 0.2A S lioap S 3A 5.0 v
4.800/4.750 V(min)
5.200/5.250 V(max)
n Efficiency Vin =12V, loap = 3A 80 %

(1) Typical numbers are at 25°C and represent the most likely norm.

(2) Al limits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control
(SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(3) External components such as the catch diode, inductor, input and output capacitors, and voltage programming resistors can affect
switching regulator system performance. When the LM2596 is used as shown in the Figure 20 test circuit, system performance will be
as shown in system parameters of Electrical Characteristics section.

LM2596-12 Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range

LM2596-12
Symbol Parameter Conditions TP Limit (t'n':.ﬁ)
@
SYSTEM PARAMETERS  Test Circuit Figure 20
Vour Output Voltage 15V S Viy S 40V, 0.2A < I oap < 3A 12.0 v
11.52/11.40 V(min)
12.48/12.60 V(max)
n Efficiency Vin = 25V, loap = 3A 90 %

(1) Typical numbers are at 25°C and represent the most likely norm.
(2) All limits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control

(SQC) methods. All limits are used to calculate Average
(3) External components such as the catch diode, inductor input and output capacitors, and voltage

Outgoing Quality Level (AOQL).

programming resistors can affect
switching regulator system performance. When the LM2596 is used as shown in the Figure 20 test circuit, system performance will be
as shown in system parameters of Electrical Characteristics section.

Copyright © 1999-2013, Texas Instruments Incorporated

Product Folder Links: LM2596
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LM2596-ADJ Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range

LM2596-ADJ Units
Symbol Parameter Conditions 'rm, u(.;)m (Limits)
SYSTEM PARAMETERS ©) Test Circuit Figure 20
Ves Feedback Voltage 4.5V<sVy<s40V,0.2A< loap S 3A 1.230 v
Vout programmed for 3V. Circuit of Figure 20 1.193/1.180 V(min)
1.267/1.280 V(max)
n Efficiency Vin = 12V, Vout = 3V, lioap = 3A 73 %

(1) Typical numbers are at 25°C and represent the most likely norm.

(2) All limits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control
(SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(3) External components such as the catch diode, inductor, input and output capacitors, and voltage programming resistors can affect
switching regulator system performance. When the LM2596 is used as shown in the Figure 20 test circuit, system performance will be
as shown in system parameters of Electrical Characteristics section.

All Output Voltage Versions Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range. Unless otherwise specified, V,y = 12V for the 3.3V, 5V, and Adjustable version and V,y = 24V for the
12V version. | oap = 500 mA

LM2596-XX ik
Symbol Parameter Conditions 'Ixr Ll(rglt (Ll::llh)
DEVICE PARAMETERS
Iy Feedback Bias Current Adjustable Version Only, Vgg = 1.3V 10 nA
50/100 nA (max)
fo Oscillator Frequency See @ 150 kHz
127110 kHz(min)
1731173 | kHz(max)
Vear Saturation Voltage lout = 3A @) ) 1.16 v
1.411.5 V(max)
DC Max Duty Cycle (ON) See ©) 100 %
Min Duty Cycle (OFF) See © 0
ley Current Limit Peak Current (4)(5) 45 A
3.6/3.4 A(min)
6.9/7.5 A(max)
I Output Leakage Current Output = OV @16 50 pA(max)
Output = -1v 2 mA
30 mA(max)
la Quiescent Current See © 5 mA
10 mA(max)

(1) Typical numbers are at 25°C and represent the mast likely norm.

(2) Al limits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control
(SQC) methods. All limits are used to calculate Average Outgoing Quality Level (AOQL).

(3) The switching frequency is reduced when the second stage current limit is activated.

(4) No diode, inductor or capacitor connected to output pin.

(5) Feedback pin removed from output and connected to 0V to force the output transistor switch ON.

(6) Feedback pin removed from output and connected to 12V for the 3.3V, 5V, and the ADJ. version, and 15V for the 12V version, to force
the output transistor switch OFF.

(7) Vin = 40V.
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All Output Voltage Versions Electrical Characteristics (continued)

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating
Temperature Range. Unless otherwise specified, V| = 12V for the 3.3V, 5V, and Adjustable version and V,y = 24V for the
12V version. ILOAD =500 mA

LM2596-XX
Symbol Parameter Conditions TP Ui (3::";)
Istay Standby Quiescent Current | ON/OFF pin = 5V (OFF) 80 pA
200/250 | pA(max)
8ic Thermal Resistance TO-220 or TO-263 Package, Junction to Case 2 °C/IW
8, TO-220 Package, Junction to Ambient © 50 °C/W
8a TO-263 Package, Junction to Ambient 50 °C/W
8a TO-263 Package, Junction to Ambient (10) 30 °C/IW
8 TO-263 Package, Junction to Ambient (1" 20 °C/W
ON/OFF CONTROL Test Circuit Figure 20
ON /OFF Pin Logic Input 13 v
ViH Threshold Voltage Low (Regulator ON) 0.6 V(max)
Vi High (Regulator OFF) 2.0 V(min)
I ON /OFF Pin Input Current | Vi ogic = 2.5V (Regulator OFF) 5 pA
15 pA(max)
W Vioaic = 0.5V (Regulator ON) 0.02 pA
5 pA(max)

(8) Junction to ambient thermal resistance (no external heat sink) for the TO-220 package mounted vertically, with the leads soldered to a
printed circuit board with (1 0z.) copper area of approximately 1 in?.
(9) Junction to ambient thermal resistance with the TO-263 package tab soldered to a single printed circuit board with 0.5 in? of (1 oz.)

copper area.

(10) Junction to ambient thermal resistance with the TO-263 package tab soldered to a single sided printed circuit board with 2.5in? of (1
02z.) copper area.

(11) Junction to ambient thermal resistance with the TO-263 package tab soldered to a double sided printed circuit board with 3 in® of (1 oz.)
copper area on the LM2596S side of the board, and approximately 16 in? of copper on the other side of the p-c board. See Application
Information in this data sheet and the thermal model in Switchers Made Simple™ version 4.3 software.

Copyright © 1999-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
Product Folder Links: LM2596



LM2596

SNVS124C -NOVEMBER 1999-REVISED APRIL 2013

INSTRUMENTS

Typical Performance Characteristics
(Circuit of Figure 20)

Normalized
5 Output Volitage i Line Regulation
i ; e
= Vi = 20V — [ Vour = 5V
X 10 Loap = 3A ® " loap = 100mA
w Normalized at w02 T, = 25°C
2 T, = 259C 2
= 05 =
= = 01
(5] (& ]
] o Lt ]
2 0= 2T
| - _0 ‘
= -0.5 = )
2 5 -02
5 -0 5
=} o -03
-1.5 -0.4
-50 -25 0 25 50 75 100 125 0 5 10 15 20 25 30 35 40
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V)
Figure 3. Figure 4,
Switch Saturation
Efficiency Voltage
95 = — 1.4
3A Load 20v Yin & 12V
90 ' !
-7 S
12v g ¥
® 8 2 A /
= - [+]
> 5 3 Ty = -40°C] DA
Z 80 (2 2 10 /, v
. 4 2 o Pa
w75 i =
-
3.3V — 087} 259C -
70 a ,]tzsf*c
0.7 7
65 0.6
0 5 10 15 20 25 30 35 40 0 1 2 3 4
INPUT VOLTAGE (V) SWITCH CURRENT (A)
Figure 5. Figure 6.
i Switch Current Limit G Dropout Voltage
) Vg = 12V =¥ [ U= 33 un
: VOUT = 5y — R‘ND = 0.040
S 5o I 14 Vour = Vgeg —50mV
= g = | |
E & }
-l o T
- - E 1.2 loap = 3A
i 45 =
o [
> 2 1.0 ==
Q o.
5 5 I-\-..__
2 40 = lLoap = 1A [~
= § 0.8 —
=
35 0.6
=50 =25 0 25 S50 75 100 125 =50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
Figure 7. Figure 8.
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Typical Performance Characteristics (continued)

(Circuit of Figure 20)
Operating Shutdown
% Quiescent Current 120 Quiescent Current
4.5V <V < 40V Von/orr = SV
20 lswitcn = 0 100 4 = 950 L—
= \.\ T, = 25°C o
£ \ |t
E — _ T
16 < 80 _iﬁ__r—-
'5 Switch ON = F_.— |
- T, = -40°C AND 125°C
& 12 = 60 J ]
o g
(- 4
;‘ 8 3 40
& Switch OFF
v
4 20
0 0
-50 -25 0 25 50 75 100 125 0 10 20 30 40
JUNCTION TEMPERATURE (°C) SUPPLY YOLTAGE (V)
Figure 9. Figure 10.
Minimum Operating ON /OFF Threshold
Supply Voitage 4 Voltage
A = /i
= ot ) 7 OFF
w S — 3 *
< 3 =] A‘. 1
3 g \\
< a ‘ L e
3 o
2 o ON
'l Vouy = 1.23V )
out .
loap = 120mA
0 e 0
=50 =25 0 25 50 75 100 125 =50 =25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
Figure 11. Figure 12.
ON /OFF Pin
i Current (Sinking) - Switching Frequency
3 l | Viy = 40V |
-40°C < T, < 125°C 155
6 _—
—~~ N
g s £ 150 / ——
! e S 145
& &
£ . 2
= w
o w140
z L
1 135
0 130
0 5 10 15 20 25 =50 -25 0 25 50 75 100 125
(-)i/OFF PIN VOLTAGE (V) JUNCTION TEMPERATURE (°C)
Figure 13. Figure 14.
Copyright © 1999-2013, Texas Instruments Incorporated Submit Documentation Feedback 7

Product Folder Links: LM2596



LM2596 INSTRUMENTS
SNVS124C —~NOVEMBER 1999-REVISED APRIL 2013 www.ti.com

Typical Performance Characteristics (continued)

(Circuit of Figure 20)
Continuous Mode Switching Waveforms

Feedback Pin Vi = 20V, Vour = 5V, loap = 2A
. Bias Current L =32, Cour = 220 uF, Cour ESR = 50 mQ
1
3 s A\
— / \
3 sol=
§ ADJUSTABLE VERSION ONLY
on 25
=
om
5 0
-C
a2
o =25
[
=5.0

-50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C) A: Output Pin Voitage, 10V/div.
B: Inductor Current 1A/div.
C: Output Rippl?: l\loltage. 50 mV/div.
g

Figure 15. ure 16. Horizontal Time Base: 2 ps/div.
Discontinuous Mode Switching Waveforms Load Transient Response for Continuous Mode
Vin = 20V, Vour = 5V, L oap = 500 mA Vin = 20V, Voyur = 5V, | = 500 mA to 2A
L = 10'4H, Cour = 330 pF, L =32 uH, Cour = 220 uF, oyt ESR = 50 mQ

ESR =45 mQ

20V -
100 mV
Ay oV A{ AC/
ov div.
1A
B{ 0.5A 5
0A B {
100 mV 1
c AC/ 0A
div.

A: Output Voitage, 100 mV/div. (AC)

A: Output Pin Voltage, 10V/div. B: 500 mA 1o 2A Load Pulse

B: Inductor Current 0.5A/div.

C: Output Ripple Voltage, 100 mV/div.
Figure 17. Horizontal Time Base: 2 ps/div. Figure 18. Horizontal Time Base: 100 ps/div.

Load Transient Response for Discontinuous Mode
Vin = 20V, Vour = 5V, I oap = 500 mA to 2A
L =10 uH, Cour = 330 uF, Cour ESR = 45 mQ
100 mV
A AC/
div.

A: Output Voltage, 100 mV/div. (AC)

B: 500 mA to 2A Load Pulse
Figure 19. Horizontal Time Base: 200 ps/div.
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Test Circuit and Layout Guidelines

Fixed Output Voltage Versions

KEEP FEEDBACK WIRING AWAY
4 | FEEDBACK =" FROM INDUCTOR FLUX

Y| Lm2596 |ourpur REGULATED OUTPUT
FIXED OUTPUT

1 2
St I q.. l F/

HEAVY LINES MUST BE KEPT SHORT AND USE LOW ESR
GROUND PLANE CONSTRUCTION FOR BEST RESULTS 1 SHORT LEADS

+

"
L]
1
]
]
]
[ +
]
]
]
]
]
I
'

OPTIONAL POST RIPPLE FILTER

Cin —470 yF, 50V, Aluminum Electrolytic Nichicon “PL Series”
Cour —220 pF, 25V Aluminum Electrolytic, Nichicon “PL Series”
D1 —b5A, 40V Schottky Rectifier, 1IN5825

L1 —68 pH, L38

Adjustable Output Voltage Versions
G
LOCATE THE PROGRAMMING RESISTORS NEAR
I THE FEEDBACK PIN USING SHORT LEADS
R1 R2
AAA A'AA -
| = KEEP FEEDBACK WIRING AWAY
ko | reeosack <—"FROM INDUCTOR FLUX
*Yw| LM2596 |outpur REGULATED OUTPUT
p-
f ADJUSTABLE
1 2
UNREGULATED -
o o o om0 5lcm/orr

HEAVY LINES MUST BE KEPT SHORT AND USE
GROUND PLANE CONSTRUCTION FOR BEST RESULTS

Vour = VRer (I + —:f-)

where Vger = 1.23V

e (2

Select Ry to be approximately 1 kQ, use a 1% resistor for best stability.
Cpn —470 pF, 50V, Aluminum Electrolytic Nichicon “PL Series”

Cour —220 pF, 35V Aluminum Electrolytic, Nichicon “PL Series”

D1 —b5A, 40V Schottky Rectifier, 1IN5825

L1 —68 uH, L38

R1 —1kQ, 1%
Cer  —See Application Information Section

Figure 20. Standard Test Circuits and Layout Guides

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring
inductance can generate voltage transients which can cause problems. For minimal inductance and ground
loops, the wires indicated by heavy lines should be wide printed circuit traces and should be kept as short
as possible. For best results, external components should be located as close to the switcher IC as possible

using ground plane construction or single point grounding.

If open core inductors are used, special care must be taken as to the location and positioning of this type of
inductor. Allowing the inductor flux to intersect sensitive feedback, IC groundpath and Cqyr wiring can cause

problems.

When using the adjustable version, special care must be taken as to the location of the feedback resistors and
the associated wiring. Physically locate both resistors near the IC, and route the wiring away from the inductor,

especially an open core type of inductor. (See Application Information section for more information.)
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LM2596 Series Buck Regulator Design Procedure (Fixed Output)
PROCEDURE (Fixed Output Voltage Version) EXAMPLE (Fixed Output Voltage Version)
Given: Given:
= Regulated Output Voltage (3.3V, 5V or 12V) Vour = 5V
Vin(max) = Maximum DC Input Voltage Vin(max) = 12V
I oap(max) = Maximum Load Current I oap(max) = 3A

1. Inductor Selection (L1)

A. Select the correct inductor value selection guide from Figures
Figure 21, Figure 22, or Figure 23. (Output voltages of 3.3V, 5V, or
12V respectively.) For all other voltages, see the Design Procedure
for the adjustable version.

B. From the inductor value selection guide, identify the inductance
region intersected by the Maximum Input Voltage line and the
Maximum Load Current line. Each region is identified by an
inductance value and an inductor code (LXX).

C. Select an appropriate inductor from the four manufacturer's part
numbers listed in Table 3.

1. Inductor Selection (L1)

A. Use the inductor selection guide for the 5V version shown in
Figure 22.

B. From the inductor value selection guide shown in Figure 22, the
inductance region intersected by the 12V horizontal line and the 3A
vertical line is 33 pH, and the inductor code is L40.

C. The inductance value required is 33 pH. From the table in
Table 3, go to the L40 line and choose an inductor part number from
any of the four manufacturers shown. (In most instance, both
through hole and surface mount inductors are available.)

2. Output Capacitor Selection (Coyr)

A. In the majority of applications, low ESR (Equivalent Series
Resistance) electrolytic capacitors between 82 pF and 820 pF and
low ESR solid tantalum capacitors between 10 pF and 470 pF
provide the best results. This capacitor should be located close to
the IC using short capacitor leads and short copper traces. Do not
use capacitors larger than 820 pF .

For additional information, see section on output capacitors in
Application Information section.

B. To simplify the capacitor selection procedure, refer to the quick
design component selection table shown in Table 1. This table
contains different input voltages, output voltages, and load currents,
and lists various inductors and output capacitors that will provide the
best design solutions.

C. The capacitor voltage rating for electrolytic capacitors should be
at least 1.5 times greater than the output voltage, and often much
higher voltage ratings are needed to satisfy the low ESR
requirements for low output ripple voltage.

D. For computer aided design software, see Switchers Made
Simple™ version 4.3 or later.

2. Output Capacitor Selection (Coyr)
A. See section on output capacitors in Application Information
section.

B. From the quick design component selection table shown in
Table 1, locate the 5V output voltage section. In the load current
column, choose the load current line that is closest to the current
needed in your application, for this example, use the 3A line. In the
maximum input voltage column, select the line that covers the input
voltage needed in your application, in this example, use the 15V line.
Continuing on this line are recommended inductors and capacitors
that will provide the best overall performance.

The capacitor list contains both through hole electrolytic and surface
mount tantalum capacitors from four different capacitor
manufacturers. It is recommended that both the manufacturers and
the manufacturer's series that are listed in the table be used.

In this example aluminum electrolytic capacitors from several
different manufacturers are available with the range of ESR numbers
needed.

330 yF 35V Panasonic HFQ Series
330 yF 35V Nichicon PL Series

C. For a 5V output, a capacitor voltage rating at least 7.5V or more
is needed. But even a low ESR, switching grade, 220 pF 10V
aluminum electrolytic capacitor would exhibit approximately 225 mQ
of ESR (see the curve in Figure 26 for the ESR vs voltage rating).
This amount of ESR would result in relatively high output ripple
voltage. To reduce the ripple to 1% of the output voltage, or less, a
capacitor with a higher value or with a higher voltage rating (lower
ESR) should be selected. A 16V or 25V capacitor will reduce the

ripple voltage by approximately haif.
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PROCEDURE (Fixed Output Voltage Version)

EXAMPLE (Fixed Output Voltage Version)

3. Catch Diode Selection (D1)

A. The catch diode current rating must be at least 1.3 times greater
than the maximum load current. Also, if the power supply design
must withstand a continuous output short, the diode should have a
current rating equal to the maximum current limit of the LM2596. The
most stressful condition for this diode is an overload or shorted
output condition.

B. The reverse voltage rating of the diode should be at least 1.25
times the maximum input voltage.

C. This diode must be fast (short reverse recovery time) and must be
located close to the LM2596 using short leads and short printed
circuit traces. Because of their fast switching speed and low forward
voltage drop, Schottky diodes provide the best performance and
efficiency, and should be the first choice, especially in low output
voltage applications. Ultra-fast recovery, or High-Efficiency rectifiers
also provide good results. Ultra-fast recovery diodes typically have
reverse recovery times of 50 ns or less. Rectifiers such as the
1N5400 series are much too slow and should not be used.

3. Catch Diode Selection (D1)

A. Refer to the table shown in Table 6. In this example, a 5A, 20V,

1N5823 Schottky diode will provide the best performance, and will
not be overstressed even for a shorted output.

4. Input Capacitor (Cyy)

A low ESR aluminum or tantalum bypass capacitor is needed
between the input pin and ground pin to prevent large voltage
transients from appearing at the input. This capacitor should be
located close to the IC using short leads. In addition, the RMS
current rating of the input capacitor should be selected to be at least
¥ the DC load current. The capacitor manufacturers data sheet must
be checked to assure that this current rating is not exceeded. The
curve shown in Figure 25 shows typical RMS current ratings for
several different aluminum electrolytic capacitor values.

For an aluminum electrolytic, the capacitor voltage rating should be

1.5 times the maximum input voitage. Caution must
be exercised if solid tantalum capacitors are used (see Application
Information on input capacitor). The tantalum capacitor voltage rating
should be 2 times the maximum input voltage and it is recommended
that they be surge current tested by the manufacturer.

Use caution when using ceramic capacitors for input bypassing,
because it may cause severe ringing at the Vyy pin.

For additional information, see section on Input capacitors in
Application Information section.

4. Input Capacitor (Cyy)

The important parameters for the Input capacitor are the input
voltage rating and the RMS current rating. With a nominal input
voltage of 12V, an aluminum electrolytic capacitor with a voltage
rating greater than 18V (1.5 x V)y) would be needed. The next
higher capacitor voltage rating is 25V.

The RMS current rating requirement for the input capacitor in a buck
regulator is approximately % the DC load current. In this example,
with a 3A load, a capacitor with a RMS current rating of at least 1.5A
is needed. The curves shown in Figure 25 can be used to select an
appropriate input capacitor. From the curves, locate the 35V line and
note which capacitor values have RMS current ratings greater than
1.5A. A 680 pF/35V capacitor could be used.

For a through hole design, a 680 WF/35V electrolytic capacitor
(Panasonic HFQ series or Nichicon PL series or equivalent) would
be adequate. other types or other manufacturers capacitors can be
used provided the RMS ripple current ratings are adequate.

For surface mount designs, solid tantalum capacitors can be used,
but caution must be exercised with regard to the capacitor surge
current rating (see Application Information on input capacitors in this
data sheet). The TPS series available from AVX, and the 593D
series from Sprague are both surge current tested.

Table 1. LM2596 Fixed Voitage Quick Design Component Selection Table

Conditions Inductor Output Capacitor
Through Hole Electrolytic Surface Mount Tantalum
e | oo | M | o | o | i | Meblnn " AVCTS [ senue
v) (A) v) (H) ® (BFN) (FIV) (WFV) (WFNV)
3.3 3 5 22| L41 470/25 560/16 330/6.3 390/6.3
7 22| L41 560/35 560/35 330/6.3 390/6.3
10 22 | L41 680/35 680/35 330/6.3 390/6.3
40 33| L40 560/35 470/35 330/6.3 390/6.3
6 22 (L33 470/25 470/35 330/6.3 390/6.3
2 10 33|L32 330/35 330/35 330/8.3 390/6.3
40 47 | L39 330/35 270/50 220/10 330/10
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Table 1. LM2596 Fixed Voltage Quick Design Component Selection Table (continued)

Conditions Inductor Output Capacitor
Through Hole Electrolytic Surface Mount Tantalum
Output Load Max Input Panasonic Nichicon AVX TPS Sprague
Voltage | Current | Voltage "‘"m"“ '""(';)"""’ HFQ Serles PL Series Serles | 595D Series
V) (A) v) (HFIV) (WFNV) (HFV) (WFV)
5 3 8 22| L41 470/25 560/16 220/10 330/10
10 22| L41 560/25 560/25 220/10 330/10
15 33|L40 330/35 330/35 220/10 330/10
40 47 | L39 330/35 270/35 220/10 330/10
9 22|L33 470/25 560/16 220/10 330/10
2 20 68 | L38 180/35 180/35 100/10 270/10
40 68 | L38 180/35 180/35 100/10 270/10
12 3 15 22 (L4 470/25 470/25 100/16 180/16
18 33| L40 330/25 330/25 100/16 180/16
30 68| L44 180/25 180/25 100/16 120/20
40 68| L44 180/35 180/35 100/16 120/20
15 33|L32 330/25 330/25 100/16 180/16
2 20 68 |L38 180/25 180/25 100/16 120/20
40 150 | L42 82/25 82/25 68/20 68/25

LM2596 Series Buck Regulator Design Procedure (Adjustable Output)

PROCEDURE (Adjustable Output Voltage Version)

EXAMPLE (Adjustable Output Voltage Version)

Given:

Vour = Regulated Output Voltage

Vin(max) = Maximum Input Voltage

I_oap(max) = Maximum Load Current

F = Switching Frequency (Fixed at a nominal 150 kHz).

Given:

VOUT =20V

Vin(max) = 28V

lLonp(max) = 3A

F = Switching Frequency (Fixed at a nominal 150 kHz).

1. Programming Output Voltage (Selecting Ry and Rz, as shown in
Figure 20 )

Use the following formula to select the appropriate resistor values.

Vour = VREF(‘ + ﬂa-) where VRer = 1.23V

™ (1)
Select a value for Ry between 2400 and 1.5 kQ. The lower resistor
values minimize noise pickup in the sensitive feedback pin. (For the
lowest temperature coefficient and the best stability with time, use
1% metal film resistors.)

Rg = Ry ("7-:;-1)

)

1. Programming Output Voltage (Selecting Ry and Ry, as shown in
Figure 20 )

Select R4 to be 1 kQ, 1%. Solve for R;.

re = Ay (Y- 1) - (50 1)

R, = 1k (16.26 - 1) = 15.26k, closest 1% value is 15.4 kQ.
Rz = 15.4 kQ.

(©)

12 Submit Documentation Feedback

Copyright © 1999-2013, Texas Instruments Incorporated

Product Folder Links: LM2596



Texas
INSTRUMENTS

LM2596

SNVS124C —-NOVEMBER 1999-REVISED APRIL 2013

PROCEDURE (Adjustable Output Voltage Version)

EXAMPLE (Adjustable Output Voltage Version)

2. Inductor Selection (L1)

A. Calculate the inductor Volt « microsecond constant E = T (V * us),
from the following formula:

Vour + Vo 1000

EeT= (VN‘VOUT‘VBAT)'VM_VMT+VD‘15°%~'N)
where
«  Vgar = internal switch saturation voltage =

1.16V

+ Vp = diode forward voltage drop = 0.5V (4)

B. Use the E « T value from the previous formula and match it with
the E « T number on the vertical axis of the Inductor Value Selection
Guide shown in Figure 24,

C. on the horizontal axis, select the maximum load current.

D. Identify the inductance region intersected by the E « T value and
the Maximum Load Current value. Each region is identified by an
inductance value and an inductor code (LXX).

E. Select an appropriate inductor from the four manufacturer's part
numbers listed in Table 3.

2. Inductor Selection (L1)
A. Calculate the inductor Volt » microsecond constant
(E-T)

20+0.5
28—1.16+05

*6.67 (Ve pus) = 342(Veps)

e 10900 e)

EeT=(28—20-1.16)® =

20.5
27.34
B.E*T=342(V-pus)
C. I pap(max) = 3A

D. From the inductor value selection guide shown in Figure 24, the
inductance region intersected by the 34 (V « ps) horizontal line and
the 3A vertical line is 47 pH, and the inductor code is L39.

E. From the table in Table 3, locate line L39, and select an inductor
part number from the list of manufacturers part numbers.

EeT = (6.84)®

(©)

3. Output Capacitor Selection (Coyr)

A. In the majority of applications, low ESR electrolytic or solid
tantalum capacitors between 82 pF and 820 pF provide the best
results. This capacitor should be located close to the IC using short
capacitor leads and short copper traces. Do not use capacitors
larger than 820 pF. For additional information, see section on
output capacitors in Application Information section.

B. To simplify the capacitor selection procedure, refer to the quick
design table shown in Table 2. This table contains different output
voltages, and lists various output capacitors that will provide the best
design solutions.

C. The capacitor voltage rating should be at least 1.5 times greater

than the output voltage, and often much higher voltage ratings are
needed to satisfy the low ESR requirements needed for low output

ripple voltage.

3. Output Capacitor Selection (Coyr)
A. See section on Coyr in Application Information section.

B. From the quick design table shown in Table 2, locate the output
voltage column. From that column, locate the output voltage closest
to the output voltage in your application. In this example, select the
24V line. Under the OUTPUT CAPACITOR section, select a
capacitor from the list of through hole electrolytic or surface mount
tantalum types from four different capacitor manufacturers. It is
recommended that both the manufacturers and the manufacturers
series that are listed in the table be used.

In this example, through hole aluminum electrolytic capacitors from
several different manufacturers are available.

220 uF/35V Panasonic HFQ Series

150 yF/35V Nichicon PL Series
C. For a 20V output, a capacitor rating of at least 30V or more is
needed. In this example, either a 35V or 50V capacitor would work.
A 35V rating was chosen, although a 50V rating could also be used
if a lower output ripple voltage is needed.
Other manufacturers or other types of capacitors may also be used,
provided the capacitor specifications (especially the 100 kHz ESR)

closely match the types listed in the table. Refer to the capacitor
manufacturers data sheet for this information.

4, Feedforward Capacitor (Cgg) (See Figure 20)

For output voltages greater than approximately 10V, an additional
capacitor is required. The compensation capacitor is typically
between 100 pF and 33 nF, and is wired in parallel with the output
voltage setting resistor, R,. It provides additional stability for high
output voltages, low input-output voltages, and/or very low ESR
output capacitors, such as solid tantalum capacitors.
1

Crr 31 x 103 X Ry (6)
This capacitor type can be ceramic, plastic, silver mica, etc.
(Because of the unstable characteristics of ceramic capacitors made
with Z5U material, they are not recommended.)

4. Feedforward Capacitor (Cgr)
The table shown in Table 2 contains feed forward capacitor values

for various output voltages. In this example, a 560 pF capacitor is
needed.
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PROCEDURE (Adjustable Output Voltage Version)

EXAMPLE (Adjustable Output Voltage Version)

5. Catch Diode Selection (D1)

A. The catch diode current rating must be at least 1.3 times greater
than the maximum load current. Also, if the power supply design
must withstand a continuous output short, the diode should have a
current rating equal to the maximum current limit of the LM2596. The
most stressful condition for this diode is an overload or shorted
output condition.

B. The reverse voltage rating of the diode should be at least 1.25
times the maximum input voltage.

C. This diode must be fast (short reverse recovery time) and must be
located close to the LM2596 using short leads and short printed
circuit traces. Because of their fast switching speed and low forward
voltage drop, Schottky diodes provide the best performance and
efficiency, and should be the first choice, especially in low output
voltage applications. Ultra-fast recovery, or High-Efficiency rectifiers
are also a good choice, but some types with an abrupt tum-off
characteristic may cause instability or EMI problems. Ultra-fast
recovery diodes typically have reverse recovery times of 50 ns or
less. Rectifiers such as the 1N4001 series are much too slow and
should not be used.

5. Catch Diode Selection (D1)

A. Refer to the table shown in Table 6. Schottky diodes provide the
best performance, and in this example a 5A, 40V, 1N5825 Schottky
diode would be a good choice. The 5A diode rating is more than
adequate and will not be overstressed even for a shorted output.

6. Input Capacitor (Cyy)

A low ESR aluminum or tantalum bypass capacitor is needed
between the input pin and ground to prevent large voltage transients
from appearing at the input. In addition, the RMS current rating of
the input capacitor should be selected to be at least % the DC load
current. The capacitor manufacturers data sheet must be checked to
assure that this current rating is not exceeded. The curve shown in
Figure 25 shows typical RMS current ratings for several different
aluminum electrolytic capacitor values.

This capacitor should be located close to the IC using short leads
and the voltage rating should be approximately 1.5 times the
maximum input voltage.

If solid tantalum input capacitors are used, it is recomended that they
be surge current tested by the manufacturer.

Use caution when using a high dielectric constant ceramic capacitor
for input bypassing, because it may cause severe ringing at the Vjy
pin.

For additional information, see section on input capacitors Iin
Application Information section.

6. Input Capacitor (Cyy)

The Important parameters for the Input capacitor are the input

rating and the RMS current rating. With a nominal input
voltage of 28V, an aluminum electrolytic aluminum electrolytic
capacitor with a voltage rating greater than 42V (1.5 x V) would be
needed. Since the the next higher capacitor voltage rating is 50V, a
50V capacitor should be used. The capacitor voltage rating of (1.5 x
Vin) is a conservative guideline, and can be modified somewhat if
desired.

The RMS current rating requirement for the input capacitor of a buck
regulator is approximately % the DC load current. In this example,
with a 3A load, a capacitor with a RMS current rating of at least 1.5A
is needed.

The curves shown in Figure 25 can be used to select an appropriate
input capacitor. From the curves, locate the 50V line and note which
capacitor values have RMS current ratings greater than 1.5A. Either
a 470 WF or 680 pF, 50V capacitor could be used.

For a through hole design, a 680 pF/50V electrolytic capacitor
(Panasonic HFQ series or Nichicon PL series or equivalent) would
be adequate. Other types or other manufacturers capacitors can be
used provided the RMS ripple current ratings are adequate.

For surface mount designs, solid tantalum capacitors can be used,
but caution must be exercised with regard to the capacitor surge
current rting (see Application Information or input capacitors in this
data sheet). The TPS series available from AVX, and the 583D
series from Sprague are both surge current tested.

To further simplify the buck regulator design procedure, Texas
Instruments is making available computer design software to be
usedmﬂrMeSimpleSwﬂcher!lneotswﬂchingmgwam

Switchers Made Simple (version 4.3 or later) is available on a 34"
diskette for IBM compatible computers.

LM2596 Series Buck Regulator Design Procedure (Adjustable Output)
Table 2. Output Capacitor and Feedforward Capacitor Selection Table

Output Through Hole Output Capacitor Surface Mount Output Capacitor
Voltage
) Panasonic Nichicon PL Feedt i AVX TPS Sprague Feodiorwasd
HFQ Series Series Capacitor Serles 595D Series Capacitor
(uFIV) (UFIV) (uFIV) (uFN)
2 820/35 820/35 33nF 330/6.3 470/4 33 nF
4 560/35 470/35 10 nF 330/6.3 390/6.3 10 nF
6 470/25 470/25 3.3nF 220/10 330/10 3.3nF
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Table 2. Output Capacitor and Feedforward Capacitor Selection Table (continued)

Output Through Hole Output Capacitor Surface Mount Qutput Capacitor

Voltage Panasonic Nichicon PL AVX TPS Sprague
\Y HFQ Series Serles Fm Series 595D Serles me

(uFIV) (WFIV) (uFIV) (WFIV)
9 330/25 330/25 1.5nF 100/16 180/16 1.5nF

12 330/25 330/25 1nF 100/16 180/16 1nF
15 220/35 220/35 680 pF 68/20 120/20 680 pF
24 220/35 150/35 560 pF 33/25 33/25 220 pF
28 100/50 100/50 390 pF 10/35 15/50 220 pF

LM2596 Series Buck Regulator Design Procedure
INDUCTOR VALUE SELECTION GUIDES

(For Continuous Mode Operation)
40V 40V T —
L29 L30, L39 i
20V R L3t ]f L40 - v " N L8 7 4
= 15V K6 = < L30 L39
Y 'k 'f A v / L41 = v S AN A
W10V 0 L32 37 Y )@\3‘\ L31 L40
< e O 5 HRW
2 8v L22 s L33 a 1 \,\\ Cis
=] A \\2~1 5 tov|L21 A L32
= v A 9 5 =)oN
z ol v L34 z Lj/ ’\ Zo A 133
3 /, L24 3 8y t ) L34
- L1441 z L23 0y
E: L15 3 o W
= 1 L25 . 44 o N2
sy L dIL18 , 7v L
0.6 0.8 1.0 pes\_| | 2k 22505 0.6 0.8 1.0 5 | 2 253
MAXIMUM LOAD CURRENT (A) MAXIMUM LOAD CURRENT (A)
Figure 21. LM2596-3.3 Figure 22. LM2596-5.0
40V - 70 -
sov [--27 L36 1’ or o0 P e an BF
= 2sv 50 N2 T\ L37 g
¢ a0v ;2 SO 29 |4 L3814
<C +
M R = o 2\ L30 ] 139
> .« 20 68 1, L31 L40
= 17V a \ )
T Z 15 ‘E'l (Y9 L32 L41
Z 16V = L22 ) 1% Pt L33
3 w9 (Y .
3 15V : L23 e = L34
= f i
< 7
: 4O = s
14V | T il -1 [
0.6 0.8 1.0 1.5 2 253 0.6 0.8 1.0 1.5 2 25 3
MAXIMUM LOAD CURRENT (A) MAXIMUM LOAD CURRENT (A)
Figure 23. LM2596-12 Figure 24. LM2596-ADJ
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Table 3. Inductor Manufacturers Part Numbers
Inductance | Current Schott Renco Pulse Engineering Coilcraft
(uH) A | Through | Surface Through Surface | Through | Surface Surface
Hole Mount Hole Mount Hole Mount Mount
L15 22| 0.99 67148350 | 67148460 |RL-1284-22-43 |RL1500-22 |PE-53815 PE-53815-S | DO3308-223
L21 68| 0.99 67144070 |67144450 |RL-5471-5 RL1500-68 |PE-53821 PE-53821-S | DO3316-683
L22 47| 1.17 | 67144080 |67144460 |RL-5471-6 — PE-53822 |PE-53822-S |DO3316-473
L23 33| 1.40 67144090 | 67144470 |RL-5471-7 - PE-53823 PE-53823-S | DO3316-333
L24 22| 170 67148370 | 67148480 | RL-1283-22-43 — PE-53824 PE-53825-S | DO3316-223
L25 15| 210 67148380 | 67148490 |RL-1283-15-43 e PE-53825 PE-53824-S | DO3316-153
L26 330| 0.80 | 67144100 |67144480 |RL-5471-1 — PE-53826 |PE-53826-S | DOS5022P-334
L27 220 1.00 67144110 | 67144490 |RL-5471-2 — PE-53827 PE-53827-S DO5022P-224
L28 150| 1.20 67144120 |67144500 |RL-5471-3 — PE-53828 PE-53828-S DO5022P-154
L29 100( 1.47 67144130 | 67144510 | RL-5471-4 — PE-53829 PE-53829-S DO5022P-104
L30 68| 1.78 67144140 |67144520 | RL-5471-5 — PE-53830 PE-53830-S DO5022P-683
L31 47| 220 | 67144150 |67144530 |RL-5471-6 — PE-53831 | PE-53831-S | DOS5022P-473
L32 33| 250 | 67144160 |67144540 |RL-5471-7 — PE-53932 | PE-53932-S | DO5022P-333
L33 22| 3.10 67148390 |67148500 | RL-1283-22-43 — PE-53933 | PE-53933-S | DO5022P-223
L34 15| 3.40 67148400 |67148790 | RL-1283-1543 — PE-53934 | PE-53934-S | DO5022P-153
L35 220 1.70 67144170 — RL-5473-1 —- PE-53935 PE-53935-S —
L36 150| 2.10 | 67144180 —_ RL-5473-4 — PE-54036 | PE-54036-S —
L37 100| 2.50 67144190 - RL-5472-1 - PE-54037 | PE-54037-S —
L38 68| 3.10 | 67144200 — RL-5472-2 — PE-54038 | PE-54038-S —_
L39 47| 3.50 67144210 — RL-5472-3 — PE-54039 | PE-54039-S -
L40 33| 3.50 | 67144220 |67148290 |RL-5472-4 — PE-54040 | PE-54040-S —
L41 22| 3.50 67144230 | 67148300 |RL-5472-5 — PE-54041 | PE-54041-S —_
L42 150| 2.70 67148410 —_ RL-5473-4 - PE-54042 | PE-54042-S -
L43 100| 3.40 67144240 —_ RL-5473-2 — PE-54043 —_
L44 68| 3.40 67144250 - RL-5473-3 — PE-54044 —_
Table 4. iInductor Manufacturers Phone Numbers
Collcraft Inc. Phone (800) 322-2645
FAX (708) 639-1469
Collcraft Inc., Europe Phone +11 1236 730 595
FAX +44 1236 730 627
Pulse Engineering Inc. Phone (619) 674-8100
FAX (619) 674-8262
Pulse Engineering Inc., Europe Phone +353 93 24 107
FAX +353 93 24 459
Renco Electronics Inc. Phone (800) 645-5828
FAX (516) 586-5562
Schott Corp. Phone (612) 475-1173
FAX (612) 475-1786
Table 5. Capacitor Manufacturers Phone Numbers
Nichicon Corp. Phone (708) 843-7500
FAX (708) 843-2798
Panasonic Phone (714) 373-7857
FAX (714) 373-7102
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Table 5. Capacitor Manufacturers Phone Numbers (continued)
AVX Corp. Phone (803) 448-9411
FAX (803) 448-1943
Sprague/Vishay Phone (207) 324-4140
FAX (207) 324-7223
Table 6. Diode Selection Table
VR 3A Diodes 4A-6A Diodes
Surface Mount Through Hole Surface Mount Through Hole
Schottky Ultra Fast Schottky Ultra Fast Schottky Ultra Fast Schottky Ultra Fast
Recovery Recovery Recovery Recovery
20V All of 1N5820 All of All of SR502 All of
these : these these these
SK32 diod SR302 diod Mocth 1N5823 dodes
are MBR320 are are SB520 are
WQo rated to rated to rated to rated to
L - at least L A, at least at least at least
SK33 50V. MBR330 50V. 50WQ03 50V. SR503 50V.
31DQ03 1N5824
1N5822 SB530
40V | SK34 SR304 50WQo04 _| SR504
MBRS340 MBR340 1N5825
30wQo4 MURS320 31DQ04 MUR320 MURS620 SB540 MUR620
50V |SK35 30WF10 SR305 50WF10 HER601
or | MBRS360 MBR350 50WQ05 SB550
More | 30WQO05 31DQO05 50SQ080
Block Diagram
ON/OFF
220 mV 200 mV
Sl & L Y.
€17 i
oo L assv || 2 B g
EAS REFERENCE REGULATOR {
! | _]
FEEDBACK [ |
LATCH DRIVER
cnp:cc::;;: . | swirr | RESET
v 4 150 kH THERMAL QUTPUT
3.3V, R2 = 4.2k 0sC. LiNiT
5V, R2 = 7.6k
12V, R2 = 21.8k
ADJ, R2 = 00 o 10

R1 = OPEN
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APPLICATION INFORMATION
Table 7. PIN DESCRIPTIONS

Name Description
This is the positive input supply for the IC switching regulator. A suitable input bypass
+Vin capacitor must be present at this pin to minimize voltage transients and to supply the
switching currents needed by the regulator.
Ground Circuit ground.
Internal switch. The voltage at this pin switches between (+V)y — Vgat) and approximately
Output ~0.5V, with a duty cycle of approximately Voyt/Vin. To minimize coupling to sensitive
circuitry, the PC board copper area connected to this pin should be kept to a minimum.
Feedback Senses the regulated output voitage to complete the feedback loop.
Allows the switching regulator circuit to be shut down using logic level signals thus dropping
the total input supply current to approximately 80 pA. Pulling this pin below a threshold
ON JOFF voltage of approximately 1.3V tumns the regulator on, and pulling this pin above 1.3V (u%__to a
maximum of 25V) shuts the regulator down. If this shutdown feature is not needed, the ON
JOFF pin can be wired to the ground pin or it can be left open, in either case the regulator will
be in the ON condition.
EXTERNAL COMPONENTS
INPUT CAPACITOR

Cin — A low ESR aluminum or tantalum bypass capacitor is needed between the input pin and ground pin. It
must be located near the regulator using short leads. This capacitor prevents large voltage transients from
appearing at the input, and provides the instantaneous current needed each time the switch tums on.

The important parameters for the Input capacitor are the voltage rating and the RMS current rating. Because of
the relatively high RMS currents flowing in a buck regulator's input capacitor, this capacitor should be chosen for
its RMS current rating rather than its capacitance or voltage ratings, although the capacitance value and voltage
rating are directly related to the RMS current rating.

The RMS current rating of a capacitor could be viewed as a capacitor's power rating. The RMS current flowing
through the capacitors internal ESR produces power which causes the intemal temperature of the capacitor to
rise. The RMS current rating of a capacitor is determined by the amount of current required to raise the internal
temperature approximately 10°C above an ambient temperature of 105°C. The ability of the capacitor to dissipate
this heat to the surrounding air will determine the amount of current the capacitor can safely sustain. Capacitors
that are physically large and have a large surface area will typically have higher RMS current ratings. For a given
capacitor value, a higher voltage electrolytic capacitor will be physically larger than a lower voltage capacitor, and
thus be able to dissipate more heat to the surrounding air, and therefore will have a higher RMS current rating.

The consequences of operating an electrolytic capacitor above the RMS current rating is a shortened operating
life. The higher temperature speeds up the evaporation of the capacitor's electrolyte, resulting in eventual failure.

Selecting an input capacitor requires consulting the manufacturers data sheet for maximum allowable RMS ripple
current. For a maximum ambient temperature of 40°C, a general guideline would be to select a capacitor with a
ripple current rating of approximately 50% of the DC load current. For ambient temperatures up to 70°C, a
current rating of 75% of the DC load current would be a good choice for a conservative design. The capacitor
voltage rating must be at least 1.25 times greater than the maximum input voltage, and often a much higher
voltage capacitor is needed to satisfy the RMS current requirements.

A graph shown in Figure 25 shows the relationship between an electrolytic capacitor value, its voltage rating, and
the RMS current it is rated for. These curves were obtained from the Nichicon “PL" series of low ESR, high
reliability electrolytic capacitors designed for switching regulator applications. Other capacitor manufacturers offer
similar types of capacitors, but always check the capacitor data sheet.

“Standard” electrolytic capacitors typically have much higher ESR numbers, lower RMS current ratings and
typically have a shorter operating lifetime.
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Because of their small size and excellent performance, surface mount solid tantalum capacitors are often used
for input bypassing, but several precautions must be observed. A small percentage of solid tantalum capacitors
can short if the inrush current rating is exceeded. This can happen at turn on when the input voltage is suddenly
applied, and of course, higher input voltages produce higher inrush currents. Several capacitor manufacturers do
a 100% surge current testing on their products to minimize this potential problem. If high tum on currents are
expected, it may be necessary to limit this current by adding either some resistance or inductance before the
tantalum capacitor, or select a higher voltage capacitor. As with aluminum electrolytic capacitors, the RMS ripple
current rating must be sized to the load current.

FEEDFORWARD CAPACITOR
(Adjustable Output Voltage Version)

Cgr — A Feedforward Capacitor Cgr, shown across R2 in Figure 20 is used when the ouput voltage is greater
than 10V or when Cqur has a very low ESR. This capacitor adds lead compensation to the feedback loop and
increases the phase margin for better loop stability. For Cgr selection, see the Design Procedure section.

2200

0 10 20 30 40 S50 60 70
CAPACITOR VOLTAGE RATING (V)

Figure 25. RMS Current Ratings for Low ESR Electrolytic Capacitors (Typical)
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OUTPUT CAPACITOR

Cout — An output capacitor is required to filter the output and provide regulator loop stability. Low impedance or
low ESR Electrolytic or solid tantalum capacitors designed for switching regulator applications must be used.
When selecting an output capacitor, the important capacitor parameters are; the 100 kHz Equivalent Series
Resistance (ESR), the RMS ripple current rating, voltage rating, and capacitance value. For the output capacitor,
the ESR value is the most important parameter.

The output capacitor requires an ESR value that has an upper and lower limit. For low output ripple voltage, a
low ESR value is needed. This value is determined by the maximum allowable output ripple voltage, typically 1%
to 2% of the output voltage. But if the selected capacitor's ESR is extremely low, there is a possibility of an
unstable feedback loop, resulting in an oscillation at the output. Using the capacitors listed in the tables, or
similar types, will provide design solutions under all conditions.

If very low output ripple voltage (less than 15 mV) is required, refer to the section on OUTPUT VOLTAGE
RIPPLE AND TRANSIENTS for a post ripple filter.

An aluminum electrolytic capacitor's ESR value is related to the capacitance value and its voltage rating. In most
cases, higher voltage electrolytic capacitors have lower ESR values (see Figure 26 ). Often, capacitors with
much higher voltage ratings may be needed to provide the low ESR values required for low output ripple voltage.

The output capacitor for many different switcher designs often can be satisfied with only three or four different
capacitor values and several different voltage ratings. See the quick design component selection tables in
Table 1 and 4 for typical capacitor values, voltage ratings, and manufacturers capacitor types.

Electrolytic capacitors are not recommended for temperatures below -25°C. The ESR rises dramatically at cold
temperatures and typically rises 3X @ -25°C and as much as 10X at -40°C. See curve shown in Figure 27.
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Solid tantalum capacitors have a much better ESR spec for cold temperatures and are recommended for
temperatures below -25°C.
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Figure 26. Capacitor ESR vs Capacitor Voltage Rating (Typical Low ESR Electrolytic Capacitor)
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CATCH DIODE

Buck regulators require a diode to provide a retumn path for the inductor current when the switch tums off. This
must be a fast diode and must be located close to the LM2596 using short leads and short printed circuit traces.

Because of their very fast switching speed and low forward voltage drop, Schottky diodes provide the best
performance, especially in low output voltage applications (5V and lower). Ultra-fast recovery, or High-Efficiency
rectifiers are also a good choice, but some types with an abrupt tumoff characteristic may cause instability or
EMI problems. Ultra-fast recovery diodes typically have reverse recovery times of 50 ns or less. Rectifiers such
as the 1N5400 series are much too slow and should not be used.
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Figure 27. Capacitor ESR Change vs Temperature

INDUCTOR SELECTION

All switching regulators have two basic modes of operation; continuous and discontinuous. The difference
between the two types relates to the inductor current, whether it is flowing continuously, or if it drops to zero for a
period of time in the normal switching cycle. Each mode has distinctively different operating characteristics,
which can affect the regulators performance and requirements. Most switcher designs will operate in the
discontinuous mode when the load current is low.

The LM2596 (or any of the Simple Switcher family) can be used for both continuous or discontinuous modes of
operation.
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In many cases the preferred mode of operation is the continuous mode. It offers greater output power, lower
peak switch, inductor and diode currents, and can have lower output ripple voltage. But it does require larger
inductor values to keep the inductor current flowing continuously, especially at low output load currents and/or
high input voltages.

To simplify the inductor selection process, an inductor selection guide (nomograph) was designed (see Figure 21
through 8). This guide assumes that the regulator is operating in the continuous mode, and selects an inductor
that will allow a peak-to-peak inductor ripple current to be a certain percentage of the maximum design load
current. This peak-to-peak inductor ripple current percentage is not fixed, but is allowed to change as different
design load currents are selected. (See Figure 28.)

30

Inductance
Region

0.5 1.0 1.3 20 25 3.0
MAXIMUM LOAD CURRENT (A)
Figure 28. (Alyp) Peak-to-Peak Inductor

Ripple Current (as a Percentage of the Load Current)
vs Load Current

20

Alyp (% OF MAX DESIGN LOAD CURRENT)

By allowing the percentage of inductor ripple current to increase for low load currents, the inductor value and size
can be kept relatively low.

When operating in the continuous mode, the inductor current waveform ranges from a triangular to a sawtooth
type of waveform (depending on the input voltage), with the average value of this current waveform equal to the
DC output load current.

Inductors are available in different styles such as pot core, toroid, E-core, bobbin core, etc., as well as different
core materials, such as ferrites and powdered iron. The least expensive, the bobbin, rod or stick core, consists of
wire wound on a ferrite bobbin. This type of construction makes for an inexpensive inductor, but since the
magnetic flux is not completely contained within the core, it generates more Electro-Magnetic Interference (EMI).
This magnetic flux can induce voltages into nearby printed circuit traces, thus causing problems with both the
switching regulator operation and nearby sensitive circuitry, and can give incorrect scope readings because of
induced voltages in the scope probe. Also see section on OPEN CORE INDUCTORS.

When multiple switching regulators are located on the same PC board, open core magnetics can cause
interference between two or more of the regulator circuits, especially at high currents. A torroid or E-core inductor
(closed magnetic structure) should be used in these situations.

The inductors listed in the selection chart include ferrite E-core construction for Schott, ferrite bobbin core for
Renco and Coilcraft, and powdered iron toroid for Pulse Engineering.

Exceeding an inductor's maximum current rating may cause the inductor to overheat because of the copper wire
losses, or the core may saturate. If the inductor begins to saturate, the inductance decreases rapidly and the
inductor begins to look mainly resistive (the DC resistance of the winding). This can cause the switch current to
rise very rapidly and force the switch into a cycle-by-cycle current limit, thus reducing the DC output load current.
This can also result in overheating of the inductor and/or the LM2596. Different inductor types have different
saturation characteristics, and this should be kept in mind when selecting an inductor.

The inductor manufacturer's data sheets include current and energy limits to avoid inductor saturation.
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DISCONTINUOUS MODE OPERATION

The selection guide chooses inductor values suitable for continuous mode operation, but for low current
applications and/or high input voltages, a discontinuous mode design may be a better choice. It would use an
inductor that would be physically smaller, and would need only one half to one third the inductance value needed
for a continuous mode design. The peak switch and inductor currents will be higher in a discontinuous design,
but at these low load currents (1A and below), the maximum switch current will still be less than the switch
current limit.

Discontinuous operation can have voltage waveforms that are considerable different than a continuous design.
The output pin (switch) waveform can have some damped sinusoidal ringing present. (See Typical Performance
Characteristics photo titled Discontinuous Mode Switching Waveforms) This ringing is normal for discontinuous
operation, and is not caused by feedback loop instabilities. In discontinuous operation, there is a period of time
where neither the switch or the diode are conducting, and the inductor current has dropped to zero. During this
time, a small amount of energy can circulate between the inductor and the switch/diode parasitic capacitance
causing this characteristic ringing. Normally this ringing is not a problem, unless the amplitude becomes great
enough to exceed the input voltage, and even then, there is very little energy present to cause damage.

Different inductor types and/or core materials produce different amounts of this characteristic ringing. Ferrite core
inductors have very little core loss and therefore produce the most ringing. The higher core loss of powdered iron
inductors produce less ringing. If desired, a series RC could be placed in parallel with the inductor to dampen the
ringing. The computer aided design software Switchers Made Simple (version 4.3) will provide all component
values for continuous and discontinuous modes of operation.

Before

Ripple
Filter

5 mVidiv.

Alter
Ripple
Filter

2 pnsecidiv

Figure 29. Post Ripple Filter Waveform

OUTPUT VOLTAGE RIPPLE AND TRANSIENTS

The output voltage of a switching power supply operating in the continuous mode will contain a sawtooth ripple
voltage at the switcher frequency, and may also contain short voltage spikes at the peaks of the sawtooth
waveform.

The output ripple voltage is a function of the inductor sawtooth ripple current and the ESR of the output
capacitor. A typical output ripple voltage can range from approximately 0.5% to 3% of the output voltage. To
obtain low ripple voltage, the ESR of the output capacitor must be low, however, caution must be exercised when
using extremely low ESR capacitors because they can affect the loop stability, resulting in oscillation problems. If
very low output ripple voltage is needed (less than 20 mV), a post ripple filter is recommended. (See Figure 20.)
The inductance required is typically between 1 yH and 5 pH, with low DC resistance, to maintain good load
regulation. A low ESR output filter capacitor is also required to assure good dynamic load response and ripple
reduction. The ESR of this capacitor may be as low as desired, because it is out of the regulator feedback loop.
The photo shown in Figure 29 shows a typical output ripple voltage, with and without a post ripple filter.
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When observing output ripple with a scope, it is essential that a short, low inductance scope probe ground
connection be used. Most scope probe manufacturers provide a special probe terminator which is soldered onto
the regulator board, preferable at the output capacitor. This provides a very short scope ground thus eliminating
the problems associated with the 3 inch ground lead normally provided with the probe, and provides a much
cleaner and more accurate picture of the ripple voltage waveform.

The voltage spikes are caused by the fast switching action of the output switch and the diode, and the parasitic
inductance of the output filter capacitor, and its associated wiring. To minimize these voltage spikes, the output
capacitor should be designed for switching regulator applications, and the lead lengths must be kept very short.
Wiring inductance, stray capacitance, as well as the scope probe used to evaluate these transients, all contribute
to the amplitude of these spikes.

When a switching regulator is operating in the continuous mode, the inductor current waveform ranges from a
triangular to a sawtooth type of waveform (depending on the input voltage). For a given input and output voltage,
the peak-to-peak amplitude of this inductor current waveform remains constant. As the load current increases or
decreases, the entire sawtooth current waveform also rises and falls. The average value (or the center) of this
current waveform is equal to the DC load current.

If the load current drops to a low enough level, the bottom of the sawtooth current waveform will reach zero, and
the switcher will smoothly change from a continuous to a discontinuous mode of operation. Most switcher
designs (irregardless how large the inductor value is) will be forced to run discontinuous if the output is lightly
loaded. This is a perfectly acceptable mode of operation.
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Figure 30. Peak-to-Peak Inductor
Ripple Current vs Load Current

In a switching regulator design, knowing the value of the peak-to-peak inductor ripple current (Alyp) can be
useful for determining a number of other circuit parameters. Parameters such as, peak inductor or peak switch
current, minimum load current before the circuit becomes discontinuous, output ripple voltage and output
capacitor ESR can all be calculated from the peak-to-peak Alyp. When the inductor nomographs shown in
Figure 21 through 8 are used to select an inductor value, the peak-to-peak inductor ripple current can
immediately be determined. The curve shown in Figure 30 shows the range of (Alyp) that can be expected for
different load currents. The curve also shows how the peak-to-peak inductor ripple current (Alyp) changes as
you go from the lower border to the upper border (for a given load current) within an inductance region. The
upper border represents a higher input voltage, while the lower border represents a lower input voltage (see
Inductor Selection Guides section).

These curves are only correct for continuous mode operation, and only if the inductor selection guides are used
to select the inductor value

Consider the following example:
Vout = 5V, maximum load current of 2.5A
Vin = 12V, nominal, varying between 10V and 16V.
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The selection guide in Figure 22 shows that the vertical line for a 2.5A load current, and the horizontal line for the
12V input voltage intersect approximately midway between the upper and lower borders of the 33 pH inductance
region. A 33 pH inductor will allow a peak-to-peak inductor current (Alyp) to flow that will be a percentage of the
maximum load current. Referring to Figure 30, follow the 2.5A line approximately midway into the inductance
region, and read the peak-to-peak inductor ripple current (Alyp) on the left hand axis (approximately 620 mA p-

P).

As the input voltage increases to 16V, it approaches the upper border of the inductance region, and the inductor
ripple current increases. Referring to the curve in Figure 30, it can be seen that for a load current of 2.5A, the
peak-to-peak inductor ripple current (Alyp) is 620 mA with 12V in, and can range from 740 mA at the upper
border (16V in) to 500 mA at the lower border (10V in).

Once the Alyp value is known, the following formulas can be used to calculate additional information about the
switching regulator circuit.
= Amo) _ (554 + 282) _ 2914
1. Peak Inductor or peak switch current (ILOAD+ 2 ) ( "2 )
=200 .
Minimum load current before the circuit becomes discontinuous 2 2

Output Ripple Voltage = (Alyp)*(ESR of Coyt) = 0.62A%0.1Q = 62 mV p-p

= 0.31A

ON

_ Output Ripple Voltage (AVour)
ESR of Coyt o

- = 0,10
0.62A

OPEN CORE INDUCTORS

Another possible source of increased output ripple voltage or unstable operation is from an open core inductor.
Ferrite bobbin or stick inductors have magnetic lines of flux flowing through the air from one end of the bobbin to
the other end. These magnetic lines of flux will induce a voltage into any wire or PC board copper trace that
comes within the inductor's magnetic field. The strength of the magnetic field, the orientation and location of the
PC copper trace to the magnetic field, and the distance between the copper trace and the inductor, determine
the amount of voltage generated in the copper trace. Another way of looking at this inductive coupling is to
consider the PC board copper trace as one tum of a transformer (secondary) with the inductor winding as the
primary. Many millivolts can be generated in a copper trace located near an open core inductor which can cause
stability problems or high output ripple voltage problems.

If unstable operation is seen, and an open core inductor is used, it's possible that the location of the inductor with
respect to other PC traces may be the problem. To determine if this is the problem, temporarily raise the inductor
away from the board by several inches and then check circuit operation. If the circuit now operates correctly,
then the magnetic flux from the open core inductor is causing the problem. Substituting a closed core inductor
such as a torroid or E-core will correct the problem, or re-arranging the PC layout may be necessary. Magnetic
flux cutting the IC device ground trace, feedback trace, or the positive or negative traces of the output capacitor
should be minimized.

Sometimes, locating a trace directly beneath a bobbin in- ductor will provide good results, provided it is exactly in
the center of the inductor (because the induced voltages cancel themselves out), but if it is off center one
direction or the other, then problems could arise. If flux problems are present, even the direction of the inductor
winding can make a difference in some circuits.

This discussion on open core inductors is not to frighten the user, but to alert the user on what kind of problems
to watch out for when using them. Open core bobbin or “stick” inductors are an inexpensive, simple way of
making a compact efficient inductor, and they are used by the millions in many different applications.
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THERMAL CONSIDERATIONS

The LM2596 is available in two packages, a 5-pin TO-220 (T) and a 5-pin surface mount TO-263 (S).

The TO-220 package needs a heat sink under most conditions. The size of the heatsink depends on the input
voltage, the output voltage, the load current and the ambient temperature. The curves in Figure 31 show the
LM2596T junction temperature rises above ambient temperature for a 3A load and different input and output
voltages. The data for these curves was taken with the LM2596T (TO-220 package) operating as a buck
switching regulator in an ambient temperature of 25°C (still air). These temperature rise numbers are all
approximate and there are many factors that can affect these temperatures. Higher ambient temperatures require
more heat sinking.

The TO-263 surface mount package tab is designed to be soldered to the copper on a printed circuit board. The
copper and the board are the heat sink for this package and the other heat producing components, such as the
catch diode and inductor. The PC board copper area that the package is soldered to should be at least 0.4 in?,
and ideally should have 2 or more square inches of 2 oz. (0.0028 in.) copper. Additional copper area improves
the thermal characteristics, but with copper areas greater than approximately 6 in?, only small improvements in
heat dissipation are realized. If further thermal improvements are needed, double sided, multilayer PC board with
large copper areas and/or airflow are recommended.

The curves shown in Figure 32 show the LM2596S (TO-263 package) junction temperature rise above ambient
temperature with a 2A load for various input and output voltages. This data was taken with the circuit operating
as a buck switching regulator with all components mounted on a PC board to simulate the junction temperature
under actual operating conditions. This curve can be used for a quick check for the approximate junction
temperature for various conditions, but be aware that there are many factors that can affect the junction
temperature. When load currents higher than 2A are used, double sided or multilayer PC boards with large
copper areas and/or airflow might be needed, especially for high ambient temperatures and high output voltages.

For the best thermal performance, wide copper traces and generous amounts of printed circuit board copper
should be used in the board layout. (One exception to this is the output (switch) pin, which should not have large
areas of copper.) Large areas of copper provide the best transfer of heat (lower thermal resistance) to the
surrounding air, and moving air lowers the thermal resistance even further.

Package thermal resistance and junction temperature rise numbers are all approximate, and there are many
factors that will affect these numbers. Some of these factors include board size, shape, thickness, position,
location, and even board temperature. Other factors are, trace width, total printed circuit copper area, copper
thickness, single- or double-sided, multilayer board and the amount of solder on the board. The effectiveness of
the PC board to dissipate heat also depends on the size, quantity and spacing of other components on the
board, as well as whether the surrounding air is still or moving. Furthermore, some of these components such as
the catch diode will add heat to the PC board and the heat can vary as the input voltage changes. For the
inductor, depending on the physical size, type of core material and the DC resistance, it could either act as a
heat sink taking heat away from the board, or it could add heat to the board.
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Circuit Data for Temperature Rise Curve
TO-220 Package (T)

Capacitors

Through hole electrolytic

Inductor

Through hole, Renco

Diode

Through hole, 5A 40V, Schottky

PC board

3 square inches single sided 2 oz. copper (0.0028")

Figure 31. Junction Temperature Rise, TO-220
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Circuit Data for Temperature Rise Curve
TO-263 Package (S)

Capacitors

Surface mount tantalum, molded “D” size

Inductor

Surface mount, Pulse Engineering, 68 puH

Diode

Surface mount, 5A 40V, Schottky

PC board

9 square inches single sided 2 oz. copper (0.0028")

Figure 32. Junction Temperature Rise, TO-263
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Figure 34. Undervoltage Lockout
for Buck Regulator

DELAYED STARTUP

The circuit in Figure 33 uses the the ON /OFF pin to provide a time delay between the time the input voltage is
applied and the time the output voltage comes up (only the circuitry pertaining to the delayed start up is shown).
As the input voltage rises, the charging of capacitor C1 pulls the ON /OFF pin high, keeping the regulator off.
Once the input voltage reaches its final value and the capacitor stops charging, and resistor R, pulls the ON
JOFF pin low, thus allowing the circuit to start switching. Resistor R, is included to limit the maximum voltage
applied to the ON /OFF pin (maximum of 25V), reduces power supply noise sensitivity, and also limits the
capacitor, C1, discharge current. When high input ripple voltage exists, avoid long delay time, because this ripple
can be coupled into the ON /OFF pin and cause problems.

This delayed startup feature is useful in situations where the input power source is limited in the amount of
current it can deliver. It allows the input voltage to rise to a higher voltage before the regulator starts operating.
Buck regulators require less input current at higher input voltages.

UNDERVOLTAGE LOCKOUT

Some applications require the regulator to remain off until the input voltage reaches a predetermined voltage. An
undervoltage lockout feature applied to a buck regulator is shown in Figure 34, while Figure 35 and Figure 36
applies the same feature to an inverting circuit. The circuit in Figure 35 features a constant threshold voltage for
turn on and turn off (zener voltage plus approximately one volt). If hysteresis is needed, the circuit in Figure 36
has a turn ON voltage which is different than the turn OFF voltage. The amount of hysteresis is approximately
equal to the value of the output voltage. If zener voltages greater than 25V are used, an additional 47 kQ resistor
is needed from the ON /OFF pin to the ground pin to stay within the 25V maximum limit of the ON /OFF pin.

INVERTING REGULATOR

The circuit in Figure 37 converts a positive input voltage to a negative output voltage with a common ground. The
circuit operates by bootstrapping the regulator's ground pin to the negative output voltage, then grounding the
feedback pin, the regulator senses the inverted output voltage and regulates it.
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D1
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This circuit has an ON/OFF threshold of approximately 13V.

Figure 35. Undervoltage Lockout
for Inverting Regulator

This example uses the LM2596-5.0 to generate a =5V output, but other output voltages are possible by selecting
other output voltage versions, including the adjustable version. Since this regulator topology can produce an
output voltage that is either greater than or less than the input voltage, the maximum output current greatly
depends on both the input and output voltage. The curve shown in Figure 38 provides a guide as to the amount
of output load current possible for the different input and output voltage conditions.

The maximum voltage appearing across the regulator is the absolute sum of the input and output voltage, and
this must be limited to a maximum of 40V. For example, when converting +20V to =12V, the regulator would see
32V between the input pin and ground pin. The LM2596 has a maximum input voltage spec of 40V.

Additional diodes are required in this regulator configuration. Diode D1 is used to isolate input voltage ripple or
noise from coupling through the C,y capacitor to the output, under light or no load conditions. Also, this diode
isolation changes the topology to closley resemble a buck configuration thus providing good closed loop stability.
A Schottky diode is recommended for low input voltages, (because of its lower voltage drop) but for higher input
voltages, a fast recovery diode could be used.

Without diode D3, when the input voltage is first applied, the charging current of C;y can pull the output positive
by several volts for a short period of time. Adding D3 prevents the output from going positive by more than a
diode voltage.
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47k 5|ﬁ/orr 3| enp
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BAAA

A
— 12V
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Yyy
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This circuit has hysteresis
Regulator starts switching at Vy = 13V
Regulator stops switching at Vi = 8V

Figure 36. Undervoltage Lockout with Hysteresis for Inverting Regulator
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Figure 37. Inverting =5V Regulator with Delayed Startup
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Figure 38. Inverting Regulator Typical Load Current

Because of differences in the operation of the inverting regulator, the standard design procedure is not used to
select the inductor value. In the majority of designs, a 33 pH, 3.5A inductor is the best choice. Capacitor
selection can also be narrowed down to just a few values. Using the values shown in Figure 37 will provide good
results in the majority of inverting designs.

This type of inverting regulator can require relatively large amounts of input current when starting up, even with
light loads. Input currents as high as the LM2596 current limit (approx 4.5A) are needed for at least 2 ms or
more, until the output reaches its nominal output voltage. The actual time depends on the output voltage and the
size of the output capacitor. Input power sources that are current limited or sources that can not deliver these
currents without getting loaded down, may not work correctly. Because of the relatively high startup currents
required by the inverting topology, the delayed startup feature (C1, R; and R;) shown in Figure 37 is
recommended. By delaying the regulator startup, the input capacitor is allowed to charge up to a higher voltage
before the switcher begins operating. A portion of the high input current needed for startup is now supplied by the
input capacitor (Cyy). For severe start up conditions, the input capacitor can be made much larger than normal.

INVERTING REGULATOR SHUTDOWN METHODS

To use the ON /OFF pin in a standard buck configuration is simple, pull it below 1.3V (@25°C, referenced to
ground) to turn regulator ON, pull it above 1.3V to shut the regulator OFF. With the inverting configuration, some
level shifting is required, because the ground pin of the regulator is no longer at ground, but is now setting at the
negative output voltage level. Two different shutdown methods for inverting regulators are shown in Figure 39
and Figure 40.
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Figure 39. Inverting Regulator Ground Referenced Shutdown
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Figure 40. Inverting Regulator Ground Referenced Shutdown using Opto Device

TYPICAL THROUGH HOLE PC BOARD LAYOUT, FIXED OUTPUT (1X SIZE), DOUBLE SIDED

Copper Side Component Side
REGULATED
QUTPUT
VOLTAGE
—
— ON/OFF
——— -
GROUND
0C INPUT
VOLTAGE
+

Cin—470 pF, 50V, Aluminum Electrolytic Panasonic, “HFQ Series”

Cour—330 pF, 35V, Aluminum Electrolytic Panasonic, “HFQ Series”

D1—5A, 40V Schottky Rectifier, 1IN5825

L1—47 pH, L39, Renco, Through Hole

Thermalloy Heat Sink #7020
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TYPICAL THROUGH HOLE PC BOARD LAYOUT, ADJUSTABLE OUTPUT (1X SIZE), DOUBLE SIDED
Copper Side Component Side

REGULATED

GROUND

SASSSSSS)

Fa—
DC INPUT
VOLTAGE
l— ¢+

Cin—470 pF, 50V, Aluminum Electrolytic Panasonic, "HFQ Series”
Coyr—220 pF, 35V Aluminum Electrolytic Panasonic, “"HFQ Series”
D1—5A, 40V Schottky Rectifier, 1IN5825

L1—47 pH, L39, Renco, Through Hole

Ri—1kQ, 1%

Rp—Use formula in Design Procedure

Crr—See Table 2.
Thermalloy Heat Sink #7020

Figure 41. PC Board Layout
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PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
() Drawing Qty @ ®) @) @)
LM2596S-12/NOPB ACTIVE DDPAK/ KTT 5 45  Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S Samples
TO-263 Exempt) -12 P+
LM25965-3.3 NRND DDPAK/ KTT 5 45 TBD Call TI Call Tl LM2596S
TO-263 -3.3 P+
LM2596S-3.3/NOPB ACTIVE DDPAK/ KTT 5 45  Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S
To.263 Exermpl) 33Ps
LM2596S-5.0 NRND DDPAK/ KTT 5 45 TBD Call Tl Call Tl LM2596S
TO-263 -5.0 P+
LM2596S-5.0/NOPB ACTIVE DDPAK/ KTT 5 45 Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S
TO-263 Exempt) 5.0 P+
LM2596S-ADJ/NOPB ACTIVE DDPAK/ KTT 5 45 Pb-Free (RoHS CU SN Level-3-245C-168 HR  40to 125 LM2596S Samples
TO-263 Exempt) -ADJ P+
LM2596SX-12/NOPB ACTIVE DDPAK/ KTT 5 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S Samples
TO-263 Exempt) -12 P+
LM2596SX-3.3 NRND DDPAK/ KTT 5 500 TBD Call Tl Call Ti LM2596S
TO-263 -3.3 P+
LM2596SX-3.3/NOPB ACTIVE DDPAK/ KTT 5 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR LM2596S Carrin e
TO-263 Exempt) 33P+ .
LM2596SX-5.0/NOPB ACTIVE DDPAK/ KTT 5 500 Pb-Free (RoHS CUSN Level-3-245C-168 HR LM2596S Saninles
TO-263 Exempt) -5.0 P+
LM2596SX-ADJ NRND DDPAK/ KTT 5 500 TBD Call TI Call Tl -40 to 125 LM2596S
TO-263 -ADJ P+
LM2596SX-ADJ/INOPB ACTIVE DDPAK/ KTT 5 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR  -40to 125 LM2596S
TO-263 Exempt) -ADJ P+
LM2596T-12 NRND TO-220 NDH ] 45 TBD Call Tl Call Tl LM2596T
12 P+
LM2596T-12/LF03 ACTIVE TO-220 NDH 8 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T
& no Sb/Br) -12 P+ Samples
LM2596T-12/NOPB ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T Samples
& no Sb/Br) 12 P+
LM2596T-3.3 NRND TO-220 NDH 5 45 TBD Call Tl Call Tl LM2596T
-3.3 P+
LM2596T-3.3/LF03 ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T Samples
& no Sb/Br) -3.3P+
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
() Drawing Qty @ , _® : ®) @is)
LM2596T-3.3/NOPB ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T -
& no Sb’Br) 33 P+ Samples
LM2596T-5.0 NRND TO-220 NDH 5 45 TBD Call Tl Call Tl LM2596T
7 -5.0 P+
LM2596T-5.0/LF03 ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T
& no Sb/Br) -5.0 P+
LM2596T-5.0/NOPB ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T
& no Sb/Br) -5.0 P+
LM2596T-ADJ NRND TO-220 NDH 5 45 TBD Call Tl Call Tl -40 to 125 LM2596T
-ADJ P+
LM2596 T-ADJ/LBO5 NRND TO-220 NEB 5 45 TBD Call Tl CallTi LM2596T
-ADJ P+
LM2596T-ADJ/LF02 ACTIVE TO-220 NEB 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2596T Samples
& no Sbi/Br) - -ADJ P+
LM2596T-ADJ/NOPB ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM -40 o 125 LM2596T S
& no Sb/Br) ‘ -ADJ P+ P

™ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free” mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.
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® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

®) | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that itis provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and T1 suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 3



ki3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 23-Sep-2013
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
|1— KO |¢—P1—»
olo o ole & 0 O T
® ® o( B0 W
Reel p—— l
Diameter
Cavity —/-bl AD |4-
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness|
W_| Overall width of the carrier tape
- P1 | Pitch between successive cavity centers
L1 1
_fRee! Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
@ -0 LoD O, 0| & Sprocket Holes
| o T
I ‘
. __T__.L
User Direction of Feed
L
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ I Reel Reel A0 BO Ko P1 w Pin1
Type |Drawing DI Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
LM2596SX-12/NOPB | DDPAK/| KTT 5 500 330.0 244 |10.75]|1485| 5.0 | 16.0 | 24.0 Q2
TO-263
LM2596SX-3.3 DDPAK/| KTT 5 500 330.0 244 |10.75|14.85| 50 | 16.0 | 24.0 Q2
TO-263
LM2596SX-3.3/NOPB | DDPAK/| KTT 5 500 330.0 244 |10.75]|14.85| 50 | 16.0 | 24.0 Q2
TO-263
LM2596SX-5.0/NOPB |DDPAK/| KTT 5 500 330.0 244 |10.75]11485| 50 | 16.0 | 24.0 Q2
TO-263
LM2596SX-ADJ DDPAK/| KTT 5 500 330.0 244 |1075]14.85]| 5.0 | 16.0 | 24.0 Q2
TO-263
LM2596SX-ADJ/NOPB | DDPAK/| KTT 5 500 330.0 244 |10.75]|14.85| 5.0 | 16.0 | 24.0 Q2
TO-263

Pack Materials-Page 1
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www.ti.com 23-Sep-2013
TAPE AND REEL BOX DIMENSIONS
;:
BN
‘p\/ \/ ( %
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM2596SX-12/NOPB DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM25965X-3.3 DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2596SX-3.3/NOPB DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2596SX-5.0/NOPB DDPAKI/TO-263 7KTT 5 500 367.0 367.0 45.0
LM2596SX-ADJ DDPAK/TO-263 KTT 5 500 367.0 367.0 45,0
LM2596SX-ADJ/NOPB | DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0

Pack Materials-Page 2



MECHANICAL DATA

® 0.151%0.002
0.110£0.010 = 3.84£0.05
2.79%0.25
A -
0.035 £ 0.005
: I ) 0.8920.13 1'F
1 |2 >
0.400*8-043
=2 et e L e 8 - )
10.16 4038 -'_/ p .
’ -0 13 B 2 L
| = T 7 =
= b o.0s7s0.005 .,
Y 1.7040.13
| 0.34020.010 L_
8.64%0.25
0.25040.010 | PIN ONE ID
6.35%0.25
0.134£0.015 0.01528-049
3402038 _'1 r- r 0387023
(+] T
TAPERED SIDES 1 o
0.324
‘ i 4 8.70
8.24
0.180 £0.005 [ {
4572013 ¥ | 0.105
} \ Po, J 2.67
s 1 I SEATING PLANE
0.050 £0.002 _T B 0.622 b 0.176 £ 0.009
" 15.80 4.47£0.23
1.27 £0.05 9~
3 17.88 - 1050 (REV A)
Texas
INSTRUMENTS
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MECHANICAL DATA

i

.050
f1.211

MAY —=

.310:.0“1 —-I\p

(8.64%0.25]

+.003
1801

[4.57

05
AT A

]
£7].006 [0.151

.050%. 002

]

DE 1°

[1.27%0.051
IAPPER(D—/
SIDE 1

J/\m':a‘wp
x[-06
y I
1—— Y-
2702, 018 =7
capet:gly 19-9870.251 =]
\0.28 5% . 028-.038
[10.16:3:3 — 10.71-0.97)
o= @] 010 10 251D [AO[0 ]
\ (T

IN 1 1D
R.030 MAX TYP
[0.76)

015-.030
[0.38-0.76]

.030 |GAGE PLANE
[0.76)

. §

“fj» o] 004 (0.13]
K04

000-.006

[0-0.15] +— .078

NOTE 4 [1.98]
.565  MAY —————=f

[14.35)
!f .200 MIN —=
[5.081
| AT |
] R=_"1
N
%081 A—
J g
[
BOTTOM SIDE OF PACKAGE

f=—(.275
(6.99]

..

|55
[14.171

L—-l—i‘OTS ]

1

LAND PATTERN RECOMMENDATION

DIMENSION IS INCH
VALUES IN [] ARE MILLIMETERS
DIMENSIONS IN () FOR REFERENCE ONLY

91)

§58) ———————=f

(58X 042 )
(1.07]

TS5B (Rev D)

www.ti.com



MECHANICAL DATA

0.100-0.120 - 0.149-0.153
[2.54-3.05] /_ [3.78-3.89)
+0.015
! + . - 0.030-0.040
+0.38
[10.18 Z575] ” [0.76-1.02] B
O - 0.057-0.077
TYP
\PIN 1 ipENT  L1-45-1.96]
_,|0.240-0.260 | 0.330-0.350
[6.10-6.60] [8.38-8.89]
g 0-030-0.050 . o LEADS 2, 4
[0.76-1.27] LEADS 1, 3,5
o——" -
| 7 70 0.105 0012
i V17°-27° o [2.67 *025
o -0.38
0.175-0.185 / :
[4.45-4.70] i / J s
] A
: - , SEATING PLANE
1 7/ A
1 0°-6° ~ |~
0.048-0.052 o015 $0.007 ?;132-2.‘1:;]5 TP
[1.22-1.32] . :3:1‘321 17 —d ler . .
[0.38 -0.03 2 U l
=]
TAPERED SIDES 1 0.56 DTS
[14.30-14.81]
ﬂ.:ig:?;l;g] TAO5B (REV A)
Texas
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MECHANICAL DATA
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0.400 "5 005 ! i i P
+0.38
[10.16 03 = K1
I E _[ 0.057-0.077
PIN-#1.1D 4% 11.45-1.96]
_,|0.240-0.260| _ 0.330-0.350 |
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e —
y +
l o caid sy o0 3
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I L
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\X7

e L

3
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N

.007
0.015 5001

+0.18
[0'38 -0.03]

TYP —»

0.725-0.745
[18.42-18.92]
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in Tl's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent T| deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated Tl component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
conceming its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, T| components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No T components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting 1ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DsP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www_ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www_ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www_ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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Smm Flat Top Super bright LED

Forward Dominant Reverse
Voltage(V) wavelength(mm) MCD current{(uA) 50% Power
If=25mA If=25mA If=25mA vr=5v  Angle (deg)
Min Typ Min Typ Min Typ Max
R ¢ 18 2 615 625 4000 6000 10 120--140
Yellow 18 2.2 587 595 4000 6000 10 120--140
3.2 515 520 12000 14000 10 120--140
3.2 460 465 5000 6000 10 120--140
X=0.31
22 Y=0 32 16000 20000 10 120--140
3.5 N/A 13000 14000 10 120--140
X=0.35
3.5 Y=0.37 8000 9000 10 120--140
32 390 400 1000 1200 10 120--140
2.2 515 520 6000 8000 10 120--140



. e
Diamension Max.
L (mm) a (mm) D (mm) d (mm)
Model Working (V)

+0.7 +2.0 +0.3 +0.03

1/8W (0. 125W) 150V 3.20 27.70 1.74 0.40
-02 -20 03 -0.03
+0.4 +2.0 +03 +0.03

1/4W (0 25W) 250V 6.00 28.00 2.30 040
-02 -20 03 -0.03
+0.5 +20 +0.3 +0.03

1/2W (0.5W) 300V 9.00 2% .15 2.30 0.60
05 -20 03 -0.03
+1.0 +20 +05 +0.03

1w 35V 10.50 2.75 420 0.60
-1.0 -20 05 -0.03
+1.0 +2.0 +0.5 +0.03

2W 500V 14.80 276 4.70 0.70
-1.0 -20 05 -0.03
+1.0 +2.0 +0.5 : +0.03

3w 500V 16.60 31.20 5.80 0.70
-1.0 -20 05 -0.03
+1.0 +1.0 +0.5 +0.03

5W 500V 24.20 28.00 8.20 0.70
-1.0 -1.0 05 -0.03







Available Values of Metal Film Resistor 3W (+/-1%)

)
1.5
2.0
.
o
6.8
8.2
=




° Resistor Colour Code

4 Band
J 82KL2, 5%

5 Band
47K, 1%

390K, 1%

23ppm

temperature
coefficient
multiplier
(£2)

® ‘ significant figures

olerance




You Searched for product number C-14X .
The Triad Magnetics product is highlighted below.

! -
.Desc..n

riad Transformer Catalog
NDUCTORS

TRIAD chokes are manufactured in a wide variety of inductance values and physical configurations. Triad

Magnetics produces two styles of TRIAD filter reactors (chokes)

-- smoothing and swinging. Smoothing

chokes are power supply filter chokes having a core with an air gap which prevents saturation at maximum

direct current. Swinging chokes have cores with little or no air gap, therefore, exhibiting high inductance at
low current and low inductance at high current. This inductance, which swings under conditions of varying
load current, permits use of a high resistance bleeder resistor. Swinging chokes improve regulation of
high voltage power supplies and prevent dc voltage from rising to the maximum peak ac rectifier input by
providing a swinging input reactance.

Specifications:

Inductance Ranges: .005 to 15H
DC Current Ranges: 10 Ma to 22.5A
Resistance Ranges: .06 to 3,500 Ohms

Case Type X Case Type U
SMOOTHING FILTER CHOKES

- Mounting |
Type Current Inductance** | Resistance | Case I:‘gfeds nepejpne i Wt

No. DC M/IA Henries Ohms Type | Connections | Used H w D Mw MD Lbs.
C-85X 10.0 1.5 70.0 X (1) Leads - 114 | 21/8 | 118 | 13/4 0.4|
C-1X 20.0 15.0 1000.0 X (1) Leads 13/16 J 21/16 | 11/4 13/4 - lf}.21I
C-3X 50.0 10.0 500.0 X (1) Leads - 158 J21316| 112 | 23/8 - D.GI
C-8X 75.0 7.0 240.0 X (1) Leads - 115/16 | 35/16 | 13/4 |2 13/16 1.0I
C-7X 90.0 10.0 270.0 X (1) Leads - 115/16] 3 5/16 2 213116 - 1.3I
C-14X 200.0 6.0 150.0 X (1) Leads 219/32 4 21/4 | 39116 - 2.;
C-24X 240.0 1.0 50.0 X(1) Leads 15/8 213116 11/2 238 - 0.75;
C-36X 300.0 0.5 30.0 X(1) Leads 13/8 23/8 11/2 2 - 0.;
C-17X 300.0 1.5 40.0 X (1) Leads 29/32 1311116 2 31/8 - 1.‘5I
C-40X 600.0 0.32 10.0 X (1) Leads - 115/16 ] 3 5/16 2 213116 - 1.3J
C-47U| 1.0A/2.0A 0.3/0.075* 3.010.75 U (2) Leads 31/2 27/18 |3316) 21/4 21116 d.ﬁl
C-56U 2.0 0.035 0.79 U (2) Lugs 21/4 2 5/8 2 23116 13/4 2.CII
C-49U | 5.0A/10.0A | 0.032/0.008" | 0.19/0.05 JU(2) Leads - 41/4 3112 35/8 2314 | 3116 B.OI
C-59U 12.5A 0.01 0.10 U (2) Lugs - 3172 41/8 3 37116 | 23/8 G.25I
C-80U § 20.0A/40.0A | 0.024/0.006* | 0.1/0.025 J U (7) Lugs - 55/16 | 49/16 | 51/2 234 4112 21.2_;
c-60U 22.5A 0.005 0.06 U (2) Lugs 334 4 11;2 4316 33/4 312 12.7;

* Split winding

** Inductance tolerance - 20% + 50%
Mounting hole sizes: (1)=3/16"

(2)=13/64 x 3/8"

(3)=9/32 x 1/12"



TECHNICAL NOTES:

1. Hi-pot tested at 1,500 VRMS.
2. Connections by leads or solder lugs.
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DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be

reasonably expected to result in a significant injury of the
user.

www_fairchildsemi.com
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MC78XX/LM78XX/MC78XXA

Ordering Information

Product Number

Output Voltage Tolerance

Package

Operating Temperature

LM7805CT

+4%

TO-220

0~+125°C

Product Number

Output Voltage Tolerance

Package

Operating Temperature

MC7805CT

MC7806CT

MC7808CT

MC7809CT

MC7810CT

MC7812CT

MC7815CT

MC7818CT

MC7824CT

MC7805CDT

MC7806CDT

MC7808CDT

MC7809CDT

MC7810CDT

MC7812CDT

+4%

TO-220

D-PAK

MC7805ACT

MC7806ACT

MC7808ACT

MC7809ACT

MC7810ACT

MC7812ACT

MC7815ACT

MC7818ACT

MC7824ACT

+2%

TO-220

0~+125°C
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Mechancal Dimensions (continued)
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Mechanical Dimensions
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TO-220

9.90 +0.20 4.50 +0.20
e (8.70) =
— 3 %
[=) 0.10
&l 8 23.60 0.10 g 1.30 2505
- — N | -~ *‘I
|
| ol o 3
& s g
o o @
SIS i GlL<
[=2] T | =) —
s S
= | o
|
i
() (1) (18
- -
. It (M
& =2 | | |
A = 11| | 8
8 i odl 2
o 1273010 [l |l 152010 o
- |i| T g
U U
0.80 10.10 0.50 7332 2.40 £0.20
2.54TYP 2.54TYP
[2.54 +0.20] [2.54 +0.20]
o )
o _omn on.__|
10.00 0.20

25



MC78XX/LM78XX/MC78XXA

T MC7815 TTO
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Figure 15. Split Power Supply ( £15V-1A)
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Figure 16. Negative Output Voltage Circuit
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Figure 17. Switching Regulator
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Input a1 BDS

A 38
Y

A1l 1 3 Output
6, g Gm—— MC78XOULMT78XX =——C
- IREG L

Tossr - T o1

Rym . Voen
Ineo-lor Bos

lo =lrec +Bar (laea-Veean/R1)

Figure 12. High Current Voltage Regulator
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Inputo—————
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- 3
- A g MCT78XOULMT7BXX O

30 Output
Tw P m.FT
Q1 =TIPa2 ‘
Q2 = TIP42
mn
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Figure 13. High Output Current with Short Circuit Protection

o—
-Vin TIPa2 -Vo

Figure 14. Tracking Voltage Regulator
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|npu|o—l_'.||cnxxn.maxx LI —0Output
(] 2 J—M!E Vi
0.33,F Q1F
[ @
l —i"
A

oL
m e

Figure 9. Constant Current Regulator

Notes:

(1) To specify an output voltage. substitute voltage value for "XX." A common ground is required between the input and the
Output voltage. The input voltage must remain typically 2.0V above the output voltage even during the low point on the input
ripple voltage.

(2) Ciis required if regulator is located an appreciable distance from power Supply filter.

(3) Co improves stability and transient response.

Input 4 z Output

N
i, ) ke

Vo = Vxx(1+R2/R1)+IQR2
Figure 10. Circuit for Increasing Output Voltage

Input i mcreos  |» Output
o LM7805 <
2

O 1.F

a = =
" 10k0 Co

7

IRI25 IQ

Vo = Vxx(1+R2/R1)+lqQR2
Figure 11. Adjustable Output Regulator (7 to 30V)
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Typical Applications

0
Input Output
2
] Ce :J.:
O33uF Q1F
m
Figure 5. DC Parameters
Y mcrexouLmM7axx
Input
2
e
O
m
Figure 6. Load Regulation
510 3
0- A \ MC78XX/LM78XX
Input i Output
A
Tw y
[, — 0
|
H,
120Hz
Figure 7. Ripple Rejection
Input

! |MC78X0ULM78XX “J-_o'-'}P'-"

c
'I'n.n..r

Co

-l-mf

Figure 8. Fixed Output Regulator
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Typical Perfomance Characteristics

Vi =y
Vo =5v
lo=5mA

&

L L

QUIESCENT CURRENT [mA}
&

ars

JUNCTION TEMPERATURE (*C)

Figure 1. Quiescent Current

123

Vi=Vo=5Y
lo=5mA

-28 [} E ] 50 ™ 100
JUNCTION TEMPERATURE (*C)

Figure 3. Output Voltage
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Figure 2. Peak Output Current
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lo= 10mA
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Figure 4. Quiescent Current
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MC78XOULM78)XOUMCTEXXA

Electrical Characteristics (MC7824A)
(Refer to the test circuits. 0°C < TJ < 125°C, lo =1A, V1= 33V, C 1=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
TJ=+25"C 235 | 24 | 245
Output Voltage Vo lo = 5mA to 1A, PO <15W v
Vi = 27.3V to 38V w M) B
Vi= 27V to 38V
o = 500mA = | 9B | 240
Line Regulation (Note1) Regline Vi= 21V to 33V - ) 240 _—
i VI= 26.7V to 38V - 18 | 240
TJ=+25"C !
Vi= 30V to 36V - 6 120
TJ=+25C
53 . 15 | 100
Load Regulation (Note1) < A lo =5mA to 1.5A -
9 10 = 5mA to 1.0A S 15 | 100
I0 = 250mA to 750mA E 7 50
Quiescent Current IQ Ti=+25"C - 52 | 6.0 mA
VI =27.3Vt0 38V, Ty =+25 C - - 0.8
Quiescent Current Change Alg Vi =27.3V to 38V, I0 = 500mA - - 0.8 mA
lo =5mA to 1.0A - - 0.5
Output Voltage Drift AVIAT | lo=5mA - -1.5 - |mvi'c
. f = 10Hz to 100KHz
Output Noise Voltage ,VN, TA=25°C - 10 - wiVo
) N f =120Hz, 10 = 500mA
Ripple Rejection RR V) = 28V to 38V - 54 - dB
Dropout Voltage VDrop | lo=1A,Ty=+25"C - 2.0 - Y]
Output Resistance ro f=1KHz - 20 - mQ
Short Circuit Current Isc Vi= 35V, TA =+25 C - 250 - mA
Peak Current IPK T)=+25"C - 2.3 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MCT78XX/LM78XX/MCT78XXA

Electrical Characteristics (MC7818A)
(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V| = 27V, C 1=0.33puF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
T)=+25C 1764 | 18 | 18.36
Output Voltage Vo lo = 5mA to 1A, PO <15W \
Vi = 21V to 33V 173 | 18 | 187
Vi= 21V to 33V
I0 = 500mA ol B
Line Reguiatlon (Note1) Reghne V|= 21V to 33V = 5 180 mv
e Vi= 20.8V to 33V - 15 180
TJ=+25 C
Vi= 24V to 30V - 5 90
TJ=+25C
3 - 15 | 100
Load Regulation (Note1) A lo = 5mA to 1.5A s
g 10 = 5mA to 1.0A S 15 | 100
I0 = 250mA to 750mA - R 50
Quiescent Current IQ Ty=+25C - 52 | 6.0 mA
Vi =21V to 33V, Ty=+25 C s - 0.8
Quiescent Current Change AlQ Vi =21V to 33V, lo = 500mA - - 0.8 mA
lo =5mAto 1.0A . . 0.5
Output Voltage Drift AVIAT | lo=5mA - -1.0 - |mvi'c
) f= 10Hz to 100KHz VAo
Qutput Noise Voltage VN TA =+25°C = 10 s
) L f = 120Hz, 10 = 500mA
Ripple Rejection RR V| = 22V to 32V - 57 - dB
Dropout Voltage VDrop | l0=1A, Ty=+25C - 2.0 [ v
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc V|= 35V, TA=+25C . 250 . mA
Peak Current IPK T)=+25 C = 22 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7815A)
(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V1 =23V, C |=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ty=+25C 147 | 15 | 153
Output Voltage Vo 0 = 5mA to 1A, Po <15W v
Vi = 17.7V to 30V 144 | 16 | 156
VI= 17.9V to 30V
0 = 500mA - | 10 ] 1%0
Line Regulation (Note1) Regline Vi= 20V to 26V _ 5 150 mv
. Vi= 17.5V v - 1 1
T =425°C 1 5V to 30 50
Vi= 20V to 26V - 3 75
TJ=+25C
" - 12 100
Load Regulation (Note1) O ad lo = 5mA to 1.5A -
9 I0 = 5mA to 1.0A . 12 | 100
I0 = 250mA to 750mA - 5 50
Quiescent Current IQ Ty=+25C . 5.2 6.0 mA
Vi=17.5Vto 30V, Ty=+25"C - - 0.8
Quiescent Current Change Alg V| = 17.5V to 30V, Io = 500mA - - 0.8 mA
10 = 5mA to 1.0A - - 0.5
Output Voltage Drift AVIAT | lo=5mA - -1.0 - mV/°'C
: f= 10Hz to 100KHz
Output Noise Voltage VN TA =425 °C - 10 - uwvio
. > = 120Hz, 10 = 500mA
Ripple Rejection RR V| = 18.5V to 28.5V - 58 - dB
Dropout Voltage VDrop | l0=1A,Ty=+25"C . 2.0 . Y,
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc | VI=36V,TA=+25"C - | 250 | - mA
Peak Current IPK TJ=+25C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7812A)
(Refer to the test circuits. 0°C < TJ < 125°C, lo =1A, V1= 19V, C 1=0.33uF, C 0=0.1pF, unless otherwise specified)

Conditions

Parameter Symbol Min. | Typ. | Max. | Unit
Ty=+25C 1.75 | 12 | 12.25
Output Voltage Vo I0 = 5mA to 1A, PO <15W v
Vi = 14.8V to 27V el Dl
Vi= 14.8V to 30V
10 = 500mA - | 10| 120
Line Regulation (Note1) Regline | VI= 16V to 22V . 4 | 120 | mv
S— Vi= 14.5V to 27V - 10 | 120
’ Vi= 16V to 22V ~ 1 3 | 60
TJ=+25C
N . 12 | 100
Load Regulation (Note1) € e PIOIRAD 107 o
eg 10 = 5mA to 1.0A . 12 | 100
10 = 250mA to 750mA . 5 50
Quiescent Current IQ TJ=+25C - 5.1 6.0 mA
Vi = 15V to 30V, TJ=+25 C . 0.8
Quiescent Current Change Alg Vi =14V to 27V, |0 = 500mA - 0.8 mA
0 = 5mAto 1.0A 3 0.5
Output Voltage Drift AV/IAT | lo=5mA <10 - |mvic
. f= 10Hz to 100KHz
Output Noise Voltage VN Ta =425°C - 10 - uVivo
o f=120Hz, 10 = 500mA
Ripple Rejection RR Vi = 14V to 24V - 60 - dB
Dropout Voltage VDrop | lo=1A Ty=+25C - | 20 - Y
Output Resistance ro f=1KHz - 18 - mQ
Short Circuit Current Isc Vi= 35V, TA =+25 C - 250 - mA
Peak Current IPK T)=+25C - 22 5 A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7810A)
(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V| = 16V, C 1=0.33yF, C 0=0.14F, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Ty=+25C 9.8 10 | 10.2
Output Voltage Vo 10 = 5mA to 1A, PO < 15W v
Vi =12.8V to 25V 98 | 10 | 104
Vi= 12.8V to 26V
10 = 500mA - & | e
Line Regulation (Note1) Regline | VI= 13V to 20V - 4] 50 | mv
. Vi= 12.5V to 25V - 8 100
TJ=+25"C
Vi= 13V to 20V . 3 50
Ty=+25C
3 . 12 100
Load Regulation (Note1) Botosd lo=5mAto 1.5A -
€9 10 = 5mA to 1.0A S 12 | 100
Io = 250mA to 750mA - 5 50
Quiescent Current la T)=+25C - 50 | 6.0 mA
Vi =13V 1o 26V, Ty=+25 C - - 0.5
Quiescent Current Change Alg Vi =12.8V to 25V, 10 = 500mA - - 0.8 mA
lo=5mAto1.0A N - 0.5
Output Voltage Drift AVIAT | lo=5mA - -1.0 - |mviC
. f = 10Hz to 100KHz pVNo
Output Noise Voltage VN Ta =425°C - 10 -
) L f = 120Hz, lo = 500mA
Ripple Rejection RR Vi = 14V to 24V - 62 - dB
Dropout Voltage VDrop | 10=1A Ty=+25C - 2.0 - Y,
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc Vi= 35V, TA=+25"C - 250 - mA
Peak Current IPK TJ=+25C = 24 . A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7809A)
(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V1= 15V, C 1=0.33puF, C 0=0.1uF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Ty=+25C 882 | 9.0 | 9.18
Output Voltage Vo 10 = 5mA to 1A, PO<15W ¥
Vi = 11.2V to 24V R0 20 | G
Vi= 11.7V to 25V
10 = 500mA -1 & | W
Line Regulation (Note1) Regline Vi= 12.5V to 19V - 4 45 mv
. Vi= 11.5V to 24V . 6 90
Ty=+25°C '
Vi=12.5V to 18V % 2 | 45
T)=+25C
N - 12 | 100
Load Regulation (Note1) R et lo = 5mA fo 1.0A =
€9 10 = 5mA to 1.0A - | 12 | 100
10 = 250mA to 750mA 5 5 50
Quiescent Current lQ Ty =+25 C . 50 | 6.0 mA
Vi =11.7Vto 25V, Ty=+25 C - | -] o8
Quiescent Current Change Alg Vi =12V to 25V, Io = 500mA - - 0.8 mA
o lo=5mAto 1.0A S - | o5
Output Voltage Drift AVIAT | lo=5mA W L0[\} [mwiC
Output Noise Voltage VN Er: lﬂgg o e L1 - | uvve
Ripple Rejection PR, 20 SRR aNe=|[f | o8
Dropout Voltage VDrop |10=1A Ty=+25"C - l20] - v
Output Resistance ro f=1KHz - W - mg
Short Circuit Current Isc Vi= 35V, TA=+25 C - {eso’ls - mA
Peak Current IPK TJ=+25C - 24 - A

Note:
1. Load and line regulation are specified at constant, junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7808A)
(Refer to the test circuits. 0°C < Ty < 125°C, lp =1A, V| = 14V, C 1=0.33uF, C 0=0.1uF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Ty=+25°C 784 | 8 8.16
Output Voltage Vo lo = 5mA to 1A, PO <15W 77 | 8 8.3 v
Vi =10.6V to 23V ’
Vi= 10.6V to 25V
|c; = 500mA ) 6 &0
Line Regulation (Note1) Regline | Vi= 11V 1o 17V R 3 80 mv
T)=+25°C Vi= 10.4V to 23V - 6 80
Vi= 11V to 17V - 2 40
TJ=+25°C
Load Regulation (Note1) Csaid lo=5mAto 1.5A 12 100 o
lo=5mAto 1A - 12 100
lo = 250mA to 750mA . 5 50
Quiescent Current o TJ=+25°C - 5.0 6 mA
lo=5mAto 1A : - 0.5
Quiescent Current Change Alg V1 =11V to 25V, 10 = 500mA - - 0.8 mA
Vi= 10.6V to 23V, Ty =+25°C - - 0.8
Output Voltage Drift AVIAT | lo=5mA - |08 - [mwe°C
Output Noise Voltage VA Ry Ard- < aagal - 10| - |uvwo
Ripple Rejection RR 1\‘/;:::1!(1)”52\1 oA -l e | - | e
Dropout Voltage VDrop | l0=1A,T)=+25°C - 2 - v
Output Resistance ro f=1KHz - 18 - mQ
Short Circuit Current Isc Vi= 35V, TA=+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 22 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MCT78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7806A)
(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V1 =11V, C 1=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
TJ=+25°C 5.58 6 6.12
Output Voltage Vo lo = 5mA to 1A, PO < 15W v
Vi = 8.6V to 21V 876 ] & | 624
V|= 8.6V to 25V
0 = 500mA 18 |®
Line Regulation (Note1) Regline Vi= 9V to 13V _ 3 60 mv
= 8. v - 5 6
Ty=4250C V|=8.3Vto2 0
Vi= 9V to 13V - 1.5 30
= 0
s :+52an? 1.5A Wl L
Load Regulation (Note1) & iona o= QL mv
€9 10 = 5mA to 1A - | 4 | 100
lo = 250mA to 750mA - 5.0 50
Quiescent Current IQ TJ=+25°C - 4.3 6 mA
10 =5mAto 1A - - 0.5
Quiescent Current Change AlQ Vi =9V to 25V, 10 = 500mA - - 0.8 mA
Vi= 8.5V to 21V, Ty =+25°C - - 0.8
Output Voltage Drift AV/AT | lo=5mA - | -0.8 - | mw/°C
. f= 10Hz to 100KHz
Output Noise Voltage , VN TA =+25 °C - 10 - uVNo
. L f = 120Hz, Io = 500mA
Ripple Rejection RR Vi = 9V to 19V - 65 - dB
Dropout Voltage Vorop | l0=1A, Ty=+25°C - 2 - Vv
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc V|= 35V, TA =+25°C - 250 - mA
Peak Current IPK Ty=+25°C 7 7 - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7805A)
(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V1 = 10V, C 1=0.33puF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ty=+25°C 49 5 5.1
Output Voltage Vo lo = 5mA to 1A, PO < 15W 48 5 5.2 v
VI =7.5Vto 20V ’ ’
Vi =7.5Vto 25V
o = 500mA - 5 | e
Line Regulation (Note1) Regline | VI=8Vto 12V - 3 50 mv
Vi= 7.3V to 20V - 5
T)=+26°C |- ez 2
Vi= 8V to 12V - 15 25
Ty =+250
- IJ=5an?o15A . ¢ £
Load Regulation (Note1) | oo o : / mvV
pe lo=5mAto 1A - 9 | 100
lo = 250mA to 750mA - 4 50
Quiescent Current la Ty=+25°C - | 50 6 mA
. lo = 5mA to 1A - - 0.5
g,‘:::;:'“ Elrant Alg | Vi=8Vto 25V, Io = 500mA " - | 08 | mA
Vi=7.5Vto 20V, T)=+25°C - - 0.8
Output Voltage Drift AVIAT lo = 5mA - -0.8 - mv/°C
, f = 10Hz to 100KHz
Output Noise Voltage VN TA =+25°C - 10 B uVio
: S f=120Hz, 10 = 500mA
Ripple Rejection RR Vi = 8V to 18V | : - 68 - dB
Dropout Voltage Vorop | l0o=1A Ty=+25°C - 2 - Vv
Output Resistance . ro f=1KHz - 17 - mQ
Short Circuit Current Isc Vi= 35V, TA =+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MCT78XXA

Electrical Characteristics (MC7824)
(Refer to test circuit ,0°C < Ty < 125°C, 10 = 500mA, V| =33V, Ci= 0.33uF, Co=0.1pF, unless otherwise specified)

MC7824
Parameter Symbol Conditions Unit
Min. | Typ. | Max.
Ty=+25°C 23 | 24 | 25
Output Voltage VO |50mA<io<1.0A Po<15W v
V| =27V to 38V 228 | 24 |25.25
Line Regulation (Note1) Regline | Ty=+250¢ | =27V10 38V il LA ol ey
Vi = 30V to 36V - 6 240
, J— lo=5mA to 1.5A - | 15 | 480
Load Regulation (Note1) Regload | Ty=+25°C I = 250mA 1o 750mA . 50 | 240 mV
Quiescent Current fo) TJ=+25°C - 52| 80 | mA
) Io =5mA to 1.0A - 01| 05
Quiescent Current Change AlQ VIS 27V 1o 38V 2 05 ] mA
Output Voltage Drift AVOIAT | 10 =5mA - -1.5| - |mw/°C
Output Noise Voltage VN f=10Hz to 100KHz, TA=+25°C - 60 - | pWWNo
Ripple Rejection LR {,T:zzgczto ol 50 | 67 | - | dB
Dropout Voltage VDrop | 10 = 1A, Ty=+25°C - 2 - Vv
Output Resistance ro f=1KHz - 28 - mQ
Short Circuit Current Isc | VI=35V, Ta=+25°C - 230 - mA
Peak Current IPK | Ty=+25°C - P2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MCT8XXA

Electrical Characteristics (MC7818)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, Vi =27V, Ci= 0.33uF, Co=0.1puF, unless otherwise specified)

MC7818

Parameter Symbol Conditions Unit
Min. | Typ. | Max.
TJ=+25°C 17.3 | 18 | 18.7
Output Voltage Vo 5.0mA <lo <1.0A, PO <15W v
Vi=21V to 33V 171 | 18 | 18.9
Vi =21V to 33V - 15 | 360
Line Regulation (Note1) Regline | Ty =+25°C ’ mvV
VI = 24V to 30V - 5 180
o =5mAto 1.5A - 15 | 360
Load Regulation (Note1 Regload | Ty=+252 \
SRS X aon (Nom ) oec L - I0=250mAto750mA | - | 50 | 180 |
Quiescent Current o Ty=+25°C - 52 | 80 [ -mA
0o =5mAto 1.0A - - 0.5
uiescent Current Change Al mA
Q u ; Q@ =21Vt 33V N - |}
Output Voltage Drift AVOIAT | 10 = 5mA - cl - |mwec
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 110 - uVNo
; - f=120Hz
Ripple Rejection RR Vi = 22V to 32V 53 69 - dB
Dropout Voltage VDrop | l0=1A, Ty=+25°C - ”) - Vv
Output Resistance ro f=1KHz - 22 - mQ
Short Circuit Current Isc Vi =35V, TaA=+25°C > 250 - mA
Peak Current Pk | Tu=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MCT8XXA

Electrical Characteristics (MC7815)
(Refer to test circuit ,0°C < Ty < 125°C, 10 = 500mA, Vi =23V, Ci= 0.33uF, Co=0.1yF, unless otherwise specified)

Parameter Symbol Conditions ol Unit
Min. | Typ. | Max.
TJ=+25°C 14.4 16 15.6
Output Voltage Vo 5.0mA <10 <1.0A, PO < 15W v
Vi=17.5V to 30V 14.25 15 | 15.75
Line Regulation (Note1) Regline | Ty=+25°C |- 1/-VioV I LU ...
V| =20V to 26V - 3 150
lo = 5mA to 1.5A - 12 300
Load Regulation (Note1) Regload | Ty=+25°C lo = 250mA to i 4 150 mV
750mA
Quiescent Current la Ty=+25°C - 52 8.0 mA
. 10 =5mA to 1.0A - - 0.5
Quiescent Current Change AlQ Vi= 176V 030V ; 3 0 mA
Output Voltage Drift AVO/AT | l0=5mA - -1 - |mwvi°C
Output Noise Voltage VN f= 10Hz to 100KHz, TA =+25°C - 90 - uVANo
Ripple Rejection RR {,T: oA 54 | 70| - | a8
Dropout Voltage VDrop | 10 =1A, Ty=+25°C - 2 - \"
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc | Vi=35V, Ta=+25°C - 250 | - mA
Peak Current IPK Ty=+25°C - 22 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MCT78)XXULM78XX/MC78XXA

Electrical Characteristics (MC7812)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, VI =19V, C|= 0.33pF, Co=0.1pF, unless otherwise specified)

s ¢ MC7812
Parameter ymbol onditions Min. [ Typ. | Max. Unit
Ty=+25°C 115 | 12 | 125
Output Voitage VO | 5.0mA <10<1.0A, Po<15W v
V| =14.5V to 27V 114 | 12 (126
Line Regulation (Notet) | Regiine | Ty=+25°C  |-o—1eoVIo30V © 110249y
Vi =16V to 22V - 3.0 | 120
. lo =5mA to 1.5A - 11 | 240
Load Regulation (Note1) Regload | Ty =+25°C o= 25omA B TE0mA |- TRAK mV
Quiescent Current IQ TJ=+25°C - 51| 8.0 mA
o =5mAto 1.0A - 01 | 05
Quiescent Current Change AlQ Vi= 145V 0 30V _ TART mA
Output Voltage Drift AVO/AT | 10 = 5mA - -1 - | mwvi°C
Output Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 76 - | nWAVo
Ripple Rejection 5 0 T 56 | 71| - | dB
Dropout Voltage VDrop | l0=1A, Ty=+25°C - 2 - \"
Output Resistance ro f=1KHz - 18 - mQ
Short Circuit Current Isc Vi =35V, TA=+25°C - (230 - mA
Peak Current Pk | Ty=+25°C ’ - l22] - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MCT78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7810)
(Refer to test circuit ,0°C< Ty < 125°C, lo = 500mA, V| =18V, Ci= 0.33uF, C0=0.1uF, unless otherwise specified)

MC7810

Parameter Symbol Conditions Min. | Typ. | Max. Unit
TJ=+25°C 9.6 10 104
Output Voitage VO | 5.0mA <10<1.0A, PO <15W v
Vi =125V to 25V 9.5 10 | 10.5
_ ' Vi =125V to 25V . 10 | 200
Line Regulation (Note1) Regline | Ty =+25°C mV
V| = 13V to 25V - 3 100
. . lo=5mAto 1.5A - 12 | 200
Load Regulation (Note1) Regload | Ty =+25°C 1 = 250mA to 750mA = 2 200 mV
Quiescent Current la TJ =+25°C - 5.1 8.0 mA
Quiescent Current Change AlQ 10 ™5 - i = mA
Vi=12.5V to 29V - - 1.0
Output Voltage Drift AVO/AT | 10 = 5mA - -1 - |mvrc
Output Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 58 - | nWWANo
Ripple Rejection KR S s6 | 71| - | B
Dropout Voltage VDrop | lO=1A, TJ=+25°C B 2 - \'
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc Vi =35V, Ta=+25°C - 250 - mA
Peak Current IPK Ty=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MCT8XXA

Electrical Characteristics (MC7809)
(Refer to test circuit ,0°C < Ty < 125°C, Io = 500mA, Vi =15V, Ci= 0.33uF, Co= 0.1uF, unless otherwise specified)

MC7809

Parameter Symbol Conditions Unit
Min. | Typ. | Max.
TJ =+25°C 8.65 9 9.35
Output Voltage VO | 5.0mA<I0<1.0A, PO <15W v
Vi= 11.5V to 24V 8.6 9 9.4
Line Regulation (Note1) Regline | TJ=+25°C bl o : e mV
Vi=12Vto 17V - 2 90
. . lo =5mAto 1.5A - 12 180
Load Regulation (Note1) Regload | Ty=+25°C 10 = 250mA 10 750mA . i 90 mV
Quiescent Current la Ty=+25°C - 50 | 80 mA
Quiescent Current Change |  AlQ oS blh . . e mA
Vi=11.5V to 26V - - 13
Output Voltage Drift AVO/AT | lo=5mA - -1 - |mvi°C
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 58 - | nWWNo
Ripple Rejection RR {I | :ﬁgf\-:zw i 56 71 ) dB
Dropout Voltage VDrop | 10 = 1A, TJ=+25°C - 2 - v
Output Resistance ro |f=1KHz 3 17 . mQ
Short Circuit Current Isc V= 35V, TA =+25°C - 250 - mA
Peak Current IPK TJ= +25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MCT78XXA

Electrical Characteristics (MC7808)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, Vi =14V, Ci= 0.33uF, Co= 0.1pF, unless otherwise specified)

MC7808
Parameter Symbol Conditions Unit
Min. | Typ. | Max.
TJ=+25°C 77 | 80 | 83
Output Voltage Vo 50mA < lo £ 1.0A, PO < 15W v
Vi=10.5V to 23V 76 | 80 | 84
_ _ _ o, Vi = 10.5V to 25V - | 50| 160
Line Regulation (Note1) Regline | Ty=+25°C Vi= 115Vio 17V : 50 | 80 mV
. lo=5.0mAto 1.5A - 10 | 160
Load Regulation (Note1) Regload | Ty=+25°C io= 250mA 1o 750mA |- 501 80 mV
Quiescent Current la Ty=+25°C - 50 | 8.0 | mA
I0=5mAto 1.0A - 0.05| 0.5
Quiescent Current Change AlQ Vi= 10.5A 16 25V . 55 1 10 mA
Output Voltage Drift AVO/AT | lo=5mA - -0.8 - |mwec
Output Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 52 - | pviVo
Ripple Rejection RR f=120Hz, VI= 11.5V to 21.5V 56 | 73 - dB
Dropout Voltage VDrop | lo=1A, Ty=+25°C - 2 - Vv
Output Resistance o | f= 1KHz - 17| - | ma
Short Circuit Current Isc V= 35V, TA =+25°C - 230 - mA
Peak Current ’ IPK | Ty=+25°C 3 2211} A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7806)
(Refer to test circuit ,0°C < Ty < 125°C, 1o = 500mA, V| =11V, C|= 0.33uF, Co= 0.1uF, unless otherwise specified)

Parameter Symbol Conditions e Unit
y Min. | Typ. | Max.
TJ=+25°C 5.75 6.0 | 6.25
Output Voltage Vo 5.0mA < 10 < 1.0A, PO < 15W v
Vi =8.0Vto 21V 5.7 6.0 6.3
Vi = 8V to 25V - 5 120
Line Regulation (Note1 Regline | Ty=+25°C mV
" (o) 9 J Vi=9Vto 13V = | 15 | 80
l0 =5mA to 1.5A E 9 120
|ati =+25 9
Load Regulation (Note1) Regload | Ty 5°C Io =250mA to750A = 3 80 mV
Quiescent Current fo] TJ=+25°C - 50 8.0 mA
lo=5mAto 1A - - 0.5
uiescent Current Change Al mA
“ v ng Q Vi=8vto2sv - T 13
Output Voltage Drift AVOI/AT | 10 =5mA - -0.8 - mv/°C
Output Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 45 - uVANVo
i N f=120Hz ;
Ripple Rejection RR Vi =9V o 19V 59 75 - dB
Dropout Voltage VDrop | l0=1A, Ty=+256°C - 2 - Vv
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc Vi= 35V, TA=+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




MC78XX/LM78XX/MC78XXA

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage (for Vo = 5V to 18V) Vi 35 Vv
(for Vo = 24V) Vi 40 \)
Thermal Resistance Junction-Cases (TO-220) ReJc 5 °cw
Thermal Resistance Junction-Air (TO-220) ReJA 65 °c/w
Operating Temperature Range TOPR 0~+125 °c
Storage Temperature Range TSTG -85 ~ +150 °C

Electrical Characteristics (MC7805/LM7805)
(Refer to test circuit ,0°C < Ty < 125°C, 10 = 500mA, Vi = 10V, Ci= 0.33uF, Co= 0.1uF, unless otherwise specified)

MC7805/LM7805
Parameter Symbol Conditions Unit
Min. | Typ. | Max.
TJ=+25°C 4.8 5.0 5.2
Output Voltage VO | 5.0mA <o < 1.0A PO < 15W v
Vi=7Vto 20V 475 5.0 5.25
. ) - Vo =7V to 25V - 4.0 100
Line Regulation (Note1) Regline | Ty=+25°C Vi=8Vio 12V = 0 %0 mV
10 = 5.0mA to1.5A - 9 100
Load Regulation (Note1) Regload | Ty=+25°C 10 =250mA to mV
750mA "o =11T
Quiescent Current IQ Ty =+25°C - 50 | 8.0 mA
) 0 =5mAto 1.0A - 003 | 05
Quiescent Current Change AlQ Vi= 7V 1o 25V 5 03 13 mA
Output Voltage Drift AVOIAT | lo=5mA - -0.8 - | mw°C
Output Noise Voltage VN f = 10Hz to 100KHz, TA=+25°C - 42 - uVAo
Ripple Rejection BV | v 62 | 73 | - | B
Dropout Voltage VDrop | l0=1A, Ty=+25°C - 2 - Vv
Output Resistance ro f=1KHz - 15 - mQ
Short Circuit Current Isc Vi =35V, TA=+25°C - 230 - mA
Peak Current IPK T)=+25°C - 22 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vi due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XX/MC78XXA
3-Terminal 1A Positive Voltage Regulator

Features

* Output Current up to 1A

* Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V
* Thermal Overload Protection

* Short Circuit Protection

* Output Transistor Safe Operating Area Protection

Internal Block Digram

Description

The MC78XX/LM78XX/MC78XXA series of three
terminal positive regulators are available in the
TO-220/D-PAK package and with several fixed output
voltages, making them useful in a wide range of
applications. Each type employs internal current limiting,
thermal shut down and safe operating area protection,
making it essentially indestructible. If adequate heat sinking
is provided, they can deliver over 1A output current.
Although designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable voltages and currents.

TO-220

1. Input 2. GND 3. Output

INPUT BERIES OuUTPUT
O PASS O
1 ELEMENT 3
CURRENT BSOA
GENERATOR PROTECTION ‘?
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPLIFIER
j-
THERMAL o
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anND
o 4
2
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Features

m Multiturn / Cermet / Industrial / Sealed
m 5 terminal styles

m Tape and reel packaging available

m Chevron seal design

m Listed on the QPL for style RJ24 per
MIL-R-22097 and RJR24 per High-Rel
Mil-R-39035

® Mounting hardware available
(H-117P)

m Lead free version available

BOURNS® 3296 - 3/8 " Square Trimming Potentiometer

Electrical Characteristics

Standard Resistance Range

........................ 10 ohms to 2 megohms
(see standard resistance table)
Resistance Tolerance.............£10 % std.
(tighter tolerance available)

Absolute Minimum Resistance
.............................. 1 % or 2 ohms max.
(whichever is greater)

Contact Resistance Variation
........................... 1.0 % or 3 ohms max.
(whichever is greater)
Adjustability
o e —— A +0.01 %
ROSIBtANCS .......ccivoueicnnendibosblosss +0.05 %
ROBOIUION. ...oiivessicissisiivalpsnitsssnmat Infinite
Insulation Resistance ................ 500 vdec
1,000 megohms min.
Dielectric Strength
Sea Level................. L0 .08 900 vac
70,000 Feet.........cocovreienenrmnnanns 350 vac
Effective Travel.................. 25 turns nom.
Environmental Characteristics
Power Rating (300 volts max.)
yi 1 5 o —— ).
125 %6 issisiisisivnisissis i iBssvssics
Temperature Range

.................................. -55 °C to +150 °C
Temperature Coefficient ....+100 ppm/°C

Seal Test .....ccccoeevevernnnes 85 °C Fluorinert*
Humidity......... MIL-STD-202 Method 103
96 hours

(2 % ATR, 10 Megohms IR)
Vibration.........20 G (1 % ATR; 1 % AVR)
Shock...........100 G (1 % ATR; 1 % AVR)
Load Life

............... 1,000 hours 0.5 watt @ 70 °C
(3 % ATR; 3 % or 3 ohms,
whichever is greater, CRV)

Rotational Life........c.cccccrnvenenn. 200 cycles
(4 % ATR; 3 % or 3 ohms,
whichever is greater, CRV)

Physical Characteristics
j (o v |- S———— 3.0 0z-in. max.

........................... Manufacturer's
trademark, resistance code,
wiring diagram, date code,
manufacturer's model

number and style

Standard Packaging .....50 pcs. per tube

*"FLUORINERT" IS A REGISTERED TRADEMARK OF 3M CO.

Specifications are subject to change without notice.

Common Dimensions
483 + 13

6.4021.32 1003
(.252 + 052) (.395)

38 S 152 483« .13

(o1g MV | = I [' {060) (1190 = .005)

Enki
. s Pl N
2 _J A,

0.1
254 ADJ. SLOT (.050 = .004)
(i00) Gotey O
51+.03 56
(520s ‘M)Dl& X (? WIDE
X (030) DEEP
3206P

3208Y (Commercial Only) 1.14

WIPER

CLOCKWISE ———

% TOLERANCES: + 0.25 (.010) EXCEPT WHERE NOTED
ARgy 241 .MM
: _[(_1 v~ (o DIMENSIONS ARE: — o
: n
‘-‘% Standard Resistance Table

Resistance Resistance
3206X 254 (Ohms) Code
{i00) 10 100
=10 : &
50 500
€) ﬂ 100 101
28 O55 4 50 801
2,000 202
5,000 502
O Drde 20,000
3206 W- 1 - 103 LF 25,000 253
] 50, 503
Model 100%0 104
i 250,000 254
Standard or Modified 500,000 504
Product Indicator 1,000,000 105
-1 = Standard Product 2,000,000 205

Resistance Code

Packaging Designator
Blank = Tube (Standard)
R = Tape and Reel (X and W Pin Styles

Only)
A= Ammo Pack (X and W Pin Styles Only)

Terminations
LF = 100 % Tin-plated (lead free)
Blank = 90 % Tin / 10 % Lead-plated

Consult factory for other available options.

Customers should verify actual device performance in their specific applications.

Popular values listed in boldface. Special
resistances available.



3296 - 3/8 ” Square Trimming Potentiometer
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12.7 + 0.3/ - 0.25
500 +
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(.157 £ .001)
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TOP ADJUST
3296W-1
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{INCHES) AL w7 LS {020+ 002)

1000/REEL/BOX “m)

1000/REEL/BOX

Meets EIA Specification 468.

REV. 06/04

Specifications are subject to change without notice.
Customers should verify actual device performance in their specific applications.



Model 3296

Bourns® Trimming Potentiometer

Electrical Characteristics
Standard Resistance Range
.............................. 10 to 5 megohms
(see standard resistance table)
Resistance Tolerance .......... +10% std.

(tighter tolerance available)
= ute Minimum Resistance
| ssassansemsnsassasnasecanse 1% or 2 ohms max.

, {whichever is greater)
Contact Resistance Variation
........................ } u?h% or 3 ohms m:.,x.
ichever is grea
Adjustability

NI L e e ersseiassasnaisas gl +0.01%

Insulation Resistance ............. 500 vde.
1,000 megohms min.
Dielectric Strength

Environmental Characteristics
Power Rating {300 volts max.)
B 1280 i et o T s a3 0 watt
Temperature Range
................................ -55°C to +125°C
Temperature Coefficient 2
Seal Test...........ccccvneee. 85°C Fluorinert™
Humidity ..... MIL-STD-202 Method 103
(2% ATR, 10 Meg%tewnm‘i"s
ATR, s
Vibration ........ 20G (1% ATR; 1% szi
Shock .......... 100G (1% ATR; 1% AVR
Load Life
.......... ..1,000 hours 0.5 watt @ 70°C
(3% ATR; 3% or 3 ohms,

whichever is greater, CRV)
Rotational Lifa...................... 200 cycles
{4% ATR; 3% or 3 ohms,
whichever is greater, C
®hysical Characteristics
Tt . i .. 3.0 0z-in. max.
Mechanical Stops .............. Wiper idles
Terminals .......
Weight .......
Marking...... : .M :
trademnark, resistance code.
wiring diagram, date code,
manufacturer's model
number and style

Standard Packaging .. 50 pcs. per tube
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Special resistances zvaladle from 10 ohms 10 §
meagohms.

HOW TO ORDER
3206 W -1 - 103

Moasl

Style

Standard or Modified
Product indicator

-1 = Standard Product

-11 « 5% Resstance Tolerance

Resistance Code

Consult factory for other availlable oplions.
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Features

+ This device is designed as a general purpose amplifier and switch.
* The useful dynamic range extends to 100 mA as a switch and to 100 MHz as an amplifier.

PZT3904

2N3904

&,

MMBT3904

TO-92 SOT-23

EBC Mark:1A

Absolute Maximum Ratings* T, = 25°C unless otherwise noted

Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 40 \"
Veeo Collector-Base Voltage 60 Vv
VEBO Emitter-Base Voltage 6.0 v

Ic Collector Current - Continuous 200 mA
T, T,,ﬂ Operating and Storage Junction Temperature Range -55 to +150 °C

* These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.
NOTES:
1) These ratings are based on a maximum junction temperature of 150 degrees C.

2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle
operations.

Thermal Characteristics T, = 25°C unless otherwise noted

Joylidwy asodind |esauas) NdN — ¥06€1Zd / Y06SLENIN / FO6ENZ

2N3904 / MMBT3904 / PZT3904 Rev. BO

Max.
Symbol Parameter Units
2N3904 *MMBT3904 | “PZT3904
P Total Device Dissipation 625 350 1,000 mwW
D Derate above 25°C 5.0 28 8.0 mW/°C
Reyc Thermal Resistance, Junction to Case 83.3 °C/W
Reua Thermal Resistance, Junction to Ambient 200 357 125 °C/W
* Device mounted on FR-4 PCB 1.6" X 1.6" X 0.06".
** Device mounted on FR-4 PCB 36 mm X 18 mm X 1.5 mm; mounting pad for the collector lead min. 6 cm?.
© 2011 Fairchild Semiconductor Corporation www.fairchildsemi.com



Electrical Characteristics T, =25°C unless otherwise noted
Symbol | Parameter | Test Condition Min. | Max. | Units
OFF CHARACTERISTICS
V(BR)CEO Collector-Emitter Breakdown Voltage 'C =1.0mA, IB =0 40 \"
Viriceso | Collector-Base Breakdown Voltage  |Ic = 10uA, Ig=0 60 Vv
Vierieso | Emitter-Base Breakdown Voltage le=10pA, Ic=0 6.0 \
IaL Base Cutoff Current Ve =30V, Vgg = 3V 50 nA
lcex Collector Cutoff Current Veg =30V, Vgg = 3V 50 nA
ON CHARACTERISTICS*
hee DC Current Gain Il =0.1mA, Vg = 1.0V 40
lc =1.0mA, VCE =1.0v 70
Ic = 10mA, Vg = 1.0V 100 300
Ig = 50mA, Vg = 1.0V 60
Ic = 100mA, Vg = 1.0V 30
VCE(sat) Collector-Emitter Saturation Voltage |Ic = 10mA, Ig = 1.0mA 0.2 A
lc = 50mA, Ig = 5.0mA 0.3 Vv
VBE(sat) Base-Emitter Saturation Voltage lc = 10mA, lg = 1.0mA 0.65 0.85 v
Ic = 50mA, Ig = 5.0mA 0.95 v
SMALL SIGNAL CHARACTERISTICS '
fr Current Gain - Bandwidth Product Ic = 10mA, Vg = 20V, 300 MHz
f=100MHz
Cobo Output Capacitance Veg = 5.0V, Ig =0, 4.0 pF
f=1.0MHz
Cibo Input Capacitance Veg =0.5V, I =0, 8.0 pF
f=1.0MHz
NF Noise Figure Ic = 1004A, Vce = 5.0V, 5.0 dB
Rs =1.0kQ,
f=10Hz to 15.7kHz
SWITCHING CHARACTERISTICS
tq Delay Time Vee =3.0V, Vge = 0.5V 35 ns
k& Rise Time lc = 10mA, Ig; = 1.0mA 35 ns
tg Storage Time Vee = 3.0V, Ig = 10mA, 200 ns
t Fall Time Ig1 = lg2 = 1.0mA 50 ns
* Pulse Test: Pulse Width < 300us, Duty Cycle < 2.0%
Ordering Information
Part Number Marking Package Packing Method Pack Qty
2N3904BU 2N3904 TO-92 BULK 10000
2N3904TA 2N3904 TO-92 AMMO 2000
2N3904TAR 2N3904 TO-92 AMMO 2000
2N3904TF 2N3904 TO-92 TAPE REEL 2000
2N3904TFR 2N3904 TO-92 TAPE REEL 2000
MMBT3904 1A SOT-23 TAPE REEL 3000
MMBT3904_D87Z 1A SOT-23 TAPE REEL 10000
PZT3904 3904 SOT-223 TAPE REEL 2500
© 2011 Fairchild Semiconductor Corporation www_fairchildsemi.com

2N39804 / MMBT3904 / PZT3904 Rev. BO
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Typical Pe

rformance Characteristics

Typical Pulsed Current Gain
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Typical Performance Characteristics (continued)

Noise Figure vs Frequency Noise Figure vs Source Resistance
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Storage Time vs Collector Current
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Typical Performance Characteristics (continued)

Fall Time vs Collector Current
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Test Circuits
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FIGURE 1: Delay and Rise Time Equivalent Test Circuit
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FIGURE 2: Storage and Fall Time Equivalent Test Circuit
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SEMICONDUCTOR*

TRADEMARKS

2Cool™
AccuPower™
Auto-SPM™
AX-CAP™*

BitSIC®

Build it Now™
CorePLUS™
CorePOWER™
CROSSVOLT™
CTL™

Current Transfer Logic™
DEUXPEED®

Dual Cool™
EcoSPARK®
EfficientMax™
ESBC™

Fairchild®

Fairchild Semiconductor®
FACT Quiet Series™
FACT®

FAST®

FastvCore™

FETBench™
FlashWriter®

FPS™ PDP SPM™
F-PFS™ Power-SPM™
FRFET® PowerTrench®
Global Power Resource™ PowerXS™
Green FPS™ Progrunmd)b Active mﬂ
Green FPS™ e-Series™ QFET®
Gmax™ as™
GTO™ Quiet Series™
Int’l"mx'r‘ Ramcmﬁﬂumm
ISOPLANAR™ -
Making Small Speakers Sound Louder  gzuing our world, 1mWIWKW at a time™
and Better™ N
im SignalWise
MegaBuck SmartMax™
MICROCOUPLER™ SMART START™
MicroFET™
sPM®
MicroPak™ STEALTH™
MicroPak2™ SuperFET®
MillerDrive™ SuperSOT™3
MotionMax™ SuperSOT™-8
Motion-SPM™ SuperSOT™-8
mWSaver™ SupreMOS®
OptoHIT™ SyncFET™
OPTOLOGIC Sync-Lock™
OPTOPLANAR® SYSTEM
EGENERN."

* Trademarks of System General Corporation, used under license by Fairchild Semiconductor.

The following includes registered and unregistered trademarks and service marks, owned by Fairchild Semiconductor and/or its global subsidiaries, and is not
intended to be an exhaustive list of all such trademarks.

The Power Franchise®

the
oo
TinyBoost™
TinyBuck™
TinyCalc™
TinyLogic®
TINYOPTO™
TinyPower™
TinyPWM™
TinyWire™
Tmc’
TriFault Detect™
TRUECURRENT®*

uSerDes™

-

Ultra FRFET™
UniFET™
VCX™
VisualMax™
VoltagePlus™
Xs™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE
RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD'S WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN,
WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

As used herein:

1. Life support devices or systems are devices or systems which, (a)
are intended for surgical implant into the body or (b) support or
sustain life, and (c) whose failure to perform when properly used in
accordance with instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the user.

safety or effectiveness.

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

2. A critical component in any component of a life support, device, or
system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its

Fairchild Semiconductor

parts. Customers who

may arise. Fairchiid will not provide any

ANTI-COUNTERFEITING POLICY

Anti-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our extemal website,

Corporation's
www.fairchildsemi.com, under Sales Support.
Counterfeiting of semiconductor parts is a growing problem in the industry. umdmmmmmmdw

counterfeit performance, failed

parts experience many problems such as loss of brand reputation, substandard

inadvertently purchase

applications, and increased cost of production and manufacturing delays. wnmmmbmmmemm
proliferation of counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directly from Fairchild or from Authorized Fairchild
Distributors who are listed by country on our web page cited above. Products customers buy either from Fairchild directly or from Authorized Fairchild Distributors
are genuine parts, have full traceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date
technical and product information. Fairchild and our Authorized Distributors will stand behind all warranties and will appropriately address any warranty issues that

wamanty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to combat this
global problem and encourage our customers to do their part in stopping this practice by buying direct or from authorized distributors.

Definition of Terms

PRODUCT STATUS DEFINITIONS

Datasheet Identification

Product Status

Definition

Advance Information

Formative / In Design

Dataheetcomnmsﬁuduignspedﬂamfapmdmtmt Specifications may change

in any manner without notice.

Datasheet contains prollmlnaty data; supplementary data will be published at a later date. Fairchild

TRy First Production | gomiconductor reserves the right to make changes at any time without notice to improve design.
Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make
N idenifiosion Neaded Full Prosuction changes at any time without notice to improve the design.
Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor.
Obeolele Not In Production | 11,6 yatasheet is for reference information only.
Rev. I57
© Fairchild Semiconductor Corporation www.fairchildsemi.com
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LM1577/LM2577 SIMPLE SWITCHER® Step-Up Voltage Regulator

Check for Samples: LM1577, LM2577

FEATURES

* Requires Few External Components

* NPN Output Switches 3.0A, can Stand off 65V
* Wide Input Voltage Range: 3.5V to 40V

* Current-mode Operation for Improved
Transient Response, Line Regulation, and
Current Limit

* 52 kHz Internal Oscillator

» Soft-start Function Reduces In-rush Current
During Start-up

* Output Switch Protected by Current Limit,
Under-voltage Lockout, and Thermal
Shutdown

TYPICAL APPLICATIONS

* Simple Boost Regulator
* Flyback and Forward Regulators
* Multiple-output Regulator

Connection Diagrams

Gnd 5= Vin
4= Switch
3~ Ground
2~ Feedback

1= Comp

Figure 1. 5-Lead (Straigl;t Leads) TO-220 (T) - Top
ew
See Package Number KC

A

SIMPLE SWITCHER is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

DESCRIPTION

The LM1577/LM2577 are monolithic integrated
circuits that provide all of the power and control
functions for step-up (boost), flyback, and forward
converter switching regulators. The device s
available in three different output voltage versions:
12V, 15V, and adjustable.

Requiring a minimum number of extemal
components, these regulators are cost effective, and
simple to use. Listed in this data sheet are a family of
standard inductors and flyback transformers designed
to work with these switching regulators.

Included on the chip is a 3.0A NPN switch and its
associated protection circuitry, consisting of current
and thermal limiting, and undervoltage lockout. Other
features include a 52 kHz fixed-frequency oscillator
that requires no external components, a soft start
mode to reduce in-rush current during start-up, and
current mode control for improved rejection of input
voltage and output load transients.

5= Viy
4= Switch

Gnd
3= Ground
2- Fesdbach

1= Comp

Figure 2. 5-Lead (Bent Shg?erod Leads) TO-220
— Top View
See Package Number NDH0005D

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

PRODUCTION DATA information is current as of publication date.
Products conform to

per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1999-2013, Texas Instruments Incorporated
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COMP <2 L, GND r-i :—f'
FB — 1 GND GND—‘ ;'
GND = i GND A3 :'
SWITCH o LR SWITCH —'| e
s LI - AL
A/ L U VIN'L 17 .
= ] 16,
*No Internal Connection o1 15,
1 18 .
GND 2 13,

*No internal Connection

Figure 3. 16-Lead PDIP (N) - Top View Figure 4. 24-Lead SOIC Package (M) — Top View
See Package Number NBG0016G See Package Number DW
TAB IS %3: :‘:.Hch m
GND 153~ Ground
19 2- Feedback
15 1~ Comp
Figure 5. 5-Lead DDPAK/TO-263 (S) SFM Package — Figure 6. 5-Lead DDPAK/TO-263 (S) SFM Package -
Top View Side View
See Package Number KTT0005B
CASE IS GROUND
FEEDBACK O SWITCH
o O
o =]
COMP Vin

@)

Figure 7. 4-Lead TO-220 (K) - Bottom View
See Package Number NEB0005B

Typical Application
1
sV o g 12V@=< 800 mA
weut © T m*—-’f—— REGULATED OUTPUT
..L Vour = 1.23V (1 + R1/R2)
o1 "fI 5| Vin fswrew L .
— $ 174k
= cou

P 2 680 uf

: LM2577-ADJ TEED
2.2k e — 5 =
0.33 uf I L

AAA

Note: Pin numbers shown are for TO-220 (T) package.

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
M during storage or handling to prevent electrostatic damage to the MOS gates.

2 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated
Product Folder Links: LM1577 LM2577
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Absolute Maximum Ratlﬂgs"m)

Supply Voltage 45v
Output Switch Voltage 65V
Output Switch Current®) 6.0A
Power Dissipation Internally Limited
Storage Temperature Range -65°C to +150°C
Lead Temperature | Soldering, 10 sec. 260°C
Maximum Junction Temperature 150°C
Minimum ESD Rating [C =100 pF, R =1.5kQ 2KV

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the
device is intended to be functional, but device parameter specifications may not be ensured under these conditions. For ensured
specifications and test conditions, see the Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and

specifications.

(3) Due to timing considerations of the LM1577/LM2577 current limit circuit, output current cannot be internally limited when the

LM1577/LM2577 is used as a step-up regulator. To prevent damage

to the switch, its current must be externally limited to 6.0A.

However, output current is internally limited when the LM1577/LM2577 is used as a flyback or forward converter regulator in accordance

to the Application Hints.
Operating Ratings
Supply Voltage 3.5V V)ys40V
Output Switch Voltage 0V S Vewren S 60V
Output Switch Current IswitcH = 3.0A
Junction Temperature Range LM1577 -55°C < T; s +150°C
LM2577 -40°C s T; s +125°C

Electrical Characteristics—LM1577-12, LM2577-12
Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature

Range. Unless otherwise specified, V),

=5V, and lgymren = 0.

Symbol Parameter Conditions Typical | LM1577-12 | LM2577-12|  units
Limit("@ Limit® (Limits)
SYSTEM PARAMETERS Circuit of Figure 29
Vour Output Voltage Vi = 5V to 10V 12.0 v
loap = 100 mA to 800 mA(" 11.60/11.40 | 11.60/11.40 |  V(min)
12.4012.60 | 12.40/12.60 | V(max)
AVout Line Regulation Vin = 3.5V to 10V 20 mV
N (1) lLoap = 300 mA 50/100 50100 | mV(max)
AVour Load Regulation ViN=5V 20 mV
Aloao  (2) hap MQ0 MA tEI0SIM 501100 50100 | mV(max)
n Efficiency Vin = 5V, lLoap = 800 mA 80 %
DEVICE PARAMETERS
Is Input Supply Current | Vegepsack = 14V (Switch Off) 75 mA
100140 | 100140 | mA(max)
'SWI'I’CH =2.0A 25 mA
Veomp = 2.0V (Max Duty Cycle) 50/85 50/85 mA(max)

(1) All limits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All limits are used to calculate

Outgoing Quality Level, and are 100%

production tested

(2) A military RETS electrical test specification is available on request. At the time of printing, the LM1577K-12/883, LM1577K-15/883, and

LM1577K-ADJ/883 RETS

ions complied fully with the boldface limits in these columns. The LM1577K-12/883, LM1577K-

15/883, and LM1577K-ADJ/883 may also be procured to Standard Military Drawing specifications.
(3) All limits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All room temperature limits are
100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control (SQC)

methods.

(4) External components such as the diode, inductor, input and output capacitors can affect switching regulator performance. When the
LM1577/LM2577 is used as shown in the Test Circuit, system performance will be as specified by the system parameters.

Copyright © 1999-2013, Texas Instruments Incorporated

Product Folder Links: LM1577 LM2577

Submit Documentation Feedback 3
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Electrical Characteristics—LM1577-12, LM2577-12 (continued)

Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature
Range. Unless otherwise specified, V\y = 5V, and lsyrcy = 0.

Symbol Parameter Conditions Typical | LM1577-12 | LM2577-12|  Units
Limit(W@ Limit® (Limits)
Vov Input Supply lswircn = 100 mA 2.90 v
Undervoltage Lockout 270265 | 2.70/2.65 V(min)
310345 | 310845 | V(max)
% Oscillator Frequency | Measured at Switch Pin 52 kHz
lswircn = 100 mA 48/42 48/42 kHz(min)
56/62 56/62 kHz(max)
VRer Output Reference Measured at Feedback Pin \'
Voltage i S 12 11.76/11.64 | 11.76/11.64 |  V(min)
>y 12.24/12.36 | 12.24112.36 | V(max)
Output Reference Vi = 3.5V to 40V 7 mv
AVREF Voltage Line Regulator
AViN
Res Feedback Pin Input 9.7 kQ
Resistance
Gu Error Amp lcomp = ~30 pA to +30 pA 370 pmho
Transconductance Veome = 1.0V 225/145 225/145 pmho(min)
515/615 515/615 | pmho(max)
AvoL Error Amp Veowmp = 1.1V to 1.9v 80 VIV
Voltage Gain Rcomp = 1.0 MQ©® = 50725 50/25 VV(min)
Error Amplifier Upper Limit 2.4 v
Output Swing Veeepeack = 10.0V 2.2/2.0 2.2/2.0 V(min)
Lower Limit 03 v
Vreepaack = 15.0V 0.40/0.55 | 0.40/0.55 | V(max)
Error Amplifier Vreeosack = 10.0V to 15.0V 200 pA
Output Current Veowr = 1.0V +130/290 | 130490 | pA(min)
$300/£400 | +300/4400 | pA(max)
Isg Soft Start Current Veeepsack = 10.0V 5.0 pA
Veowe =0V 2515 2.51.5 pA(min)
7.5/9.5 7.50.5 JA(max)
D Maximum Duty Cycle | Voome = 1.5V 95 %
Iswrren = 100 mA 93/90 93/90 %(min)
Switch 125 AV
AlswitcH Transconductance
AVcomp
IL Switch Leakage Vswirch = 65V 10 A
Current VFEEDBACK = 15V (Switch Oﬂ) 300/600 300/600 uA(rnax)
VSAT Switch Saturation ls\m‘rcﬂ =2.0A 0.5 \'
Voltage Veowmp = 2.0V (Max Duty Cycle) 0.7/0.9 0.7/0.9 V(max)
NPN Switch 45 A
Current Limit 3.7/3.0 3.7/3.0 A(min)
5.3/6.0 5.3/6.0 A(max)

(5) A 1.0 MQ resistor is connected to the compensation pin (which is the error amplifier's output) to ensure accuracy in measuring Ayoy. In
actual applications, this pin's load resistance should be 210 MQ, resulting in Ay that is typically twice the ensured minimum limit.
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Electrical Characteristics—LM1577-15, LM2577-15

Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature
Range. Unless otherwise specified, V\y = 5V, and lgyrcy = 0.

Symbol Parameter Conditions Typical | LM1577-15 LM2577-15 Units
Limit("@ Limit® (Limits)
SYSTEM PARAMETERS Circuit of Figure 30
Vour Output Voltage Viy =5V to 12V 15.0 \
=100 mA%0 800 A 14.50114.25 | 14.50114.25 |  V(min)
15.50/15.75 | 15.50/15.75 V(max)
Line Regulation ViN =3.5V to 12V 20 mV
AVour lLoap = 300 mA 50/100 50/100 mV(max)
AViy
Load Regulation Viy = 5V 20 mV
AVout lioap = 100 mA to 600 mA 50/100 50/100 mV(max)
ALoap
n Efnclency Vin =5V, lloap = 600 mA 80 %
DEVICE PARAMETERS
|3 Input Supply Current VFEEDBACK =18.0V 7.6 mA
(Switch Off) 10.014.0 10.0140 | mA(max)
lmo" = 2.0A 25 mA
Veowmp = 2.0V
(Max Duty Cycle) 50/85 50/85 mA(max)
Vuv Input Supply IswircH = 100 mA 2.90 \'
Undervoltage :
Lockild 2.70/2.65 2.70/2.65 V(min)
3.10/3.15 3.10/3.15 V(max)
fo Oscillator Frequency Measured at Switch Pin 52 kHz
Iswiren = 100 mA 48/42 48/42 kHz(min)
56/62 56/62 kHz(max)
Vrer Output Reference Measured at Feedback Pin v
Voltage ¥'N =3.5Vto 40V 15 | 14701455 | 14701455 | V(min)
comp = 1.0V
7 ; 15.30/15.45 | 15.30115.45 | V(max)
Output Reference Viy = 3.5V to 40V 10 mV
AVRer Voltage Line Regulation
AViN
Res Feedback Pin Input 12.2 kQ
Voltage Line Regulator
Gpm Error Amp Icomp = =30 pA to +30 pA 300 umho
Transconductance Veowme = 1.0V 170110 170/110 pmho(min)
420/500 420/500 umho(max)
AvoL Error Amp Veome = 1.1V to 1.9V 65 viv
Voltage Gain Rcowme = 1.0 MQ® 20/20 20/20 VIV(min)

(1) Al limits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All limits are used to calculate
Quality Level, and are 100% production tested.
(2) A military RETS electrical test specification is available on request. At the time of printing, the LM1577K-12/883, LM1577K-15/883, and
LM1577K-ADJ/883 RETS specifications complied fully with the boldface limits in these columns. The LM1577K-12/883, LM1577K-
15/883, and LM1577K-ADJ/883 may also be procured to Standard Military Drawing specifications.
(3) All limits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All room temperature limits are
100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control (SQC)

methods.
4)

such as the diode, inductor, input and output capacitors can affect switching regulator performance. When the

External components
LM1577/LM2577 is used as shown in the Test Circuit, system performance will be as specified by the system parameters.

(5) A 1.0 MQ resistor is connected to the compensation pin (which is the error amplifier's output) to ensure accuracy in measuring Aygy. In
actual applications, this pin's load resistance should be 210 MQ, resulting in Ayg, that is typically twice the ensured minimum limit.
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Electrical Characteristics—LM1577-15, LM2577-15 (continued)

Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature
Range. Unless otherwise specified, Vy = 5V, and lgyrcn = 0.

Symbol Parameter Conditions Typical | LM1577-15 | LM2577-15 Units
Limit™M@ Limit® (Limits)
Error Amplifier Upper Limit 24 \'J
Output Swing Vreeosack = 12.0V 2.22.0 2.22.0 V(min)
Lower Limit 0.3 v
Vegepeack = 18.0V 0.4/0.55 0.40/0.55 V(max)
Error Amp Vreeosack = 12.0V to 18.0V +200 pA
Output Current Veomp = 1.0V $130/£90 +130/290 WA(min)
£300/4400 | 3004400 | pA(max)
lss Soft Start Current Veeepaack = 12.0V 5.0 pA
Veome = OV 25M.5 2515 WA(min)
7.58.5 7.5/0.5 pA(max)
D Maximum Duty Veowp = 1.5V 95 %
Cycle Iswircy = 100 mA 93/90 93/90 %(min)
Switch 125 ANV
Al Transconductance
AVcomp
I Switch Leakage VswitcH = 65V 10 HA
Current m 18.0V = T
Vst Switch Saturation lswiren = 2.0A 05 v
Voltage Voomp = 2.0V
(Max Duty Cydie) 0.70.9 0.7/0.9 V(max)
NPN Switch Voowe = 2.0V 43 A
Current Limit 3.73.0 3.7/3.0 A(min)
5.3/6.0 5.3/6.0 A(max)
6 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated
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Electrical Characteristics—LM1577-ADJ, LM2577-ADJ
Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature

Range. Unless otherwise specified, V,y = 5V, Vreepsack = Vrer, @nd lgwiren = 0.

Symbol Parameter Conditions Typical | LM1577-ADJ | LM2577-ADJ|  Units
Limit(V( Limit(® (Limits)
SYSTEM PARAMETERS Circuit of Figure 31 @)
oy Output Voltage Vi =5V to 10V 12.0 v
lLoap = 100 mA to 800 mA" 11.60/11.40 | 11.60/11.40 | V(min)
12.4012.60 | 12.40/12.60 | V(max)
AVour/AVyy | Line Regulation Viy = 3.5V to 10V 20 mv
lLoap = 300 mA 50/100 501100 mV(max)
AVoyt/Al oa | Load Regulation Vin =5V 20 mV
D lLoap = 100 mA to 800 mA 50/100 501100 mV(max)
n Efficiency Vin = 5V, I oap = 800 mA 80 %
DEVICE PARAMETERS
ls Input Supply Current | Vegepeack = 1.5V (Switch Off) 7.5 mA
10.014.0 100140 | mA(max)
ISWlTCH =2.0A 25 mA
Veowmp = 2.0V (Max Duty Cycle) s - v AT
Viv Input Supply lswiren = 100 mA 2.90 , v
Undervoltage Lockout 2.70/2.65 2.70/2.65 V(min)
3.10/3.15 3.10/3.15 V(max)
fo Oscillator Frequency Measured at Switch Pin 52 kHz
Iswrrcw = 100 mA 48/42 48/42 kHz(min)
56/62 56/62 kHz(max)
Ve Reference Measured at Feedback Pin v
Voltage Yeedh (Y g‘{,“w 1230 | 1.214/1.206 | 1.214/1.206 | V(min)
VA 1.246/1.254 | 1.246/1.254 | V(max)
AVger/AV)y | Reference Voltage Vin = 3.5V to 40V 0.5 mV
Line Regulation
s Error Amp Veou = 1.0V 100 nA
Input Bias Current '3001800 300/800 nA(max)
G Error Amp lcomp = =30 PA to +30 pA 3700 pmho
Transconductance Veowe = 1.0V 2400/1600 2400/1600 pmho(min)
4800/5800 | 4800/5800 | wmho(max)
AvoL Error Amp Voltage Gain | Vcome = 1.1V to 1.9V 800 VIV
Reowe = 1.0 MQ® 500/250 500/250 VIV(min)
Error Amplifier Upper Limit 24 Vv
Output Swing Vreeosack = 1.0V 2.212.0 2.212.0 V(min)
Lower Limit 0.3 A"
Vreeoeack = 1.5V 0.40/0.55 0.40/0.55 V(max)

(1) Al limits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All limits are used to calculate
Outgoing Quality Level, and are 100% production tested.

(2) A military RETS electrical test specification is available on request. At the time of printing, the LM1577K-12/883, LM1577K-15/883, and
LM1577K-ADJ/883 RETS specifications complied fully with the boldface limits in these columns. The LM1577K-12/883, LM1577K-
15/883, and LM1577K-ADJ/883 may also be procured to Standard Military Drawing specifications.

(3) Alllimits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All room
100% production tested. All limits at temperature extremes are ensured via correlation using standard Statistical Quality Control (SQC)

methods.
(4) External

components
LM1577/LM2577 is used as shown in the Test Circuit, system performance will be as specified by the system parameters.

limits are

such as the diode, inductor, input and output capacitors can affect switching regulator performance. When the

(5) A 1.0 MQ resistor is connected to the compensation pin (which is the error amplifier's output) to ensure accuracy in measuring Ayo. In
actual applications, this pin's load resistance should be 210 MQ, resulting in Ayg, that is typically twice the ensured minimum limit.
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Electrical Characteristics—LM1577-ADJ, LM2577-ADJ (continued)

Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature
Range. Unless otherwise specified, V\y = 5V, Vrgepsack = Vrer, @and lswren = 0.

Symbol Parameter Conditions Typical | LM1577-ADJ | LM2577-ADJ |  Units
Limit(@ Limit® (Limits)
Error Amp VFEEDB.ACK =1.0Vto 1.5V +200 |.|A
Output Current Veome = 1.0V +130/490 +130/490 HA(min)
+300/£400 +300/+400 pA(max)
lSS Soft Start Current VFEDBACK =1.0V 5.0 A
Veowe = 0V 2515 2.51.5 pA(min)
7.50.5 7.5/9.5 HA(max)
D Maximum Duty Cycle Vcomp = 1.5V 95 %
lswircn = 100 mA 93/90 93/90 %(min)
AlgwitcH/AVe | Switch 125 AV
OMP Transconductance
I Switch Leakage VswitcH = 65V 10 HA
Current VFEEDBACK =15V (S\nrltm Oﬁ) 300/600 300/600 IJA(ITIBX)
Vsgar Switch Saturation Iswitcn = 2.0A 0.5 \')
Voitage Veome = 2.0V (Max Duty Cycle) 0.7/0.9 0.7/0.9 V(max)
NPN Switch Veowme = 2.0V 4.3 A
Curvent Ligit 3.7/3.0 3.773.0 A(min)
5.3/6.0 5.3/6.0 A(max)
THERMAL PARAMETERS (All Versions)
0,4 Thermal Resistance K Package, Junction to Ambient 35
8¢ K Package, Junction to Case 15
6,4 T Package, Junction to Ambient 65
6,c T Package, Junction to Case 2 ‘W
0a N Package, Junction to Ambient () 85
8a M Package, Junction to Ambient () 100
B S Package, Junction to Ambient (7 37

(6) Junction to ambient thermal resistance with approximately 1 square inch of pc board copper surrounding the leads. Additional copper
area will lower thermal resistance further. See thermal model in “Switchers Made Simple” software.

(7) If the DDPAK/TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally
connected to the package. Using 0.5 square inches of copper area, 8,, is 50°C/W; with 1 square inch of copper area, 8,4 is 37°C/W,;
and with 1.6 or more square inches of copper area, 8,4 is 32°C/W.
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Typical Performance Characteristics
Reference Voltage Reference Voltage
vs Temperature vs Temperature
1.240 12.10
ADJ VERSIONS 12V VERSIONS
1.238 12.08
< 1.236 < 12.06
w 1,234 W 12.04
(%] (%]
§ 1.232 it § 12.02 ,ﬂ/
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8 1228 8 11.98|4"
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& 1.224 & 11.94
1.222 11.92
1.220 11.90
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TEMPERATURE (°C) TEMPERATURE (°C)
Figure 8. Figure 9.
Reference Voltage A Reference Volitage
- vs Temperature vs Supply Voltage
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Figure 10. Figure 11.
A Reference Voltage A Reference Voltage
5o vs Supply Voltage < vs Supply Voltage
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Figure 12.
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SUPPLY VOLTAGE (V)
Figure 13.
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Typical Performance Characteristics (continued)
Error Amp Transconductance Error Amp Transconductance
vs Temperature vs Temperature
5000 T T T 500 T T T
ADJ VERSIONS 12V VERSIONS
-~ s h,
R 4500 = 458 Pl
w w400
€ 4000 —IN\ 2 N
= ~ — \
s \ g 350
2 3500 N z N
300
2 N g
-
g e = = 250
2500 200
-50 -25 0 25 50 75 100 125 150 =50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C) TEMPERATURE (°C)
Figure 14. Figure 15.
Error Amp Voltage
Gain
Error Amp Transconductance vs
vs Temperature Temperature
400 — B
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w > 1400 >
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S 300 3 1200
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Figure 16. Figure 17.
Error Amp Voltage Error Amp Voltage
Gain Gain
vs vs
Temperature Temperature
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Figure 18. Figure 19.
10 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated



TEXAS

INSTRUMENTS LM1577, LM2577
www.ti.com SNOS658D - JUNE 1999-REVISED APRIL 2013
Typical Performance Characteristics (continued)
Quiescent Current Quiescent Current
s vs Temperature s vs Switch Current
45 I l [ 50
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Figure 20. Figure 21.
Current Limit Response
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vs Temperature Overdrive
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Figure 22. Figure 23.
Switch Saturation Voltage Switch Transconductance
o vs Switch Current 7. vs Temperature
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Figure 24.
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Figure 25.
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Typical Performance Characteristics (continued)
Feedback Pin Bias
Current
% vs Olclll;tor ncy
‘emperature vs Tem re
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Figure 26. Figure 27.
Maximum Power Dlumaﬂon
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Figure 28.

(1) If the DDPAK/TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally
connected to the package. Using 0.5 square inches of copper area, 8, is 50°C/W; with 1 square inch of copper area, 8,4 is 37°C/W,
and with 1.6 or more square inches of copper area, 8, is 32°C/W.
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LM1577-12, LM2577-12 TEST CIRCUIT

Vin

+220 pF

L, 100 uH D. 1N3821

|||:L

b o "fl
:- 1200 240
. ViN SWITCH " Vi ;AF‘ 0.1 uf
Ccoup FB = cour
B u | LM1577/LM2577 w2 VE
e GND n
T 0-33 wF 3

L = 415-0930 (AIE)
D = any manufacturer
Couyr = Sprague Type 673D
Electrolytic 680 yF, 20V
Note: Pin numbers shown are for TO-220 (T) package

Figure 29. Circuit Used to Specify System Parameters for 12V Versions

LM1577-15, LM2577-15 Test Circuit

Vin
+220 uf

D, 1N5821
L, 100 uH A 10k Vour

! 1i
< 1500 & 750 2 500
1 Vin SWITCH { e 13
COMP FB :,: Cour
orwr|  $ s | LM1577/LM2577 > . [ow]
== GND [ ’
T 0-334F 3

L = 415-0930 (AIE)
D = any manufacturer

Cour = Sprague Type 673D
Electrolytic 680 pyF, 20V
Note: Pin numbers shown are for TO-220 (T) package

Figure 30. Circuit Used to Specify System Parameters for 15V Versions
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LM1577-ADJ, LM2577-ADJ Test Circuit

Vin
+220 puF

D, 1N5821 10k

L, 100 uH Vour

— & —NA——4
SR S120 260 2 2 l
Vin SWITCH b % b3 0.1 uF
L 2 Cour e
COMP F.B. e
I
0.1 uF a | LM1577/LM2577 | WM sw2 EVM
—— GND 2R L ] ®
<
T O-33 wF 3

L = 415-0930 (AIE)
D = any manufacturer
Couyt = Sprague Type 673D
Electrolytic 680 pF, 20V
R1 = 48.7k in series with 511Q (1%)
R2 = 5.62k (1%)
Note: Pin numbers shown are for TO-220 (T) package

Figure 31. Circuit Used to Specify System Parameters for ADJ Versions

Application Hints

Vin
Cin :
Y. L Vour
L1
+
Vin SWITCH Cour
s ‘ .
CURRENT LIMIT, =
THERMAL LIMIT, AND 2.5
UNDERVOLTAGE SHUTDOWN REGULATOR

. —— 34, 65V
> LOGIC STAGE NPN

SWITCH

[ 52 kHz CORRECTIVE

OSCILLATOR RAMP
VOLTAGE

+

+

+ z AMP y
g CURRENT ) !
SENSE > R1*
COMPARATOR VOLTAGE s
SOFT - 2 b (1.23V)
START + 1.23v L CURRENT L
ERROR REF. < SENSE S R2*
LM1577-ADJ/ AMP < RESISTOR b
LM2577-ADJ
1 3
T =

Note: Pin numbers shown are for TO-220 (T) package
*Resistors are internal to LM1577/LM2577 for 12V and 15V versions.

Figure 32. LM1577/LM2577 Block Diagram and Boost Regulator Application
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STEP-UP (BOOST) REGULATOR

Figure 32 shows the LM1577-ADJ/LM2577-ADJ used as a Step-Up Regulator. This is a switching regulator used
for producing an output voltage greater than the input supply voltage. The LM1577-12/LM2577-12 and LM1577-
15/LM2577-15 can also be used for step-up regulators with 12V or 15V outputs (respectively), by tying the
feedback pin directly to the regulator output.

A basic explanation of how it works is as follows. The LM1577/LM2577 turns its output switch on and off at a
frequency of 52 kHz, and this creates energy in the inductor (L). When the NPN switch tumns on, the inductor
current charges up at a rate of Vy/L, storing current in the inductor. When the switch tumns off, the lower end of
the inductor flies above V,y, discharging its current through diode (D) into the output capacitor (Coyr) at a rate of
(Vout = ViN)/L. Thus, energy stored in the inductor during the switch on time is transferred to the output during
the switch off time. The output voltage is controlled by the amount of energy transferred which, in tumn, is
controlled by modulating the peak inductor current. This is done by feeding back a portion of the output voltage
to the error amp, which amplifies the difference between the feedback voltage and a 1.230V reference. The error
amp output voltage is compared to a voltage proportional to the switch current (i.e., inductor current during the
switch on time).

The comparator terminates the switch on time when the two voltages are equal, thereby controlling the peak
switch current to maintain a constant output voltage.

Voltage and current waveforms for this circuit are shown in Figure 33, and formulas for calculating them are
given in Table 1.

\/ - - el
SWITCH ~ SWOFF) | I I |
VOLTAGE "sar £ AL

DIODE
VOLTAGE

INDUCTOR
CURRENT  Mo(ave) -

0
SWITCH  lewpr)
CURRENT

o -

DIODE e -
CURRENT  DVD ©

Figure 33. Step-Up Regulator Waveforms

Table 1. Step-Up Regulator Formulas‘"

Duty Cycle D Nout + Ve — Vi Vour = Vi
Vour + VE — Vgar Vour
|
Average Inductor Current INDAVE) .1@%
Inductor Current Ripple Al ViN—Vsar D
IND L 52000
Peak Inductor Current | hosoimeq | Alinp
IND(PK) 1-Dpmany = 2
Peak Switch Current | loaoimen) , Alip
SW(PK) 1 —Dmay 2
Switch Voltage When Off sz(on:) Vout + VE
Diode Reverse Voltage Vr Vour = Vsat
Average Diode Current Ingave) lL.oaD
Peak Diode Current I _hoap . Almp
D(PK) 1-Dpmayy 2
Power Dissipation of LM1577/2577 loap )2 | 1LoaD O Vi
Pp om(1_n)n+w"_m
(1) Vg = Forward Biased Diode Voltage
lLoap = Output Load Current
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STEP-UP REGULATOR DESIGN PROCEDURE

The following design procedure can be used to select the appropriate exteral components for the circuit in
Figure 32, based on these system requirements.

Given:

. ViN (min) = Minimum input supply voltage

. Vour = Regulated output voltage

L |LOAD(max) = Maximum output load current

+ Before proceeding any further, determine if the LM1577/LM2577 can provide these values of Vour and
lLoaD(max) When operating with the minimum value of Viy. The upper limits for Voyr and I oapmex) are given by
the following equations.

I < 2.1A X ViN(min)
LOAD(max) VOUT
where

» VOUT < 60V

® Vou'r <10 x VlN(l!i\) (3)

These limits must be greater than or equal to the values specified in this application.

1. Inductor Selection (L)
A. Volitage Options:
1. For 12V or 15V output
From Figure 34 (for 12V output) or Figure 35 (for 15V output), identify inductor code for region
indicated by Vi (min) @nd | oap (max)- The shaded region indicates conditions for which the LM1577/LM2577
output switch would be operating beyond its switch current rating. The minimum operating voltage for the
LM1577/LM2577 is 3.5V.
From here, proceed to step C.
2. For Adjustable version
Preliminary calculations:
The inductor selection is based on the calculation of the following three parameters:
D(max). the maximum switch duty cycle (0 s D s 0.9):

_ Yout *+ VF — ViNgmin)
Vour + Vg — 0.6V 4)

D(mu
where Vg = 0.5V for Schottky diodes and 0.8V for fast recovery diodes (typically);
E «T, the product of volts x time that charges the inductor:

— Dymax) (Vinmin) — 0.6V)108 %
e 52,000 Hz pone) (5)

Iinp,pc, the average inductor current under full load;

1.05 X I oAD(max)
1 — Dymax) (6)

B. Identify Inductor Value:
1. From Figure 36, identify the inductor code for the region indicated by the intersection of E+T and ljp pc.
This code gives the inductor value in microhenries. The L or H prefix signifies whether the inductor is rated
for a maximum E-T of 90 V-ps (L) or 250 V=us (H).
2. If D < 0.85, go on to step C. If D 2 0.85, then calculate the minimum inductance needed to ensure the
switching regulator's stability:

_ 84 Vingmin) = 06) (2Dmaq — 1)
L = (H)
m 1T ™)

IiNp,oC =

If Ly is smaller than the inductor value found in step B1, go on to step C. Otherwise, the inductor value found in
step B1 is too low; an appropriate inductor code should be obtained from the graph as follows:

1. Find the lowest value inductor that is greater than L.
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2. Find where E°T intersects this inductor value to determine if it has an L or H prefix. If E-T intersects both the L
and H regions, select the inductor with an H prefix.

10

- 0 Llad\ L‘"o} s,sL ]u;xLIL'Ib&LIGIII
>
g o
g / 2
2 6 /1 // 7
g 5 /J// / %
= A4 A
; Ve y /A
L AARASISD,
3
0.1 0.2 0304 060810 175

MAXIMUM LOAD CURRENT (A)

Figure 34. LM2577-12 Inductor Selection Guide

1: H10o0|ceaouird L3sofaz Lisof
£ |
8 10
- 9
2" /

S\ 7.
: PTG
& WL AL

2L 24 77FS

3 9N

04 02 0304 060810 1.7

MAXINUM LOAD CURRENT (A)

Figure 35. LM2577-15 Inductor Selection Guide

Copyright © 1999-2013, Texas Instruments Incorporated Submit Documentation Feedback 17
Product Folder Links: LM1577 LM2577



LM1577, LM2577 » INSTRUMENTS

SNOS658D - JUNE 1999-REVISED APRIL 2013 www.ti.com
EeT (Ve us)
200
150
100
90
80
70 A
L680|
80—y
- / /
.- P4 v
w S L7041 330 1220 L150 L100 W' 168
35
30 ’/ /

|4 NN
20/ f }/ / p.

0.5 0.350.40.450.5 0.6 0.7 0.80.91.0 15 20 25 3.0
hup,oc (A)

Note: These charts assume that the inductor ripple current is approximately 20% to 30% of the average inductor
current (when the regulator is under full load). Greater ripple current causes higher peak switch currents and greater
output ripple voltage; lower ripple current is achieved with larger-value inductors. The factor of 20 to 30% is chosen as
a convenient balance between the two extremes.

Figure 36. LM1577-ADJ/LM2577-ADJ Inductor Selection Graph

C. Select an inductor from Table 2 which cross-references the inductor codes to the part numbers of three
different manufacturers. Complete specifications for these inductors are available from the respective
manufacturers. The inductors listed in this table have the following characteristics:

» AIE: ferrite, pot-core inductors; Benefits of this type are low electro-magnetic interference (EMI), small
physical size, and very low power dissipation (core loss). Be careful not to operate these inductors too
far beyond their maximum ratings for E-T and peak current, as this will saturate the core.

» Pulse: powdered iron, toroid core inductors; Benefits are low EMI and ability to withstand E+T and peak
current above rated value better than ferrite cores.

* Renco: ferrite, bobbin-core inductors; Benefits are low cost and best ability to withstand E-T and peak
current above rated value. Be aware that these inductors generate more EMI than the other types, and
this may interfere with signals sensitive to noise.
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Table 2. Table of Standardized Inductors and
Manufacturer's Part Numbers!!
Inductor Manufacturer's Part Number

Code Schott Pulse Renco
L47 67126980 PE - 53112 RL2442
L68 67126990 PE - 92114 RL2443
L100 67127000 PE - 92108 RL2444
L150 67127010 PE - 53113 RL1954
L220 67127020 PE - 52626 RL1953
L330 67127030 PE - 52627 RL1952
L470 67127040 PE - 53114 RL1951
L680 67127050 PE - 52629 RL1950
H150 67127060 PE - 53115 RL2445
H220 67127070 PE - 53116 RL2446
H330 67127080 PE - 53117 RL2447
H470 67127090 PE - 53118 RL1961
H680 67127100 PE - 53119 RL1960
H1000 67127110 ~ PE - 53120 RL1959
H1500 67127120 PE - 53121 RL1958
H2200 67127130 PE - 53122 RL2448

(1) Schott Corp., (612) 475-1173
1000 Parkers Lake Rd., Wayzata, MN 55391
Pulse Engineering, (619) 268-2400
P.O. Box 12235, San Diego, CA 92112
Renco Electronics Inc., (516) 586-5566
60 Jeffryn Bivd. East, Deer Park, NY 11729

2. Compensation Network (R¢, Cc) and Output Capacitor (Coyr) Selection

Rc and C¢ form a pole-zero compensation network that stabilizes the regulator. The values of R¢ and Cc are
mainly dependant on the regulator voltage gain, | oapmax), L @and Coyr. The following procedure calculates values
for R¢, C¢, and Cqyr that ensure regulator stability. Be aware that this procedure doesn't necessarily result in R¢
and C¢ that provide optimum compensation. In order to ensure optimum compensation, one of the standard
procedures for testing loop stability must be used, such as measuring Voyr transient response when pulsing
lLoaD (see Figure 39).

A. First, calculate the maximum value for Rc.

750 X I oaD(max) X Vout?
Re < = 'LOAD(max) = YOUT-
¢ ViN(min)2 (8)

Select a resistor less than or equal to this value, and it should also be no greater than 3 kQ.
B. Calculate the minimum value for Coyt using the following two equations.

. 0.19 X L X Rg X lLoAD(max)
Vingmin) X Vout

and

C > Vingmin) X Rc X (ViNgmin) + (3.74 X 105 x L))

487,800 X Vout3 ©)

The larger of these two values is the minimum value that ensures stability.
C. Calculate the minimum value of C¢ .

58.5 X Vout2 X Cour
Cc 2
Rg2 x ViN(min) (10)
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The compensation capacitor is also part of the soft start circuitry. When power to the regulator is tumed on, the
switch duty cycle is allowed to rise at a rate controlled by this capacitor (with no control on the duty cycle, it
would immediately rise to 90%, drawing huge currents from the input power supply). In order to operate properly,
the soft start circuit requires C¢ 2 0.22 pF.

The value of the output filter capacitor is normally large enough to require the use of aluminum electrolytic
capacitors. Table 3 lists several different types that are recommended for switching regulators, and the following
parameters are used to select the proper capacitor.

Working Voltage (WVDC): Choose a capacitor with a working voltage at least 20% higher than the regulator
output voltage.

Ripple Current: This is the maximum RMS value of current that charges the capacitor during each switching
cycle. For step-up and flyback regulators, the formula for ripple current is

ILoAD(max) X Dmax)

IRIPPLE(RMS) = =

Choose a capacitor that is rated at least 50% higher than this value at 52 kHz.

Equivalent Series Resistance (ESR) : This is the primary cause of output ripple voltage, and it also affects the
values of R¢ and C¢ needed to stabilize the regulator. As a result, the preceding calculations for Cc and R¢ are
only valid if ESR doesn't exceed the maximum value specified by the following equations.

0.01 X Vour P 8.7 X (10)— 3 X Vi

ESR <
IRIPPLE(P-P) ILOAD(mex)
where
1.15 X 1L 0AD(max)
e b i A Dimax) (12)

Select a capacitor with ESR, at 52 kHz, that is less than or equal to the lower value calculated. Most electrolytic
capacitors specify ESR at 120 Hz which is 15% to 30% higher than at 52 kHz. Also, be aware that ESR
increases by a factor of 2 when operating at -20°C.

In general, low values of ESR are achieved by using large value capacitors (C = 470 pF), and capacitors with
high WVDC, or by paralleling smaller-value capacitors.

3. Output Voltage Selection (R1 and R2)

This section is for applications using the LM1577-ADJ/LM2577-ADJ. Skip this section if the LM1577-12/LM2577-
12 or LM1577-15/LM2577-15 is being used.

With the LM1577-ADJ/LM2577-ADJ, the output voltage is given by
Vour = 1.23V (1 + R1/R2) (13)

Resistors R1 and R2 divide the output down so it can be compared with the LM1577-ADJ/LM2577-ADJ internal
1.23V reference. For a given desired output voltage Vg, select R1 and R2 so that

R1 _ Vour

R2 1.23Vv (14)

4. Input Capacitor Selection (Cy)

The switching action in the step-up regulator causes a triangular ripple current to be drawn from the supply
source. This in turn causes noise to appear on the supply voltage. For proper operation of the LM1577, the input
voltage should be decoupled. Bypassing the Input Voltage pin directly to ground with a good quality, low ESR,
0.1 yF capacitor (leads as short as possible) is normally sufficient.
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Table 3. Aluminum Electrolytic Capacitors
Recommended for Switching Regulators
Cornell Dublier —Types 239, 250, 251, UFT, 300, or 350
P.O. Box 128, Pickens, SC 29671
(803) 878-6311
Nichicon —Types PF, PX, or PZ

927 East Parkway,
, IL 60173
(708) 843-7500

Sprague —Types 672D, 673D, or 674D

Box 1, Sprague Road,
Lansing, NC 28643
(919) 384-2551

United Chemi-Con —Types LX, SXF, or SXJ

9801 West Higgins Road,
Rosemont, IL 60018
(708) 696-2000

If the LM1577 is located far from the supply source filter capacitors, an additional large electrolytic capacitor (e.g.
47 WF) is often required.

5. Diode Selection (D)

The switching diode used in the boost regulator must withstand a reverse voltage equal to the circuit output
voltage, and must conduct the peak output current of the LM2577. A suitable diode must have a minimum
reverse breakdown voltage greater than the circuit output voltage, and should be rated for average and peak
current greater than I oapmax) @nd Ipek). Schottky barrier diodes are often favored for use in switching regulators.
Their low forward voltage drop allows higher regulator efficiency than if a (less expensive) fast recovery diode
was used. See Table 4 for recommended part numbers and voltage ratings of 1A and 3A diodes.

Table 4. Diode Selection Chart

Vour Schottky Fast Recovery
(max) 1A 3A 1A 3A
20V 1N5817 1N5820
MBR120P MBR320P
1N5818 1N5821
3ov MBR130P MBR330P
11DQ03 31DQ03
1N5819 1N5822
40V MBR140P MBR340P
11DQ04 31DQ04
MBR150 MBR350 1N4933
50V 11DQO05 31DQ05 MUR105
1N4934 MR851
100V HER102 30DL1
MUR110 MRB831
10DL1 HER302

BOOST REGULATOR CIRCUIT EXAMPLE

By adding a few external components (as shown in Figure 37), the LM2577 can be used to produce a regulated
output voltage that is greater than the applied input voltage. Typical performance of this regulator is shown in
Figure 38 and Figure 39. The switching waveforms observed during the operation of this circuit are shown in
Figure 40,
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5V - 12V@< 800 mA
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0.1 4F 5|N 4 | SWITCH +680 uF
coup 2
1 LM2577-12 TEED-

2.2k PACK

AED
T 0.53 uF

Note: Pin numbers shown are for TO-220 (T) package.
Figure 37. Step-up Regulator Delivers 12V from a 5V Input
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Figure 38. Line Regulation (Typical) of Step-Up Regulator of Figure 37

B ac0ma

. 0

A: Output Voltage Change, 100 mV/div. (AC-coupled)
B: Load current, 0.2 A/div
Horizontal: 5 ms/div

Figure 39. Load Transient Response of Step-Up
Regulator of Figure 37
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o{ ©
A: Switch pin voltage, 10 V/div
B: Switch pin current, 2 A/div
C: Inductor current, 2 A/div

D: Output ripple voltage, 100 mV/div (AC-coupled)
Horizontal: 5 ps/div

Figure 40. Switching Waveforms of Step-Up
Regulator of Figure 37

FLYBACK REGULATOR

A Flyback regulator can produce single or multiple output voltages that are lower or greater than the input supply
voltage. Figure 42 shows the LM1577/LM2577 used as a flyback regulator with positive and negative regulated
outputs. Its operation is similar to a step-up regulator, except the output switch contols the primary current of a
flyback transformer. Note that the primary and secondary windings are out of phase, so no current flows through
secondary when current flows through the primary. This allows the primary to charge up the transformer core
when the switch is on. When the switch tumns off, the core discharges by sending current through the secondary,
and this produces voltage at the outputs. The output voltages are controlled by adjusting the peak primary
current, as described in the STEP-UP (BOOST) REGULATOR section.

Voltage and current waveforms for this circuit are shown in Figure 41, and formulas for calculating them are
given in Table 5.
FLYBACK REGULATOR DESIGN PROCEDURE

1. Transformer Selection

A family of standardized flyback transformers is available for creating flyback regulators that produce dual output
voltages, from £10V to +15V, as shown in Figure 42. Table 6 lists these transformers with the input voltage,
output voltages and maximum load current they are designed for.

2. Compensation Network (C., Rc) and
Output Capacitor (Co7) Selection

As explained in the Step-Up Regulator Design Procedure, C¢, Rc and Coyr must be selected as a group. The
following procedure is for a dual output flyback regulator with equal tums ratios for each secondary (i.e., both
output voltages have the same magnitude). The equations can be used for a single output regulator by changing
2 lLoAD(max) 10 lLoaD(max) in the following equations.

A. First, calculate the maximum value for Rc.
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R < 750 X Zl oAD(max) X (15V + VIN(n_i_n)N)z

Vingmin)® (15)
Where ¥ | oapmax) is the sum of the load current (magnitude) required from both outputs. Select a resistor less
than or equal to this value, and no greater than 3 kQ.
B. Calculate the minimum value for ¥ Coyt (sum of Coyr at both outputs) using the following two equations.
0.19 X Rg X Lp X zlLOAD(er

Cour = 15V X ViN(min)
and
Con rr 5 YIN(min) X Rg X N2 X (Vi(min) +(3.74X 105X Lp))
487,800 < (1 5V)2X(15V+V|N(m|n)XN) (16)

The larger of these two values must be used to ensure regulator stability.

SWITCH
VOLTAGE

DIODE
VOLTAGE

PRIMARY
CURRENT

DIODE
CURRENT

SWITCH |

Vin

Cin ‘ >
COMP F.B.
Re LM2577-ADJ
‘P
GND 3 m
e N L

T1 = Pulse Engineering, PE-65300
D1, D2 = 1N5821

Figure 42. LM1577-ADJ/LM2577-ADJ Flyback Regulator with + Outputs

Table 5. Flyback Regulator Formulas

Rl Gl 0 Vour + Ve -
N (ViN — VgaT) + Vout + VF
— Your
N (Vin) + Vout (17)
Primary Current Variation Alp D (Vin — Vsar)
Lp X 52,000 (18)
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Table 5. Flyback Regulator Formulas (continued)
Peak Primary Current N 3 Al
e Pt
" (19)
Switch Voltage when Off Vaurr + Vi
Vswiorr) ViN + —% (20)
Diode Reverse Voltage Vg Voutr” N (Vin~ Vsar)
Average Diode Current Ip(AvE) lLoap
Peak Diode Current I Al
Iogek) .LE_AD + 2IND
1-D 2 (21)
Short Circuit Diode Current _BA
N (22)
Power Dissipation of LM1577/LM2577 2
ozsa (M122)
Pp
N lioapD T
50(1 — D) (23)
4 _ number of secondary tums
N = Transformer Turns Ratio . e

n = Transformer Efficiency (typicaily 0.95)
Zhoap = |+ ool +1-loapl

C. Calculate the minimum value of Cg

58.5 X Cout X Vout X (VouT + (ViN(min) X N))
Re2 X ViNmin) X N (24)

Cg =2

D. Calculate the maximum ESR of the +Vgyr and =Vt output capacitors in parallel.
8.7 X 10-3 x ViNgmin) X Vour X N
ZlLoapimax) % (Vout™ (Vingmin) < N)) 25)

ESR+[ESR_ <

This formula can also be used to calculate the maximum ESR of a single output regulator.

At this point, refer to this same section in the STEP-UP REGULATOR DESIGN PROCEDURE section for more
information regarding the selection of Cqyr.

3. Output Voltage Selection

This section is for applications using the LM1577-ADJ/LM2577-ADJ. Skip this section if the LM1577-12/LM2577-
12 or LM1577-15/LM2577-15 is being used.

With the LM1577-ADJ/LM2577-ADJ, the output voltage is given by
Vour = 1.23V (1 + R1/R2) (26)

Resistors R1 and R2 divide the output voltage down so it can be compared with the LM1577-ADJ/LM2577-ADJ
internal 1.23V reference. For a desired output voltage Vo7, select R1 and R2 so that

R1 _ Vour

E 1.23V (27)

4. Diode Selection

The switching diode in a flyback converter must withstand the reverse voltage specified by the following

equation.
Vin

VR = Vour + -
R=Vour + (28)

A suitable diode must have a reverse voltage rating greater than this. In addition it must be rated for more than
the average and peak diode currents listed in Table 5.

5. Input Capacitor Selection
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The primary of a flyback transformer draws discontinuous pulses of current from the input supply. As a result, a
flyback regulator generates more noise at the input supply than a step-up regulator, and this requires a larger
bypass capacitor to decouple the LM1577/LM2577 V,y pin from this noise. For most applications, a low ESR, 1.0
UF cap will be sufficient, if it is connected very close to the V), and Ground pins.

Transformer Input Dual Maximum
Type Voltage Output Output
Voltage Current
Lp =100 pH 5V +10V 325 mA
1 N= 5V 12V 275 mA
5V 15V 225 mA
10v +10V 700 mA
10v 12V 575 mA
2 Lp = 200 pH 10V +15V 500 mA
N=05 12v +10V 800 mA
12v +12V 700 mA
12v 15V 575 mA
3 Lp = 250 yH 15V 10V 900 mA
N=0.5 15V +12V 825 mA
15V +15V 700 mA

Table 6. Flyback Transformer Selection Guide

Transformer Manufacturers’ Part Numbers
Type AIE Pulse Renco
1 326-0637 PE-65300 RL-2580
2 330-0202 PE-65301 RL-2581
3 330-0203 PE-65302 RL-2582

In addition to this bypass cap, a larger capacitor (= 47 pF) should be used where the flyback transformer
connects to the input supply. This will attenuate noise which may interfere with other circuits connected to the
same input supply voltage.

6. Snubber Circuit

A “snubber” circuit is required when operating from input voltages greater than 10V, or when using a transformer
with Lp 2 200 pH. This circuit clamps a voltage spike from the transformer primary that occurs immediately after
the output switch turns off. Without it, the switch voltage may exceed the 65V maximum rating. As shown in
Figure 43, the snubber consists of a fast recovery diode, and a parallel RC. The RC values are selected for
switch clamp voltage (V¢ amp) that is 5V to 10V greater than Vsworr). Use the following equations to calculate R
and C;

0.02 X Lp X Ippiy?
(VoLamp)” — (VSW(orr)2

a (Vcn.mp + VSw(oFF) — Vm)"’ (19.2 X 10-‘)
< X
2 Lp X lppxy?

(29)
Power dissipation (and power rating) of the resistor is;
- (chwp + Vsw(oFF) — Vlm)2 R
. (30)
The fast recovery diode must have a reverse voltage rating greater than Vg aue.
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Figure 43. Snubber Circuit

FLYBACK REGULATOR CIRCUIT EXAMPLE

The circuit of Figure 44 produces 15V (at 225 mA each) from a single 5V input. The output regulation of this
circuit is shown in Figure 45 and Figure 47, while the load transient response is shown in Figure 46 and

Figure 48. Switching waveforms seen in this circuit are shown in Figure 49.

Vin

v D1 +Vour
F +15V ®225mA
C:n_L I + 470 uF
100 uf l I Cour
= oxx
out
g ~15V @225 mA
AN QLI
o Cour
Vin SWITCH I pRTyR
A uf 2 —
oty COMP F.B. =

Re LM2577-15 NOTE: PIN NUMBERS
GND SHOWN ARE FOR THE
T0-220 (T) PACKAGE.

—
-_—

T1 = Pulse Engineering, PE-65300

D1, D2 = 1N5821
Figure 44. Flyback Regulator Easily Provides Dual Outputs
15.180 vin
15.160 J l"'
(+15V OUTPUT)
E 15.140
& 15.120
;R 15.100 -
o 15.080
% 15.060
15.040
15.020
4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
INPUT VOLTAGE (V)
Figure 45. Line Regulation (Typical) of Flyback
Regulator of Figure 44, +15V Output
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A: Output Voltage Change, 100 mV/div
B: Output Current, 100 mA/div
Horizontal: 10 ms/div

Figure 46. Load Transient Response of Flyback
Regulator of Figure 44, +15V Output

15.240
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15.100

4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
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Figure 47. Line Regulation (Typical) of Flyback
Regulator of Figure 44, =15V Output
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A: Output Voltage Change, 100 mV/div
B: Output Current, 100 mA/div
Horizontal: 10 ms/div

Figure 48. Load Transient Response of Flyback
Regulator of Figure 44, =15V Output

ini-i!-u-l s

A: Switch pin voltage, 20 V/div

B: Primary current, 2 A/div

C: +15V Secondary current, 1 A/div

D: +15V Output ripple voltage, 100 mV/div
Horizontal: 5 ps/div

Figure 49. Switching Waveforms of Flyback Regulator of Figure 44, Each Output Loaded with 60Q
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PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
(1) Drawing Qty @ ®) Q) @s)
LM2577M-ADJ NRND SOIC DW 24 30 TBD Call Tl Call Tl -40 to 125 LM2577M
-ADJ P+
LM2577M-ADJ/NOPB ACTIVE SoIC DW 24 30 Green (RoHS CU SN Level-3-260C-168 HR 4010 125 LM2577M
& no SbiBr) ADJ P+ Samples
LM2577N-ADJ NRND PDIP NBG 16 20 TBD Call Ti Call Tl -40 to 125 LM2577N-ADJ
P+
LM2577N-ADJ/NOPB ACTIVE PDIP NBG 16 20 Green (RoHS CUSN Level-1-NA-UNLIM -40 to 125 LM2577N-ADJ
& no Sb/Br) P+
LM2577S-12/NOPB ACTIVE DDPAK/ KTT 5 45 Pb-Free (RoHS CU SN Level-3-245C-168 HR  -40to 125 LM2577S C
Lty o Exempt) -12P+
LM2577S-ADJ NRND DDPAK/ KTT 5 45 TBD Call T1 Call Tl -40 to 125 LM2577S
TO-263 -ADJ P+
LM2577S-ADJ/NOPB ACTIVE DDPAK/ KTT 5 45 Pb-Free (RoHS CU SN Level-3-245C-168 HR  -40to 125 LM25778
TO-263 Exempt) -ADJ P+ Sam ples 1
LM2577SX-12/NOPB ACTIVE DDPAK/ KTT 5 500 Pb-Free (RoHS CU SN Level-3-245C-168 HR 4010 125 LM2577S
TO-263 Exempt) -12 P+
LM2577SX-ADJ NRND DDPAK/ KTT s 500 TBD Call Tl Call Tl -40 to 125 LM2577S
TO-263 -ADJ P+
LM2577SX-ADJNOPB ~ ACTIVE DDPAK/  KIT 5 500 Pb-Free (RoHS CUSN Level-3-245C-168 HR 4010 125 LM2577S S
TO-263 Exempt) : -ADJ P+ P
LM2577T-12 NRND TO-220 KC 5 45 TBD Call Ti Call T -40 to 125 LM2577T-12
P+
LM2577T-12/LB03 NRND TO-220 NDH 5 45 TBD Call Tl Call TI LM2577T-12
P+
LM2577T-12/LF03 ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2577T-12 1
& no Sb/Br) P+ Sa.rnp s
LM2577T-12/NOPB ACTIVE TO-220 KC 5 45 Green (RoHS CUSN Level-1-NA-UNLIM -40 to 125 LM2577T-12 C
—r T
LM2577T-15 NRND TO-220 KC 5 45 TBD Call Tl Call TI -40 to 125 LM2577T-15
P+
LM2577T-15/LB03 NRND TO-220 NDH 5 45 TBD Call Tl Call Ti LM2577T-15
P+
LM2577T-15/NOPB ACTIVE TO-220 KC 5 45 Green (RoHS CU SN Level-1-NA-UNLIM 40 to 125 LM2577T-15
& no Sb/Br) P+ =
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» " ® PACKAGE’ OPTION ADDENDUM e
www.ti.com 1-Nov-2013
Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
) Drawing Qty @) ) @) @s)
LM2577T-ADJ NRND TO-220 KC 5 45 TBD Call Tl Call Tl -40 to 125 LM2577T
-ADJ
P+
LM2577T-ADJ/LB0O2 NRND TO-220 NEB 5 45 TBD Call Tl Call Tl LM2577T
-ADJ
P+
LM2577T-ADJ/LB0O3 NRND TO-220 NDH 5 45 TBD Call Ti Call Tl LM2577T
-ADJ
P+
LM2577T-ADJ/LF03 ACTIVE TO-220 NDH 5 45 Green (RoHS CU SN Level-1-NA-UNLIM LM2577T
e S ey
P+
LM2577T-ADJ/NOPB ACTIVE TO-220 KC 5 45  Pb-Free (RoHS CU SN Level-1-NA-UNLIM -40 to 125 LM2577T
Exempt) -ADJ
P+

™ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check hitp://www.ti.com/productcontent for the latest availability

information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free” or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that

lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): T defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

@ MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

“ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.
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® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a “~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

) | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and T1 suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 3



Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 23-Sep-2013
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
Id— KO [«—P1—»
OO OODD T
& @ ol o W
Reel h g l
Diameter )
Cavity — ] A0 |«
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO0 | Dimension designed to accommodate the component thickness
W | Overall width of the carrier tape
_i P1 | Pitch between successive cavity centers
|
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
(o= d @) Foy = e o e Sprocket Holes
User Direction of Feed
AN~
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel AD B0 KO P1 w Pin1
Type |[Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
LM2577SX-12/NOPB | DDPAK/| KTT 5 500 330.0 244 |10.75)|1485| 5.0 | 16.0 | 24.0 Q2
TO-263
LM2577SX-ADJ DDPAK/| KTT 5 500 330.0 244 |10.75)|14.85| 50 | 16.0 | 240 Q2
TO-263
LM2577SX-ADJ/NOPB | DDPAK/| KITT 5 500 330.0 244 |10.75]|14.85| 50 | 16.0 | 24.0 Q2
TO-263

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type Packigo Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM2577SX-12/NOPB DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2577SX-ADJ DDPAK/TO-263 KTT ] 500 367.0 367.0 45.0
LM2577SX-ADJ/NOPB | DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
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MECHANICAL DATA
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MECHANICAL DATA
NBG0016G
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MECHANICAL DATA

DW (R—-PDSO-G24)

PLASTIC SMALL OUTLINE
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NOTES:

Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

A.
B. This drawing is subject to change without notice.
C.
D. Falls within JEDEC MS—013 variation AD.

Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M—1994.
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MECHANICAL DATA
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MECHANICAL DATA
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NOTES:  A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. All lead dimensions apply before solder dip.
D

. The center lead is in electrical contact with the mounting tab.
ﬁ}. These features are optional.
A Thermal pad contour optional within these dimensions.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”™) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent T| deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers' products. Buyers are responsible for their products and
applications using Tl components. To minimize the risks associated with Buyers' products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl components or services are used. Information
published by Tl regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of Tl components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated Tl component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
conceming its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, Tl's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Ti components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically govermning such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of Tl components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated





