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ABSTRACT

This project presents an emergency light system using high power LEDs. The
system comprises of flyback converter, charger and LED driver. The charger is used to
charge a Ni-MH battery pack with high current and is supplied by the flyback converter.
The LED driver is a buck converter derivering power to the LEDs from the battery.
When there is an interruption, the relay contact will change status. Consequently, the
LED drivers are connected to the battery and the LEDs are ignited. This project studies
the principle of flyback converter and the buck converter. The circuit's parameters have

been designed and simulated using Pspice program. A prototype is built for

verifications.
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= = T (2.3)

lavdndudnszualunsdilifinrsiolnaassifiatudiniu i, dudanszuafiaz
7319 Mutual flux fiunszusfigaiiviie eddy current loss tadinmidelnanazinszurlng
Wilnaaarunguaiaud fe Wuusmimanfiiaduainnszus asduiuAuLT
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N,I,= NI, 2.4)
Wasandnnugadolidniaounuas Power factor 1Elnd 1 il
VI, = V1, (2.5)
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Tunsiusaaaununmnelsdliazaanty uazilosduilgninisdnlearsznitouni
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IasIALAZNITANTAAUaH
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msﬁ’ummmamﬁauﬂaammf{guf’iliﬁ’uﬁﬂﬁﬂwG°i'1f] ssfinulfuasaafiiaimisiy
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Wire Standard Wire Gauge Wire Standard Wire Gauge
Number (SWG) Number {(SWG)
Gauge tn mm Gauge In mm

0000000(7/0) 0.5000 12.700 G00000(6/0) 0.4640 11.786
00000{5/0) 0.4320 10.973 0000{4/0) 0.4000 10.160
000(3/0) 0.3720 9.449 00(2/0) 0.3480 8.8390
0(1/0) 0.3240 8.230 1 0.3000 7.6200
2 0.2760 7.010 3 0.2520 6.4010-

4 0.2320 5.893 _ 5 0.2120 5.3850

6 0.1920 4877 7 0.0760 44700

8 0.1600 4.064 9 0.1440 3.6580

10 0.1280 3.2 11 0.1160 2.9460
12 0.1040 2642 13 0.0920 2.3370

14 0.0800 2.032 1 5 0.0720 1.8290

16 0.0640 1.626 17 0.0560 1.4220

18 0.0480 1.219 19 0.0400 1.0160
20 0.0360 0.914 21 0.0320 0.8130
22 0.0280 0.711 23 0.0240 0.6100

24 0.0220 0.599 25 0.0200 0.5080

26 0.0180 0457 27 0.0164 0.4170
28 0.0148 0.376 . _29 0.0136 0.3450

30 0.0124 0.315 31 0.0116 0.2950
32 0.0108 0.275 33 0.0100 0.2540
34 0.0092 0.234 35 0.0084 0.2130
36 0.0075 0.193 37 0.0068 0.1730

38 0.0060 0.152 39 0.0052 0.1320
40 0.0048 0.122 41 0.0044 0.1120
42 0.0040 0.102 43 0.0036 0.0914

44 0.0032 0.0813 45 0.0028 0.0711

46 0.0024 0. 0610 47 0.0020 0.0508
48 0.0016 0.0406 49 0.0012 0.0305

50 0.0010 0.0254 - - -
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2.9.1.4..mUauu (Insulation type)
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U9 fast charge WLALADIALANAIUTEI0 80-90% WUzt IuT9 topping
charge tALAuU szl IfuuazE29 maintenance charge ainwlazgliiduagiaue u
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Lead — acid battery UARZITAANUTIOUTUNIZUIZUNTH 2 Tdﬂ@?ﬁiaﬁmm‘naﬁmiq
apBlEnInavalead(Pb) Uaz lead oxide (PbO,) Mudidnintladuszanm 37 % wsinia
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foned-81n4 (Zinc-air) uuVRIABLIwRweY (Lithium-polymer)
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(lae) (% \faw) sz
(Whkg) (Whl)

NiCd 1.2 40 90 10-20 500-700
NiMH 1.2 60 180 30 300-500

Li-ion 3.6 100 230 5-10 >1000
Li-polymer 3.0 100-200 150-350 1 200-1000

Alkaline 1.5 ~ 150 375 0.3 1

Lead-acid 2 30-50 65 5 300-1000
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2.14 NOBYNNINTADIAIN
2.14 1 WanGd0a8319 (Luminous Flux ; ¢)
Wanddasaing fe lundsmusssinofiudesnanunasdufiauasdamiaonan
lapfwiazdugian (umen ; Im)

_ %0

? dr

(2.9)

Tanfi @ wanpils wasemuussrin Imbhodu gandufi (ms)
mQLumeumﬂé'n‘ﬁﬁlﬁﬂmmmsiaﬁ'uﬁﬂumudag;mu‘luguL‘Ewmuﬁa
[ -~ ' Ve ' . ' ) A e O

2.14.2 anutuna fa WanddadainnannsenudutandIuniaraInuiInumwIs
[ X 4., ' & v X A ' | Y . o e
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vv & da = Y " = P
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(foot candle ; fc)

E= ¢ (2.10)
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3.1 mseanuvulassadnrasldani@nlasiivaas High Power LED

IWanidiulasldnaaa High Powewr LED axhmiiulWihnszuassy 220 1aad 50
550 udrrhuilanaiolia RFI Nawwad tlansasdypmsuniu ududhgreenios
NIsUR nswwTINRsranauaas’ Iuvulssiunzugasaiunszura s
ARTTAULTIANYIIAD 12 1iad ihgnesanlza Wi dwuusaszadantzuga i
é’ﬂﬂi:i}Lmmma‘%“nﬁﬂﬁtﬁamﬁaiﬂmﬁ (NEMH) $man 8 dau @uniduuasuuaiaad
iy 11.2 Taa uazﬂ'nuquuﬂma‘i‘whﬁ‘u 2700 fafuauuLyd)

‘wnifiamanintinaunsadades xfifaddnluuanaisn e Wiy sty
waan High Power LED @aiflursaninaaniiained udas onszuauasusiauiimanzay
T¥nunaaa High Power LED 39v1¥inaaa High Power LED Fineduan

adaInIanuainegsnnaaa High Power LED luanzUn@aziitsesaawlai oz
i suIWinszuaasy 220 Thad 50 155w udriundaulrIianssauusiauinas 15
Laad dwnesdoanszusudndrgraashmaannisiasd aaszauuIvawiin 11.2
Tas Ltﬁﬁtﬁ1§10a7§nﬂautdatmaf \Warinlsnane High Power LED &iafuxn lums
sanuuuIvaniiulasldnaaa High Power LED ldaanuuuamuanaignunasssyy Wi
uaaaﬁ1aqntﬁuua:ﬂwunwaaanqruﬁu'uaa%ﬁdnisuﬂnﬂuuﬁaﬂszlnﬁ1nu AMENITUNNT
ApimsndaanTan Wil 2543-2544 dag1l 3.1
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220V, , 50 Hz

Taidnszualn# fdnszuatii
E v :
' \ 4
h 4 Filter
Transformer
Relay and Full-Bridge
: Rectifier E
: v
i 4 Full-Bridge Rectifier
Batte Fly-back
Battery ¥— Y y And
Charger Converter Voltage Regulator
E Buck :
| S > P
Converter

+

High Power LED

r

U 3.1 ugaausum I wesWandulaglivaaauaadindag

¢

{(Emergency Lighting Using LED)
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3.2 NM15a0NUVUKAA High Power LED UAtIWIALLAIADT 1WA IHIH

3.2.1 MIdONUWUUNaaHigh Power LED

= * - > o A Ao s -~

tulassnulnanidulasldnase High Power LED Tddmnmiufidmivliom 50
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e a ] ' 3 & J - g =
0.5 8N WAZINATTINIBINGNTENTRIMUAAIANVEBIFTNTUM W ININANEBI]
alakaondn 10 and

IINFAT E= ¢ (3.1)
v Area

s ¢ =10 x50 = 500 Im
\Renlinaaa High Power LED 1 Watt Emitter JUMULNMINTENLUSIUDY

- ¥ P - o o r e
Lambertian T23% Luxeon | 283U3&M Phillips TalidFanuainainiu 45 ALUW/NRDA

. a L 500
liwaaauaadininueg 15 = 1111 = 12 ¥aaa
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3 und qig 1 alew a1 3.2
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)
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-
™
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P L as

A s a
317 3.2 UFAIANBIENMTIINADAUDRBAMAIFS
3.2.2 MIPMIAULALADT MT LT
%»R0n LED 1 Watt Emitter Jusdaiuwlyinny 3.42 17ae nIizus 350 Haduauutfaziiany

AUNMUANNIaufONRaAYINIY 9.77 Ty ﬂ'ﬂﬂﬂﬂﬂa%ﬂfu 2 BROA URTTUINNL 6 WD

077Tx2

aagUfl 3.1 azldfmnnudumuiiu =13.257 lavuhad Wi ndaamIisiu 1

Flus acle
P =R (3.2)
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wWafidud
Fiun M lWifidaan 51906 14.36x 1.5% 1.2 = 25.85 Taddalua
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P=IV
25.85 = (2.7)(V)
V = 957 lad
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(3.3)
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3.3.1 WevanuuanauainesInuanszuasaliios nuneds dnszuaaziiny
Lﬁui‘fu’lu'ﬁaaa"‘miﬁﬁns:uaua:aGmouuuL"ﬁotﬁuﬁ'zaﬁaﬁﬂﬂﬂﬂqnszua YIRBITIINTLUE
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3.3.1.1 emasuuaneuaeeiivuenszuadaifiss tesiadiinizuaie
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N N, | . :
V,= I/I(—N—Z) = V(Fz) b Udz i =0 (3.5)

1 1

Lﬁaammna’w-ﬁnﬁa’:miﬁmuuaﬁim‘[aﬂr'né’w:ag'luam'):‘luuaﬂné’u(tﬁmmmn
QmauﬁimamﬂaLtﬂaoﬁm:ua'lwmﬁﬁﬁﬁuﬁﬁf') (Dotted) vavzaaIalguniifiazlnasan
ﬁmﬁﬁﬁv'wawmmﬂqauqﬁ) Husaldnazug ip smadundonidaudugud S
dmgupiiaslifinszus iy wdganu uandsnuiifiatuszasauaglusamamiloni
L GuUgund Lﬁaﬁo'ﬂwﬁﬁ"‘m'ﬁnqmﬁwns:uwﬁanﬁmmsmuws‘famuaanmnmmmmﬁ”)
witeh L lufenaasadny ﬁﬁlvﬂﬂlammminﬁﬂ:ﬁwnmLa'lGTLWﬂ:ag;'luamu:'luuaa
a33 390nTzus ip wamadun@ond

3.3.1.2 aimsLUanawaaeainuanszuadaliia
'Jhoﬂ"‘)ﬂ’ﬂ;iﬁms:uﬂmn'ﬁnammuef'n’htﬁaa"m'ﬂaiﬂﬁm:ua ns:uaﬁﬂ:auagﬂucﬁ'ﬁ
mﬁmﬁw:ﬁ'}miquﬁa nszuglnatdmliithemdaulsslalaarmslunesasen
Wnszuad i 'lﬁamos'fmnﬁuqﬁfiaﬁmsmﬁmmﬁ’uﬁuf et

N N

V,=-V, Fl =V, Fl (3.6)
2 2

- o ) -~ o o o ' a w , e
maAsunanug WA narusamio niedindnvamdaudaariinu

) V.i-D)T N
Ai A St A VAN
( im )opened L N2

m

(3.7)

- ~ . ' { - y a = ° ' | e
WarnsRnsanTsndaionszua Wi s wsaseasuwiionii L, Sdwrindy
ﬂuﬁa:‘lﬁ'

vy x—2 N (3.8)

e 5 1-D
1 v, o, v L '3 «
Q:l““'lﬂ:l"luﬂ']ﬂﬁf]Uun-gﬂﬂﬂﬂ“lqalﬂﬂf

—

-~

usloaTMa MV NaULRI(Transformer
ratio) LIud1uINLYIN
ﬁhumszaanﬂﬁmfuﬁmwhﬁ'uugn-gﬂﬂ'ﬂaunama"ﬂwﬂ:ﬁ'[moa%'ﬁqmoﬁm
GRLTLIVHEITT A
AV, D
vV, RCY,
3.3.2 Maansuuassunmesinuansuslisafios ulnuefinrzusinariulu

(3.9)

= -, e, « P P g a v S
1980minnh Ly, Safdinsuaiugud loofinsussnfudvwuudaduluiwaiod
nusuazdag grasssunIznIEuguitue

V,=V xDx RT

(3.10)
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4 ¥ 4,

FannngufinTmusainhsanuuuneaguuananiaiasd Tasnns
ﬁmum‘lﬁﬁwmiﬂau,ﬁwfgﬂLmﬁu‘lﬂﬁwm:uﬂﬂﬂﬂszmm 310 Taas (W nssuaady
rwnnIRanafuaznIoanstumfunin) 50 1dvad 'lﬂ“lﬁmoﬁ'mmﬁv!mﬂu'lﬂﬁw
NTIUAATITEAULTION 12 1Dad

L] & 1 lr

1avinmssanuuudidalui
aammmwnﬁa-r"nn’r‘ié’ﬂﬂizq'lﬂﬁﬂ'lﬁﬁ'uuumﬂa‘i"ﬂmﬂ 9.6 Yaq (1.2 1as x8 Nau #
szﬁum:uﬂé'ﬂﬂi:q 1 A sniudeaniuunswasuunnaunaiaaiilizwania

LY L L a"
NMIMUawe 9.6 Jad aadl

Vi, (min} = 220x 0.8 = 176 Vac \Vpeak (Min) = 249 Vdc

Vin (Mmax) = 220x1.2 = 264 Vac = Vg (max} = 373 Vdc

w -~ -9 1 L= Lo z
TWs=fmBnaneyinny 75 % aanuu

P ;
Pin=—¥'ﬂ=9—6—=12.8W (3.11)
eff .0.75
mmm:uﬂﬁuvgﬂmn
T gy = B (3.12)
Vintiow

P
Lol Vingow) = Vpeakmin) = Vripple = Vaiode W8EVrippie = 32%V pear(ming
s Lo = 9.6 _ 9.6
249-80-15 167.5

=573 mA

ro- .
Do =250 x =2 =2x57.3x107 x L0as _ 286.6 mA (3.13)
Lon 4 s
lapfnudlunisaiade 100 KHz éDuty 1y 0.4

Sovinndanltled NCP 1052 fimansnyhmssiagennad 100 Aladsed uazifasi
Fnanszuavune 300 Haauauil umﬁuﬁnu‘lﬁgaqﬂ 700 Taasl Wwwnasusmnafily
tumiaiags mnﬁmimﬂmmm§ry|.ﬁmﬂue'fa1{
P = P(1-6ff.) = Py Pog = 3.2 W (3.14)
MOSFET Power Losses = 3.2x35% = 1.12 W
Rectifer Power Losses = 3.2x60% = 1,92 W
w1 Capacitor AMuBUWA

P
Cn= = = 13'8 o =7.54uF (3.15)
fac X (Vpeak(min)z - V;?T”Ow)’ ) 50 x (249 - ] 67.5 )

. -~ [V ¢
DONILULTUINUARIATDINU DUURIAIR
L _ I/in(fow) X Dut};max _ 167-5)( 0.4

or Lo foy  0.286x100x10°

=2.34mH {3.16)
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Ansonaulzund
V x ¢ -6
Vo = —2) o ]67'5“’_‘610 =111.67 V (3.17)
Lo 6x10
wousd t, Wil 4us w3e Duty 0.4 71 100 kHz
wizuIaraaIntamlaulasnunaend
N
oo Ve 1T 5709 i (3.18)
Ny Vou+V, 12+15
2 2
. & Nscc 1 -3 .
dain Lyo=| | %L =| 5| x234x107 =28.9,uH (3.19)
pri

wannmsianusaslafiuad NCP1052 -
] v o s . A‘i -~ L3 o [l ad
wesnuguiiwhilunstiuidlaifaveanieiuemnadsagmoluladii las
e - a " P o 1A
ladNcP1052 Falvdano PWM lunistuwniaiuesinaiinanad 100 kHz nnalad
J el o o [ 4 - 4 J h s
fmyosuiamaeshaslalasass LideslinsdoIWiaualiivled dagy 3.4
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Voo Bypsas/
Fault Timing!
Voo Sweep
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3.4 MIaanuuLsEBINTTuAaB s AT
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fisnaaasly TasUndudrvzanlwsndsinrzuaiivwalaiin 10% vasussdmordna

3.4.3 H2m laadonTidaIms (Hold-up time) (HutasanfunasingIvganss
Lmé'ul.mﬁﬁﬂ‘lﬁﬂﬁuﬂnﬁﬁTﬂﬂﬂfgoqﬂ Li’iaﬁthuuwﬁ'u'lﬂm:uaaé’un’%aLl.iw'fu'lﬂ
nysussdudaenHfidmue ﬁaxfuﬁ'zLﬁuﬂ'izqm:ﬁmﬁfi'lmnwmhuns:uﬂ'lﬁﬁ’moﬁ
ﬂaunamaﬁi’iaﬁmmthmmﬁu'lﬂm:uaaé’u
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2:30 11.08 150 7:15 11.15 70
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3:00 11.09 140 7:45 11.15 59
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Environmental ratings

| HISCHaFFNer

safety for electronic systems

s Current rating up to 5A

» Broadband attenuation characteristics
= Low magnetic ieakage flux

n UL rated matetiats

= ROHS compliant

Maximum continuous operating voltage:

250V @ 50°C
Power operating frequency. de 10 400Hz @ 50°C
Overcurrent: 15X hying TOF 1 MifiUte, GRCE per hour
High potential test voltage
winding-to-winding @ 25°C. .. _30DOVAC, &0sec, guaranteed
- 2000V, 50Hz, 2sec, factory test_
Temperature range (operation and storagey: 25°C to +100°C
Climatic class per IEC&8. 25/100/21 o -
Flammability corresponoing to. ULgA-VO ]
Test conditions
Measaring frequency: 10KHZ 5MA < 160H;,
) SO0UA > 164H < 160UH;
SOpA > 160UH < 16mH;
S0mY > 16MH < T60mMH,  ~
inductance tolerance =30% -
Resistance:

Tolerance max. £15% @ 25°C; <20maQ, 1A,

> 20mQ < 200m2 100mA; > 200m8: < 2V 10ma

Electrical characteristcs.

@ 25°C 22°C

Common mode suppression chokes are
mainly used to filter noise on AC power lines.
Noise oo commercial pewer Jines could enter
the equipment and disturb the praper function.
Noise generated by the equipment for example
from switch mode power supplies need to he
filtered and the spread of such generated
naise need to be suppressed. Coimmon mode
suppression chokes together with line bypass
capacitors bnilding an AC EMI suppression

[ilter device.

Features and benefits

m Current raling up 1o 5A

n Compact and light weight

a Low magnelic leakage fux

= Sectional winding

u Standard lool print

= Broad range of available inductances and
cuiTent ralings

w Custom specilic versions

= Schoflner offers you also EMI measurement
service to verify that your design will pass

the required safety standards.

RoHS

200L/F5/EC

Sy Match 2005

Typical electrical schematic

1 ©

Typical applications
u Input filters for switch mode power

supplies

Filters to reduce leaking noise

a TV's, VCI's, multiinedia and audio
equipment

= Office automation, communications
and olher clectronic devices

s Electric ballast

» AC/AC converiers



Choke selection table

> Components > EV/EH series

EV Choke EH Choke Leomunas | DC resistance Rated current | Weight
(£30%)° R 1(s0°C) |

[mH]) * ImQ] {al igt
EV 20-0.3-02-33M EH 20-0.3-02-33M 33 _ 1780 03 10
EV 20-0.5-02-18M EH 20-0.5-02-18M 18! 725 0.5 10
EV 20-0.8-02-5M& EH 20-0.8-02-5Mé 56, . 245 0.8 10
EV 20-1.0-02-3M% EH 20-1.0-02-3M% 3. _ 168 1ol 10
EV 20-1,2.02:3M3 |_EH 20-1.2-02-3M3 o EER ~ 127 12 10
EV 20-1.5-02-1M8 " EH 20-1.5-02-1M8 18] 72 1.5 10
EV 20-2.0-02-0M8 EH 20-2.0-02-0M8 0.82 . 38 20 10
EV 24-0.5-02-44M EH 24-0.5-02-44M . a4, 1250 ; 05 18
EV 24-0.8-02-18M EH 24-0.8-02-18M 18 438 0.8 13
EV 24-1.0-02-10M EH 24-1.0-02-10M 10 244 1.0 18
EV 24-1.5-02-4AM5 EH 24-1.5-02-4M5 5! _ _ 116 1.5, 18
EV 24-2.0-02-2M5 EH 24-2.0-02-2M5 25 62 20! 18
EV 24-3.0-02-1M2 EH 24-3.0-02-1M2 12, 29 30 18
EV 24-0.0-02-0M5 EH 24-4.0-02-0M5 05 16 40 18
EV 28-1.0-02-36M EH 28-1.0-02-36M 36, 591 1.0, 31
EV 28-1.5-02-20M EH 28-1.5-02-20M 20! 282 154 31
EV 28-2.0-02-11M EH 28-2.0-02-11M EEEN 162 2.0 31
EV 28-3.0-02-5M0 EH 28-3.0-02-5M0 ] 5, _ 79 30, N
£V 28-4.0-02-2M3 ., EH 28-4.0-02-2M3 23 a0 | a0 31
£V 28-5.0-02-1M1 ; EH 28-5.0-02-1M1 1.1 ~ 27 . 50 31
£V 35-1.0-02-90M EH 35-1.0-02-90M 90 ] 628 30, 70
EV 35-2.0-02-20M EH 35-2.0-02-20M 20 N 150 207 70
EV 35-3.0-02-10M EH 35-3.0-02-10M 10, 72 3.0’ 70
EV 35-4.0-02-5M0 €H 35-4.0-02-5M0 . 5 ~ 53§ agp'! 70
EV 35-5.0-02-3Mé EH 35-5.0-02-3M6 34, 331 5.0, 70
All wires rated 130°C or higher
Typicat choke attenuation
Per CISPR 17; 500/5002 asym
EV/EH 20 types

I B

EV/EH 24 types

EiLY

A = 4amH
B = 18mH
C = t0mH
D = 4.5mH
E = 25mH
F = 1.2mH
G = 0.5mH

oy -

EV/EH 28 types

m; .‘.LA.-J

k]

C = 10mH
D = 5TH
E= 3.6mH




> Components » EV/EH serles

mMechanical Data
EV 20

Bk
[zt huse)

EV 24, EV 28

'T‘st"ﬁaz

1
vy g r‘Ifl‘\_l X I" = <=
D [ {
_4E _LE
F F G
£V 35 EH 20 to EH 35
T e
o [
280223
A
[ ¥
c !
A 1 C:;
LE [T [
e I’EU y £ 0 -
6 i P G
Dimensions
EV 20 (EV 24 EV 28 EV 35 EH 20 EH 24 ‘EH 28 EH 35 :
i | |
A 21.0 24.6 29.2 . 36.0 210 24.0 28.0 36.0 X
T [}
B £16.0 i17.4 210 245 21.0 24.0 28.0 360 :
. i T ¥
C 25.0 29.1 34.7 427 7.8 20.0 22.% 277
1 T ¥
D 14.0 4.0 4.0 A0 4.0 40 40 4.0
T H T
E i@ 0.8 0.8 a0.8 212 .3 0.8 Z08 208 210
F 130 -13.0 13.0 210 130 210 240 30.0
G 110.0 110.0 10.0 5.0 1100 i15.0 :20.0 25.0
Alt dimensions in mm, 1 inch = 25 4mm
Toderances acomding ISUZI68 { ENZ2768
Your Jacat partner: To find your local partner within Schaifner’s global network, please go to www schaffner.com March 2005




NCP1050, NCP1051,
NCP1052, NCP1053,
NCP1054, NCP1055

Monolithic High Voltage
Gated Oscillator Power
Switching Regulator

The NCPI050 through NCP1055 are monolithic high voltage
regulators that enable end product equipment to be compliant with low
standby power requirements. This device series combines the required
converter functions allowing a simple and economical power system
solutton for office automation, consumer, and industrial products.
These devices are designed to cperate directly from a rectified AC line
source. In flyback converter applications they are capable of providing
an output power that ranges from 6.0 W to 40 W with a fixed AC input
of 100 V, 115V, or 230 V, and 3.0 W to 20 W with a variable AC input
that ranges from 85 V to 265 V.

This device series features an active starfup regulator circuit that
eliminates the need for an auxiliary bias winding on the converter
transformer, fault detector and a programmable timer for converter
overload protection, unique gated osciilator configuration for extremely
fast loop response with double pulse suppression, power switch current
limiting, input underveltage lockout with hysteresis, thermal shutdown,
and auto restart fault detection. These devices are available in
economical 8—pin dual-inine and 4-—pin SOT-223 packages.
Features
® Startup Circuit Eliminates the Need for Transformer Auxiliary Bias

Winding
® Optional Auxiliary Bias Winding Override for Lowest Standby
Power Appiications
Converter Qutput Overload and Open Loop Protection
Auto Restart Fault Protection
IC Thermal Fault Protection

Unique, Duat Edge, Gated Oscillator Configuration for Extremely
Fast Loop Response

¢ Oscillator Frequency Dithering with Controlled Slew Rate Driver for

Reduced EMI

On—~Chip 700 V Power Switch Circuit and Active Startup Circuit
Rectified AC Line Source Operation from 85 V to 265 V

Input Undervoltage Lockout with Hysteresis

Osciliator Frequency Options of 44 kHz, 100 kHz, 136 kHz
Pb—Free Packages are Available

Typical Applications

® AC-DC Converters

Wall Adapters

Portable Electronic Chargers

Low Power Standby and Keep—Alive Supplics

i ',,

ON Semiconductor®

hitp:/lonsemi.com

35>

Low Power Consumption Allowing European Blue Angel Comptiance

SOT-223
@ ST SUFFIX
. CASE 318E
Pin: 1.Vce
2.Control Input

MARKING
DIAGRAMS

8 A

PDIP-8 NCP105XZ
8 P SUFFIX D AWL
CASE 626A O YYWWG
1
Pt vee 00 U W
2. Controi Input
3, 7-8. Ground
4. Mo Connection
5. Power Switch Drain

AWW
N5XZe

O a

3.Power Switch Drain

4 Ground

™N X

Current Limit (0, 1, 2, 3, 4, 5)
Oscillator Frequency

A =44 kHz, B = 100 kHz, C = 136 kHz

Wafer Lot

Year

Work Week

= Pb-Free Package

[9]
9."%'(#
Houond

Assembly Location

{Note: Microdot may be in either location)

ORDERING INFORMATION
See detziled ordering and shipping informalion gn page 22 of

lhis dala sheet.

© Sermconductior Componerts indusires, LLC, 2006 1
February, 2006 - Rev. 9

Publication Order Number:

NCP1050/D




NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

V

I

Control Input 2

cc

Al
Pl

Converter
DC Qutput

5

Power Switch Circuit Output ¢ 5

Startup & Vo
Regulator Circuit

—— i i e, ya—

L Power
Fault Detector - Switch
l Circuit
Oscillator & 1:
Gating Logic

Pin Function Description

Figure 1. Typical Application

Pin Pin
{SOT-223) | (PDIP-8) Function Description

1 1 Vee This is the positive supply voltage inpul. During startup, power is supplied to this input
from Pin 5. When Ve reaches Vec(on), the Startup Circuit turns off and the output is
allowed to begin switching with 1.0 V hysteresis on the V¢ pin. The capacitance con-
nected to this pin programs fault timing and frequency modulation rate.

2 2 Control Input The Power Switch Circuit is tumed off when a current greater than approximately 50 pA
is drawn out of or applied to this pin. A 10 V clamp is built onto the chip to protect the
device from ESD damage or overvoitage conditions.

4 37,8 Ground This pin is the control circuit and Power Switch Circuit ground. It is part of the integrated
circuit lead frame.

- No Conneclion

3 5 Power Switch This pin is designed to directly drive the converter transformer primary, and intemally

Drain

connects to Power Switch and Startup Circuit.

hitp:/lonsemi.com
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

-
I Snubber I g’ ‘
) -

+

Converler
DC Quiput

J

=

1

+
_ Power Switch Circuit Outputl
_ r—— " """ "> "/"¥"7/ "7/ 7/ T T T T T T T T T T
Vee | Starup
| - Circuit
+ Startup/Vcc Reg
g
/ = | = » ] Fault Intemat
+ Detector Bi
Vcc Bypass! II 7585V ] s L_'i
Fault Tming/ | L ] Faull =
Voo Sweep =i S Latch
rvoltage Thermal Power
Conteol [ Lockout Shutdown Switch
. : Q Circuit
[ W R Driver ’
- =D
. 4.5V _—
N Vee I i
,: - |owm«|
. W=10pA Turn On
I 4B A (¥ I Latch
: O P
| —f
| p— . Q Ck
| 26V T
B a S 0 —
| L -
Control| - _} Dr R

Comparator

Figure 2. Representative Block Diagram

Current Limitj l +
I

Leading Edge
Blanking

pet—

L e e e ——— e ——————
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

fosc migh) | !

[ |
. 1
|
t
Oscillator Duty |
Cyde I_ | L
i !
i
I
|
]

} i{ —
T
|
i
|
| { | i [
Oscillator Clock -i I -I ‘i : L : -l : ] H L
— 11 ] 1 f M f1
AaTSPA_ | | | Lo A R I T [
WSATTT | | fyrr vy
ICONTROL, StNK | Lo | ! b ([ ol
0pA —————H—
R I T
| b Leading Edge On 'l LeadingEggeon N |
1 N Feedback Off |1 Duty Cyce Off 1 |
Leading Edge On I ) { ! [ i Leading Edge On
Duty Cycle Off Delay On No Second | Current Limit Of
1 o Duty Cycle Off i Pulse | | no
i | | oyl R | i
Power Switch l !
Circuit Gate Drive | |
( l
I } ! [ 7 [ O T [
| |1 | | Il i I b Current Limit
ori Cument | I I R T I AT Threshotd
rimary Curren _:/ i M i1 L:_:/ 1
'_H T Ly SS {4_ | o
'l Current Limit
— Propagalion
Delay

Figure 3. Timing Diagram for Gated Oscillator with Dual Edge PWM
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

!
i

=
g [
£
g [
=1
] |
[:]
£ I
=
E _
ETT T
-t 3 _
g e !
5 3 i
= |nh ﬂ
A
g !
2 =X ————= T
§ _
m IIIIII
5 - T
- O i
I IS [
e AT T T T i
z _
L]
QL
= |
R A L
g g _
o 2 |
- o _
=
8 g
4
_..m_ I [
Es g § oSEF
gg g ¢ ©
> I > 8 w
=
8
>

Hstart)
lee
lec
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Fault Removed

Fault Applied
Figure 4. Non-Latching Fault Condition Timing Diagram
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

MAXIMUM RATINGS
Rating Symbol Value Unit
Power Switch and Startup Circuit
Drain Voitage Range Vos —031t0700 v
Drain Current Peak During Transformer Saturation losiory 2.0 Im Max A
Power Supply/Vcc Bypass and Control Input
Vollage Range ViR —~0310 10 v
Cument tmax 100 mA
Thermal Characteristics *CAW
P Suffix, Plastic Package Case 626A-01
Junction—to—Lead RagL 9.0
Junction—to-Air, 2.0 Oz. Printed Circuit Copper Clad Raja
0.36 Sq. Inch 77
1.0 Sq. Inch 60
ST Suffix, Plastic Package Case 318E-04
Junction-to-Lead Ray 14
Junction-to~Air, 2.0 Oz. Printed Circuit Copper Clad Raia
0.36 Sq. Inch 14
1.0 Sq. Inch 85
Operating Junction Temperature T, -40 to +150 °C
Storage Temperature Tag —-6510 +150 °C

Maximurn ratings are those values beyond which device damage can ocour. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions) and are not valid simultaneously. if these limits are exceeded, devica functional operation is not implied,
damage may occur and reliability may be aflected.
A. This device series contains ESD protection and exceeds the following tests:
Pins 1-3: Human Body Model 2000 V per MIL-STD-883, Method 3015.
Machine Mode! Method 400 V.
Pin 5: Human Body Model 1000 V per MIL-STD-883, Method 3015
Machine Model Method 400 V.
Pin 5 is connected to the power switch and start-up circuits, and is rated only to the max voltage of the par, or 700 V.
8. This device contains Latch—up protection and exceeds = 100 mA per JEDEC Standard JESD78.

http:/lonsemi.com
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NCP1050, NCP10531, NCP1052, NCP1053, NCP1054, NCP1055

ELECTRICAL CHARACTERISTICS (Vg = 8.0V, for typical values Ty = 25°C, for min/max values, T is the operating junction
femperature range that applies (Note 1), unless otherwise noted.)

Characteristics Symbol I Min | Typ | Max I Unit

OSCILLATOR
Frequency (Vcc =7.5V) fosciiow) kHz
T, =25°C:

44 kHz Version 38 42.5 47

100 kHz Version 87 a7 107

136 kHz Version 1149 132 145
Ta = Tiow to Thigh

44 kHz Version 37 - 47

100 kHz Version 84 - 107

136 kHz Version 113 - 145
Frequency (Vgg = B.5 V) foscmighy kHz
Ty)=25°C:

44 kHz Version LY 455 50

100 kHz Version 93 103 "3

136 kHz Version 126 140 154
Ty=Twto Thigh

44 kHz Verston 39 - 50

100 kHz Version a0 - "3

136 kHz Versicn 120 - 154
Frequency Sweep (Voc = 7.5V o B5V, T) = 25°C) %fasc - 5.0 - %
Maximum Duty Cycle Bymax) 74 77 80 %
CONTROL INPUT
Lower Window Input Current Thrashold WA

Switching Enabled, Sink Current Increasing Yofiflow) -58 -475 -37

Swilching Disabled, Sink Current Decreasing tongiow) -50 -37.5 -25
Upper Window Input Current Threshold

Switching Enabled, Source Current Increasing loftghighy 37 47.5 58

Switching Disabled, Source Cumrent Decreasing lon(high) 25 375 50
Control Window input Voltage vV

Lower {lgnx = 25 pA) View 1.1 1.35 16

Upper {lgource = 25 pA) v 42 4.6 5.0

high

1. Tested junclion temperature range for the NCP105X series:

TID\M =-40°C Thigh = +125°C

http:/lonsemi.com
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

ELECTRICAL CHARACTERISTICS (Ve = 8.0V, for typical values Ty = 25°C, for min/max values, T, is the operating junclion
temperature range that applies (Note 2), unless otherwise noted.)

Characteristics symbol | Min [ Typ | Max | Unit |
POWER SWITCH CIRCUIT
Power Switch Circuit On-State Resistance Rps(on) Q
NCP1050, NCP1051, NCP1052 {Ip = 50 mA}
Ty=25°C N 22 o
T)=125°C - 42 595
NCP1053, NCP1054, NCP1055 {ip = 100 mA)
T,=25°C - 10 15
T) = 125°C - 23 28
Power Switch Circuit & Startup Breakdown Voltage ViBrR)DS 700 - - "
(lpgom = 100 pA, Tp = 25°C)
Power Switch Circuit & Startup Circuit Ofi-State Leakage Cument tbs(om wA
{(Vpg =650V) T,;=25°C - 25 40
T, =125°C - 15 80
Switching Characleristics (R = 50 ©2, Vpg set for Ip = 0.7 1) ns -
Tum-on Time (90% to 10%) lon - 20 -
Tum-~off Time {10% to 50%) e - 10 -
CURRENT LIMIT AND THERMAL PROTECTION
Curent Limit Threshold (T = 25°C) {(Note 5) Yim mA.
NCP1050 93 100 107
NCP1051 186 200 214 -
NCP1052 279 300 321 -
NCP1053 372 400 428 :
NCP1054 493 530 567
NCP1055 632 680 728 .
Conversion Power Deviation (T = 25°C) (Note 6) Bgsc - 0 10 %AZHz
Propagation Delay, Current Limit Threshold to Power Switch Circuit Output toLH ns
NCP1050, NCP1051, NCP1052 - 135 -
NCP 1053, NCP1054, NCP1055 - 160 -
Thermal Pratection (Vcc = 8.6 V) {Note 2, 3, 4) eC
Shutdown {Junction Temperature Increasing) Tag 140 160 -
Hysteresis (Junction Temperature Decreasing) Th - 75 -
STARTUP CONTROL
Stanlup/Vec Regulation A
Startup Threshold/Vee Regulation Peak (Vg Increasing) Vecion) 8.0 8.5 90 :
Minimum Operating/Ve Valley Voltage After Tum-On Vecom 7.0 15 8.0
Hysteresis VH - 1.0 -
Undervoltage Lockout Threshold Voltage, Ve Decreasing chmw, 4.0 45 50 v
Startup Circuit Output Cumrent (Power Switch Circuit Output = 40 V) lstart mA
Veg=0V
G, =25 54 6.3 7.2
Ty = 40 to 125°C 4.5 - 8.0
Ve =V -02Vv
chJ = ggi%ﬂ 4.6 56 6.6
Ty=-40to0 125°C 3.5 - 7.0
Minimum Start-up Drain Voltage (luan = 0.5 MA, Vg = Vegan) - 0.2 V) Vstar(min) - 134 20 v
Output Fault Condition Auto Restart
(Ve Capacitor = 10 pF, Power Switch Circuit Quiput = 40 V)
Average Switching Duty Cycle Drst - 6.0 - %
Frequency frst - 35 - Hz
- Tested junction temperature range for the NCP105X series:
Tiow = —40°C Thign = +125°C

Maximum package power dissipation limits must be observed.

. Guaranteed by design only.

- Adjust didt to reach Iy, in 4.0 psec.

- Consuit factory for additional options including test and trim for output power accuracy.

AW N

http:flonsemi.com
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055

ELECTRICAL CHARACTERISTICS (Ve = 8.0V, for typical valuas T = 25°C, for min/max values, T, is the operating junction

temperature range that appiies (Note 7), unless otherwise noted.)

[ Characteristics L Symbol | Min | Typ | Max | Unit [
TOTAL DEVICE
Power Supply Current After UVLO Tum—-0On {Note 8) mA
Power Switch Circuit Enabled lccy
NCP1050, NCP1051, NCP1052
44 kHz Version 0.35 0435 0.5335
100 kHz Version D.40 0.50 0.60
136 kHz Version 0.40 0.525 0.65
NCP1053, NCP1054, NCP1055 ’
44 kHz Version 0.40 050 | 060
100 kHz Version 0.45 0.575 0.70
136 kHz Version 0.50 0.65 0.80
Power Switch Circuit Disabted
Nen-Fault Condition lccz 0.35 0.45 0.55
Fault Condition lces 0.10 0.175 .| 0.25

7. Tested junction temperature range for the NCP105X seriaes:
Tiow = —40°C Thigh = +125°C
8. See Non-Latching Fautt Condition Timing Diagram in Figure 4.

http://onsemi.com
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055
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NCP1050, NCP1051, NCP1052, NCP1053, NCP1054, NCP1055
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1N4001, 1N4002, 1N4003,
1N4004, 1N4005, 1N4006,
1N4007

1M4004 and TN4D0T are Preferred Devices

Axial Lead Standard
Recovery Rectifiers

ON Semiconductor™

This data sheet provides information on subminiature size, axial
lead mounted rectifiers for general-purpose low—power applications.

Mechanical Characteristics
¢ Case: Epoxy, Molded
® Weight: 0.4 gram (approximately)

¢ Finish: AH External Surfaces Corrosion Resistant and Terminal

Leads are Readily Solderable

* Lead and Mounting Surface Temperature for Soldering Purposes:

220°C Max. for 10 Secends, 1/16” from case
¢ Shipped in plastic bags, 1000 per bag.
® Available Tape and Recled; 5000 per reel, by adding a “RL" suffix to

the part number

http:/flonsemi.com

LEAD MOUNTED RECTIFIERS
50-1000 VOLTS
DIFFUSED JUNCTION

* Available in Fan—Fold Packaging, 3000 per box, by adding a “FF”

suffix to the part number

® Polarity: Cathode Indicated by Polarity Band

® Marking: IN4001, 1N4002, IN4003, 1N4004, 1N4005, IN4006,

1N4007

MAXIMUM RATINGS

CASE 59-03
AXIAL LEAD
PLASTIC

MARKING DIAGRAM

AL
N
& 400x [ ———%

YYWW

AL = Assembly Location

1N400x = Device Number

x =1,2,3,4. 5607

YY = Year

ww = Work Week

Rating Symbol [ 1N4001 | 1NAGO2 | TN4003 | IN4004 | 1N4005 | 1INAOOG | 1N4007 Unit
*Peak Repelilive Reverse Voltage VRRM 50 100 200 400 600 800 1000 Volts
Working Peak Reverse Voltage VRwM
DC Blocking Voltage Vgr
*Non—Repelitive Peak Reverse Voltage Vs 60 120 240 480 720 1000 1200 Volts
(halfwave, single phase, 60 Hz}
*RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 Volts
"Average Rectified Forward Current o 1.0 Amp
{single phase, resistive load,
60 Hz, Ty = 75°C)
*Non-Repetltive Peak Surge Current lrsm 30 {for 1 cycle) Amp
(surge applied at rated load
conditions)
Operating and Storage Junction Ty -65t0 +175 °C
Temperature Range Tag
“Indicates JEDEC Registered Data
ORDERING INFORMATION

See detailed ordering and shipping information on page 2 of
this data sheet.

Preferved devices are recommended choices for future use
and best overall value.

© Samiconducior Components ndustries, LLG, 2001
March, 2001 - Rev. 7

Publication Order Number:
1H4001/D




1N4001, 1N4002, 1N4003, 1N4004, 1N4005, 1N4006, 1N4007

ELECTRICAL CHARACTERISTICS*

Rating Symbol Typ Max Unit

Maximum Instantaneous Forward Volage Drop VE 0.93 11 Volts
(i =1.0 Amp, T; = 25°C)

Maximum Full-Cydle Average Forward Voltage Drop VE@av) - 08 Volts
{io = 1.0 Amp, T = 75°C, 1 inch leads)

Maximum Reverse Current (rated dc voltage) Ir pA
(Ty=25°C) 0.0 10
(Ty=100°C}) 1.0 50

Maxirnum Full-Cycle Average Reverse Current tr{av) - 30 A

(lo = 1.0 Amp, Ty = 75°C, 1 inch leads)

*Indicates JEDEC Registered Data

ORDERING & SHIPPING INFORMATION

Device Package Shipping
1N4001 Axial Lead 1000 Unils/Bag
1N4CCIFF Axial Lead 3000 Units/Box
1N4DQ1RL Axial Lead 5000/Tape & Reel
1N4002 - Axial Lead 1000 Units/Bag
IN4002FF Axial Lead 3000 Units/Box
1N4002RL Axial Lead 5000/Tape & Reel
1N4003 Axial Lead 1000 Units/Bag
1N4CO3FF . Axial Lead 3000 Units/Box
TN4003RL Axjal Lead 5000/Tape & Reel
1N4O4 | Axial Lead 1000 Units/Bag
1N4004FF Axiaf Lead 3000 UnitsBox
1N40C4RL Axlal Lead 5000/Tape & Reel
1N4005S . Axial Lead 1000 Units/Bag
1N4005SFF Axial Lead 3000 Units/Box
1N4G0SRL Axial Lead 5000/Tape & Reel
1N4006 - Axial Lead 1000 Units/Bag
1N4QOBFF Axial Lead 3000 Units/Box
1N4006RL Axial Lead 5000/Tape & Reel
1N4007 Axial Lead 1000 Units/Bag
1N4007FF Axial Lead 3000 Units/Box
1N4007RL Axial Lead 5000/Tape & Reel

hitp://fonsemi.com
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MUR120 Series

Preferred Devices

SWITCHMODE™
Power Rectifiers

MUR105, MUR110, MUR115, MUR120,
MUR130, MUR140, MUR160

The MUR120 series of SWITCHMODE power rectifiers are
designed for use in switching power supplies, inverters and as free
wheeling diodes.

Features

Ultrafast 25, S0 and 75 Nanosecond Recovery Times
175°C Operating Junction Temperature

Low Forward Voltage

Low Leakage Current

High Temperature Glass Passivated Junction
Reverse Voltage to 600 V

Shipped in Plastic Bags; 1,000 per Bag

the Part Number
# These are Pb—Free Devices*

Mechanical Characteristics:

¢ Case: Epoxy, Molded

® Weight: 0.4 Gram (Approximately)

¢ Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

¢ Lead Temperature for Soldering Purposes:
260°C Max. for 10 Seconds

® Polarity: Cathode Indicated by Polarity Band

*For additional information on our Pb-Free sirategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

ON Semiconductor®

http://fonsemi.com

ULTRAFAST RECTIFIERS
1.0 AMPERE, 50 - 600 VOLTS

—P—

Available Tape and Reel; 5,000 per Reel, by adding a “RL” Suffix to

AXIAL LEAD
CASE 59
STYLE 1

MARKING DIAGRAM

«— 2
A = Assembly Location
MUR1xx= Spedific Device Code
Y = Year

ww = Work Week

. = Pb~Free Package

(Note: Microdot may be in either location)

ORDERING INFORMATION

See defailed ondering and shipping information in the package
dimenskens section on page 6 of this data sheet.

Preferred devices are recommended choices for future use
and best overall value,

© Semiconducior Componets Industrias, LLC, 2006 1
July, 2006 - Rev. 10

Publication Order Number:
MUR120/D




MUR120 Series

MAXIMUM RATINGS
MUR

Rating Symbot 105 | 110 | 115 | 120 |} 130 | 140 | 160 Unit
Peak Repetitive Reverse Vollage VRRM S0 | 100 § 150 | 200 { 300 | 400 | 600 v
Working Peak Reverse Voltage Ve
DC Blocking Voltage Vg
Average Reclified Forward Current triav) 1.0 @ Ta = 130°C 1.0@ Tp=120°C A
(Square Wave Mounting Method #3 Per Note 2)
Nenrepelitive Peak Surge Cument IFsm 35 A
{Surge applied at rated load conditions, halfwave,
single phase, 60 Hz)
Opetating Junction Temperature and Slorage Temperature Ti Tag -65t0 +175 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Condillons is not impiied. Extended exposure to stresses above the Recommended Operating Conditions may afiect
device reliability.

THERMAL CHARACTERISTICS

Characterisic Symbol Max Unit
Maximum Thermal Resistance, Junction—to-Ambient Raya Note 2 ) °Crw
ELECTR!ICAL CHARACTERISTICS .
Maximum Instantaneous Forward Voltage (Note 1) VF \Y
(iF = 1.0 Amp, T = 150°C) 0.710 1.05
(iF = 1.0 Amp, T; = 25°C) 0.875 1.25 i
Maximum Instantaneous Reverse Current (Note 1) iR : pA
(Rated DC Voltage, Ty = 150°C) 50 150
(Rated DC Voltage, T, = 25°C) 2.0 50
Maximum Reverse Recovery Time [ ns
{Ir = 1.0 A, di/dt = 50 Alus) 35 75
(IF=0.5Air=1.0A, Iggc = 0.25 A) 25 50
Maximum Forward Recovery Time ty 25 50 ns
{tr = 1.0 A, difdt = 100 Afus, Igec to 1.0 V)

1. Pulse Test: Pulse Width = 300 ps, Duty Cycle £ 2.0%.

http:/lonsemi.com
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1N5820, 1N5821, 1N5822

1NS5820 and 1N5822 are Preferred Devices
Axial Lead Rectifiers

This series employs the Schottky Barrier principle in 2 large area
metal~to-silicon power diode. State—of~the—art geometry features
chrome barrier metal, epitaxial construction with oxide passivation . ®
and metal overlap contact. [deally suited for use as rectifiers in _ON Semiconductor
low—voltage, high—frequency inverters, free wheeling diodes, and
polarity protection diodes.

http:flonsemi.com

Features SCHOTTKY BARRIER
¢ Extremely Low Vg RECTIFIERS

® Low Power Loss/High Efficiency 3.0 AMPERES

® Low Stored Charge, Majority Carrier Conduction 20, 30, 40 VOLTS

* Shipped in plastic bags, 500 per bag

L ]

Available in Tape and Reel, 1500 per reel, by adding a “RL” suffix to
the part number

® Pb—Free Packages are Available*

Mechanical Characteristics:
® Case: Epoxy, Molded
® Weight: 1.1 Gram (Approximately)

¢ Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

® Lead Temperature for Soldering Purposes:

260°C Max. for 10 Seconds AXIAL LEAD
® Polarity: Cathode indicated by Polarity Band . ‘iggfzim'g)s
STYLE 1
MARKING DIAGRAM
A
. 1N
é 582x 2,
YYWWs
A = Assembly Location
1N582x = Device Code
x =0,1,0r2
YY = Year
- WW = Work Week
. = Pb-Free Package

{Note: Microdot may be in either location)

ORDERING INFORMATION

See detalled ordering and shipping imformation on page 3 of
this data sheet.

Preferred devices are recommended cholees for future use
“For additional information on our Pb~Free strategy and soldering details, please and best overall vake.
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D,

© Semiconductor Components indusinies, LLC, 2006 1

Publication Order Number;
June, 2006 - Rev. 9

1N35820/D




1N5820, 1N5821, 1N5822

MAXIMUM RATINGS
Rating Symbol | 1N5820 | 1N5821 | 1N5822 Unit
Peak Repelitive Reverse Vollage VRRM 20 30 40 v
Working Peak Reverse Voltage Viwm
DC Blocking Voltage Va
Non-Repetitive Peak Reverse Voltage VrsM 24 36 48 \'4
RMS Reverse Voltage VR{RMS) 14 21 28 v
Average Rectified Forward Current (Note 1) o 3.0 A
VRequiv) = 0.2 Viyde). Ty = 95°C -t -
(Raya = 28°C/AW, P.C. Board Mounting, see Note 5)
Ambient Temperature Ta 90 85 80 °C
Raled Vig(ge), Pran =0
Rpya = 28°CIW
Non-Repetitive Peak Surge Current (Y] 80 {for one cycte} A
(Surge applied at rated load conditions, half wave, single phase
60 Hz, Ty = 75°C)
Operating and Storage Junction Temperature Range T1 Tag 6510 +125 *C
{Reverse Voltage applied)

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional eperation above the

Recommended Operating Conditions is not implied. Extended e
device reliability.

*THERMAL CHARACTERISTICS (Note 5)

xposure to stresses above the Recornmended Operating Condilions may affect

Characteristic Symbol Max Unit
Therrnat Resistance, Junction-to—Ambient Reja 28 *CIW
*ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted} (Note 1)
Characteristic ‘ Symbol 1NS5820 | 1IN5821 | 1N5822 Unit
Maximum Instantaneous Forward Voltage {Note 2) VE \4
{ir = 1.0 Amp) 0.370 0.380 0.350
(ir = 3.0 Amp) 0.475 0.500 0.525
(ir = 9.4 Amp) 0850 | 0900 | o950
Maximum instantaneous Reverse Current iR mA
@ Rated dc Voltage (Note 2)
TL=25C 20 20 2.0
Ty = 100¢C 20 20 20

1. Lead Temperature reference is cathode fead /32" from case.

2. Pulse Test: Pulse Width = 300 ps, Duty Cyde = 2.0%.
*Indicates JEDEC Registered Data for 1N5820-22,

http:/lonsemi.com
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SHARP

PC817 Series

PC817 Series

High Density Mounting Type
Photocoupler

® Lead forming type (1type } and taping reei type (P type ) ase also available. (PGB17UPCB17P )

o8 TUV (VDE0S84 ) approved type is also available as an option.

H Features _
1. Current transfer ratio
(CTR: MIN. 50% atl;= 5mA ,Vce=5V)
2. High isolation voltage between input and
output (Vi : 5 000V i)
3. Compact dual-in-line package

PC817 : 1-channel type
PCB27 : 2-channel type
PCB837 : 3-channel type

PC847 : 4channel type
4. Recognized by UL, file No. E64380

R Outline Dimensions

Applications
1. Computer terminals
2. System appliances, measuring instruments

3. Registers, copiers, automatic vending
machines

4. Electric home appliances, such as fan
heaters, etc.

5. Signal rransmission between circuits of
different potentials and impedances

{ Unit : mm)
PC817 PC827
2544025 Intemnal connection dSagram 2544025 Internal connection diagrarn
elol @@
CTR @)?1:@“ G]i_? P ) ra ®D®®
fank mark_ | ;a S
M O w
Anode mark_+* %) © [B']
®| ) Ui @D Anode
i 0.3“;; %%Carmde
1.2* . Emitler
762227 & Collector
- “ 4.58’05
T =
6_ i ! ;::I \ﬁ 0_25*0.1
z:,- 6.5*01 e: gto 13 ;=0t013'
PC837
Internal connection Intemal connection
x 254% 0.25 dagram é . 254025 diagram
£ 209D O®Q E
0|0 090. 00 VAVEVI §®1a,?“n;‘%‘2‘§,? POOBRD OO
B RE S HIEEE A
ol|lece e ollecess e ® ®
0.g02 09402
LZ*O'B B} " 12t03 19A82105 }
L ow L 1474203 Bl i
A 3 el L] flozer
°:§:J 5 Bl 1 -8
"?:-1_ % 0.5404 Tt e=0to13*
- 0.5+01 ADED Anode @GS Emitter
@AEE Cathode 3424949 Collector

data books, efr. Conlacl SHARP in order ko obtain e btes! version of bhe: devics specibicati

Tn the absence of confirmaton by device spacfication sheets, SHARP takus ro responsibety lor any defects that ocour n equipment using any of SHARP's devices, shown in catalogs,
sheeds before using any SHARP's device.”




SHARP

PC817 Series

B Absolute Maximum Ratings (Ta= 25°C)
Parameter Symbol Rating Unit
Forward current Ir 50 mA
*1Peak forward cument Irn I A
1nput : -
Reverse voltage Vi 6 v
Power dissipation P Lm0 | mWw
Collector-emitter voltage Vcra 1 35 v
Output Emitter-collector voltage Veco E__ v
Collector current Ic 30 mA
Collector power dissipation Pc 150 mwW
Total power dissipation Pa 200 mwW
*Ysolation voltage Vio 5 000 V me
Operating temperature T oge -30m + 100 C
Storage temperature T o -5l +125 'C
“Soldering temperature T st 260 'C
*1 Palse width<=100ps, Duty ratio : 0.001
*2 40 to 60 RH, AC for 1 minute
*3 For 10 seconds
A Electro-optical Characteristics (Ta= 25°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Forward voltage V& Te=20mA - 1.2 1.4 v
tnput | _Pesk forward voliage Veu | I=05A R - 3.0 v
Reverse cumrent Ir V=4V _ - - 10 jtA
Terminal capacitance Ci v=0,f=ikHz - 30 250 pF
Quiput | Collector dark current 1ceo Va=20v - . 107 A
"‘Current transfer ratio CTR Ir=SmA, Vo= 5V 50 - 600 %
Collector-emister saturation voltage V cE{en lr=20mA, I c~ ImA - 0.1 0.2 v
Transfer |_Isolation resistance Riso | DCSOV, 40 to 60% RH sx10° | 1g¢ - Q
charac- | Floating capacitance Cs V=0, = IMHz - 0.6 1.0 pF
teristics | Cut-off frequency 1. V=5V, ¢ ImA Re - 100Q,- ¥R . 20 ) KHz
Response fime  |-oseime o Va=2V,1c= 2mA, Ri= 1009 - . 18 pe
Fall time tr ! ’ - 3 18 Is

*4 Classification table of current transfer ratio is shown below.

Model No. Rank mark CTR (%)

PCB17A A 80 10 160

PCB17B B 13010260 _ -
PCB17C C 20060400 £
PC317D D 300 to 600 =
PCSaTAB AorB 80 to 260 g
PCB#7BC BorC 130 to 400 g
PCB27CD CorD 200 t0 600 . g
PCS#7AC A,BorC 80 to 400 4
PCB&7BD B.CorD 13010600
PC8#TAD A,B.CorD 80 to 600

PCB&T A, B, C, Dor No mark 50 to 600

@®:lor2ordord

&0

Fig. 1 Forward Current vs.
Ambient Temperature
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TL431, A, B Series,
NCV431A, B

Programmable
Precision References

The TL431, A, B integrated circuits are three~terminal
programmable shunt regulator diodes. These monolithic IC vollage
references operate as a low temperature coefficient zener which is
programmable from Vi.rto 36 V with two extemnal resistors. These
devices exhibit 2 wide operating current range of 1.0 mA to 100 mA
with a typical dynamic impedance of 0.22 € The characteristics of
these references make them excellent replacements for zener diodes in
many applications such as digital volimeters, power supplies, and op
amp circuitry. The 2.5 V reference makes it convenient to obtain a
stable reference from 5.0 V logic supplies, and since the TL431, A, B
operales as a shunt rcgulator, it can be used as either a positive or
negative vollage refercnce,

Features

® Programmable Qutput Voltage to 36 V

® Voltage Reference Tolerance: £0.4%, Typ @ 25°C (TL431B)
¢ Low Dynamic Qutput Impedance, 0.22 ©Q Typical

Sink Current Capability of 1.0 mA to 100 mA

Temperature Compensated for Operation over Full Rated Operating
Temperature Range

Low Qutput Noise Voltage
Pb—Free Packages are Available

ON Semiconductor®

hitp:ffonsemi.com

T0-92 (TO-226)

Equivalent Full-Range Temperature Coefficient of 50 ppm/°C Typical

LP SUFFIX
CASE 29
Pin 1. Reference
i, 2. Anode
3 3. Cathode
PDIP-8
P SUFFIX
8 CASE 626
1
Microg™
DM SUFFIX
8 @
: CASE 846A
Cathode | 1] [ 8] Reterence
ne{2] NG
wel3] [ 6] Anode
nic 4] 5| NiG
(Top View)
sQIC-a
o @ D SUFFIX
CASE 751

1

Caﬂmelzo Ilﬂelereme
(] 7]
ne (4] 5] e

(Top View)

_This is an iflemalty modified SOIC-8 package. Pins 2, 3, 6 and

7 are etectrically common to the die attach flag. This intemal
lead frame modification increases power dissipation capability
when appropriately mounted on a printed dircuit board. This
modified package conforms to all external dimensions of the
standard SOIC~8 package.

ORDERING INFORMATION
See detailed ordering and shipping Information in the package
dimensions section on page 13 of tis data sheet,

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 16 of this data sheet.

@ Semiconductor Components Industriea, LLC, 2006 1
November, 2006 - Rev. 25

FPublication Crder Number:
TLAZD




TL431, A, B Series, NCV431A, B

Symbol Representative Schematic Diagram
Component values are nominal
Cathode
LY Cathode (1}
Aeference > I - " .
{R)
BOO 800
" ) 20pF
“ <1 |
tative Block Diagra 1
Represen C gram £ azm 150 i
_l " 40k
Cathode 10%
(K 24k % !
10k
800 a
Anode [A)
This device contains 12 active transistors,
MAXIMUM RATINGS (Full operating ambient temperature rangs applies, unless ctherwise noted.)
Rating Symbol Value Unit
Cathode to Anode Voltage Via 37 v
Cathode Current Range, Continuous ik —100 to +150 mA
Reference Input Current Range, Continuous Tret -0.05tc +10 mA
Operating Junction Temperature Ty 150 C
QOperating Ambient Temperature Range Ta “C
TL431i, TL431Al, TL431BI 40 to +85
TL431C, TL431AC, TL431BC Oto +70
NCWV431A), NCV431B, TLAMBY -40to +125
Storage Temperature Range Ty —65to +150 °C
Total Power Dissipation @ Ta = 25°C Pg w
Derate above 25°C Ambient Temperature
D, LP Sufiix Plastic Package 070
P Suffix Plastic Package 1,10
DM Sufiix Plastic Package 0.52
Total Power Dissipation @ T = 25°C Pp w
Derate above 25°C Case Temperature
D, LP Suffix Plastic Package 15
P Suffix Plastic Package 3.0
ESD Rating HBM >2000 Vv
MM =200

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the

Recommended Operating Conditions is not implied. Extended exposure to siresses above the Recommended Operating Conditions may affect
device reliability.

RECOMMENDED OPERATING CONDITIONS

Condition Symbol Min Max Unit
Cathode to Anode Voltage Via Viet 36 v
Cathode Current I 10 100 mA
THERMAL CHARACTERISTICS
D, LP Suffix P Suffix DM Suffix
Characteristic Symbol Package Package Package Unit
Thermal Resistance, Junclion-to-Ambient Raja t78 14 240 W
Thermal Resistance, Junction—-to-Case Rasc 83 a1 - °CW

http:/lonsemi.com
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TL431, A, B Series, NCV431A, B

ELECTRICAL CHARACTERISTICS (T, = 25°C, uniess otherwise noted.)

TLA31! TL431C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Reference Input Voltage (Figure 1} Vet v
Vs = me. IK =10 mA
T = 25°C 244 2495 255 244 2495 2.55
Ta = Tagw t0 Trugn (Note 1) 2.41 - 258 ] 2423 - 2.567
Reference Input Voltage Deviation Over AVief - 7.0 30 - 3.0 17 mv
Temperature Range {Figure 1, Notes 1, 2}
VA= Vrer, I = 10 mA
Ratio of Change in Reference Input Voltage to Change AV § mviiv
in Cathode to Anode Voltage K"\?'@'
Ik = 10 mA {Figure 2), KA
AVica = 10 V10 Vigy - -14 | 27 - -1.4 -2.7
AVia=36Vio 10V - -1.0 -2.0 - -1.0 =20
Reference Input Current (Figure 2) lpef pA
lk=10mA, R1 =10k, R2 = o
Ta=25°C - 1.8 4.0 - 18 4.0
Ta = Tigw 10 Tygn {Note 1) - - 6.5 - - 52
Reference Input Current Deviation Over Aleer - 0.8 25 - 0.4 1.2 (I
Temperature Range (Figure 2, Note 1, 4}
le=10mA R1=10k, R2 ==
Minimumn Cathode Current For Regulation . - 0.5 1.0 - 0.5 1.0 mA
VKA = Viet (Figure 1)
Off-State Cathode Current (Figure 3) lo - 20 1000 - 20 1000 nA
VA= 36V, Vg s 0V :
Dynamic Impedance (Figure 1, Note 3) [Zxal - 0.22 0.5 - 0.22 05 Q
Via = Vet Al = 1.0 mA to 100 mA
f<10kHz
1. Tiow

—-40°C for TLA31AIP TL431AILP, TL4311P, TL431iLP, TL431BID, TL431B!P, TLA31BILP, TL431AIDM, TL431I1DM, TL431BIDM;
0°C for TL431ACP, TL431ACLP, TLA31CP, TL431CLP, TL431CD, TLA31ACD, TLA31BCD, TL431BCP, TL4318CLP, TLA31CDM,
TLAI1ACDM, TL431BCDM

+85°C for TLAMAIP, TLA31AILP, TL431IP, TL431ILP, TL4318ID, TL431BIPF, TL431BILP, TL431IDM, TL431AIDM, TL431BIDM
+70°C for TL431ACP, TL431ACLP, TL431CP, TL431ACD, TL431BCD, TL431BCP, TL431BCLP, TL431CDM, TLA31ACDM,
TL4318CDM

2. The deviaticn parameter AV is defined as the difference between the maximum and minimum values obtained over the tuli operating
ambient temperature range that applies.

Thigh

H

Ve max —_

DVyy = Vigymax
Vit iy
ATy =T~ Ty
Vg Min
T
Amblent Temparature
AV
—— el }yxq06
ppm  \ Vet @25°C AV, 4x 106
The average temperature coeflicient of the reference inpul voltage, aVgr is defined as: Vief s = AT, ==a TV o @ 5°C)
e

aVyel €an be positive or negative depending on whether Vigr Min or Vg Max occurs at the lower ambient temperature, (Refer to Figure 6.)
Example : A\.f,ef = 8.0 mV and slope is positive,
&
v 25°C = 2495V, AT, = 70°C = 0.008x10% o
i @ A aVes =35 {2435) = 458pPm/°C

AV
3. The dynamic impedance Zgy is defined as: 2yl = a 'K'A. When the device is programmed with two external resistors, R1 and R2,
K

{refer to Figure 2) the total dynamic impedance of the circuit is defined as: Bya'l = 1Zyal ( 14 22—1)

http:/loansemi.com
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TL431, A, B Series, NCV431A, B

ELECTRICAL CHARACTERISTICS (T4 = 25°C, unless olherwise noted.)

TL431B%/ TL431BV
TL431Al / NCV431A1 TLA3JAC NCV431BV
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | unit
Reference Input Voltage (Figure 1) Vet v
Via = Ve, Ik = 10 mA
Ta=25C 247 | 2495 1252 | 247 12495 | 252 | 2.483 | 2.495 | 2507
Ta = Tiow 1© Thigh 2.44 - 255 ;2453 | - |2.537]2475 2495|2515
Reference Input Voltage Deviation Over AViet - 7.0 30 - 3.0 17 - 3.0 17 mv
Temperature Range (Figure 1, Notes 4, 5)
Via= Vit Ik = 10 mA
Ratio of Change in Reference Input Vollage to Avref mviv
Change in Cathode to Anode Voltage o
Ik = 10 mA (Figure 2), KA
AViga = 10V to Vigy - =427 - {1427 - |-14]|-27
AVka =36 Vic 10V - =-1.0 {20 - -1.0 | -20 - -10 | -20
Reference Input Current {Figure 2) tef ' pA
lk=10mA R1=10k R2= .
Ta = 25°C - 18 4.0 - 18 40 - 11 2.0
Ta = Tigw 10 Tygn {Note 4} - - 6.5 - - 5.2 - - 4.0
Reference tnput Current Deviation Over Aler - 08 25 - 04 12 - 0.8 2.5 pA
Temperature Range (Figure 2, Note 4) :
lk=10mA R1 =10k, R2 = .
Minimum Cathede Current For Regulation Jeninn - 05 1.0 - 0.5 1.0 - 0.5 1.0 | mA
Vica = Vg (Figure 1) :
Off-State Cathode Current {Figure 3) logt - 20 1000 - 20 1000 - 0.23 | 500 nA
VKa =36V, V=0V
Dynamic Impedance {Figure 1, Note 6) 1Zweal - oz jos) - {o22] 05 - Joa]os | o
Vika = Vier, Al = 1.0 mA o 100 mA
f<10kHz
4. Tigw = =40°C for TL431AIP TLA31AILP, TL431IP, TLA31ILP, TL431BID, TL431BIP, TL431BILP, TL431BV, TLA31AIDM, TL4311DM,

TL431BIDM, NCV431AIDMR2, NCV431AIDR2

= 0°C for TL431ACP, TL431ACLP, TL431CP, TL431CLP, TL431CD, TLA31ACD, TL431BCO, TL431BCP, TL431BCLP, TL431CDM,
TL431ACDM, TLA31BCDM .
Thigh = +85°C for TLA31AIP, TL431AILP, TL431IP, TL431ILP, TL431 BID, TL431BIP, TL431BILP, TL4311DM, TL431AIDM, TL431BIDM

+70°C for TL431ACP, TL431ACLP, TL431CP, TL431ACD, TL431BCD, TL431 BCP, TL431BCLP, TLA31CDM, TL431ACDM,
TL431BCDM .

= +125°C TLA31BV, NCV431AIDMR2, NCV431AIDR2, NCV431BVDMR2G

5. The deviation parameter AVyy is defined as the difference between the maximum and minimum values oblained over the full operating
ambient temperature range that applies.

AVig = Vi Max
Vg in
. ATy =Ty-Ty
Vet Min |
|
T ; T2
Ambient Temperature _M—"f’ X 106
The te: fhcient of the ref ollage, aVog s defined pom _ \ Vrer 8257°C A Vg% 109
average temperature coefficient of the referenca input v , Vgt IS as: V = = =
ref =¢ AT, AT,V @25°C)

Ve can be positive or negative depending on whether Ve Min or Ve Max ocours at the lower ambient temperature. (Iie‘l’er to Figure 6.)

Example : AV ¢ = 8.0mV and slope is positive,

V_ @25°C = 2485V, AT, = 70°C - 0.008x 108 _ .
ef@ A uVm‘ 70 (2.495) 45.8 ppm/=C

AV
. The dynamic impedance Zya is defined as Zypl = y |KA When the device is programmed with two external resistors, R1 and R2, {refer
K

to Figure 2) the total dynamic impedance of the circut is defined as: [Zy,'} = 12yl { + + -';-2‘-)
7. NCV431AIDMR2, NCV431AIDR2, NCV431BVDMR2G Tigw ==40°C, Thigh = +125°C. Guaranteed by design. NCV prefix is for automolive
and other applications requiring site and change control,

http:/fonsemi.com
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LM117/LM317A/LM317

General Description

The LM117 series of adjustatie Herminal positive volage
regulaiors is capable of supplying in excess of 1.5A over a
1.2V o 37V outpiA range, They are exceptionally easy W
use and require only two exiemnal resistors o set the output
vollage. Further, both fine and load regulation are betier than
standard fixed reguiators. Alsp, the LM117 is packaged in
standard transistor packages which are easfly mounted and
handled.

In addktion 10 higher performance than fixed regulators, the
LM*#17 series offers full overioad protedion available onty in
IC's. Included on the chip are cirent limit, thermal overload
protection and safe area protection. Al overioad protection
cirguitry remains fully functionaf even il the adjustment termi-
nal js disconnected.

Normally, no capacitors are needed unkess the device is situ-
aled more than 6 inches from the Input filter capacitors in
which case an inpul bypass is needed. An optional ourput
capacitor can be added to improva transient response. The
edjusiment terminal can be bypaseed o achieve very high
rippie rejection ratios which are difficult to achieve with stan-
dard 3-terminal regulators,

Besides replacing fixed regulators, the LM117 is useful in a
wide variety of other applications. Since the regulator is
"fioating” and sees only the input-to-ourput differential voit-

NNational Semiconductor

August 1999

3-Terminal Adjustable Regulator

ape. supplles of several hundred volts can be regulated as
long ae the maximum inpul 10 output diflerential is not ex-
ceaded, i.e., avoid short-arailing the output.

Also, H makes an espedally simple adjustable switching
regulator, a programmable output regulator, or by connecting
a fixed resistor between the adjustment pin and output, the
LM117 can be used as a precision currerit regulator. Sup-
ples with glactronic shutdown can be achieved by clamping
the adjustmant terminal to ground which programs the out-
put 0 1.2V where mosl loads draw little current.

For applications requiring greater output currert, see LM150
sarles {JA) and LM138 seres (5A) data sheets. For the
hegative complement, see LM137 series data sheet.

Features _

u Guaranieed 1% output voltage tolerance (LM317A)
m Guaranteed max. 0.01%/V line regufation {(LM317A}
= Guaranteed max. 0.3% load regulation (LM117)

¥ Guaranteed 1.5A outpd current

u Adustable output down to 1.2V

u Current #mil constant with temperature

u P* Produci Enhancemant tested

% B4 dB ripple rejection

® Quiput is short-circuit protected

Typical Applications

1.2V-25V Adjustable Regulator
LMn?

Viy o 8V ¥Yin Vour vayurtt
IN< D fouy
<
‘p 24
—_—t 1 2t
—Tb1F 1uF
1
e 35
CBOMN0E3-1

Ful output current ol avaliable &t high Fpul-output yokeges
‘Nemﬂmhmthnsmmmuudu:

pti:-ml—lmprmmuu-lmpumt On.qalc-p:muhmw
ol 1 pF to 1000 T of alumninum or

mﬂmawermumwmmmmmdw-

1Vyy = 125 (n . F‘—) + lanAR}

LM117 Series Packages

‘anrt Number Design

Sufflx Package Load
Current

K TO3 1.5A

H TO-39 0.5A

T T0-220 1.5A

E LCC 0.5A

s TO-263 1.5A

EMP 507-223 1A
MDY TO-252 0.5A

SOT-223 vs D-Pak (TO-252)

Packages
=R
E==
il

[ =N

50T-223

Scale 1:1

10e|nBoy ojqesnipy [eujwsel-¢ LLEWVVLLEWLLLAT

& 15999 Natonal Semiconducior Corpomtion DS009062
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Absolute Maximum Ratings e 1)

If Military/Aerospace specified devices are required,
phease contact the National Semiconductor Sakes Office/
Distributors for availabiiity and specifications.

Power Dissipation

Inpu-Output Violtage: Differential

Storage Temperature
Lead Termperature

Internatty Limied
+40V, —0.3v
—65'C to +150°C

Metal Package (Soldering. 10 seconds) 300°C
Plaslic Package (Soldering, 4 seconds) 260°C

ESD Telerance (Note 5)

3kV

Operating Temperature Range

LM117 -65'C < T, 5 +150°C
LM317A ~40°C £ T, £ +125°C
LM317 0C T, s +125¢C
Preconditioning

Thermal Limit Bum-tn Al Davices 100%

Electrical Characteristics (o 3

Specifications with standard type face are for T, * 25'C, and those with boldfate'type apply over full Operating Tempera-
ture Range. Unless otherwise specifiod, Vi = Vaur * 5V, and lgyr = 10 mA.

Parameter Conditions LM117 (Note 2} Units
Min Typ Max
Reference Voltage Vv
IV S (Vo ~ Vour) 5 40V, 1.20 125 1.30 v
10 MA < loyt $ haoe P S Praax .
Line Regutation IV S (Ve - Vounr) S 40V (Nowe 4) | 001 0.02 Py,
. 0.02 0.05 %V
Load Regulation 10 MA S foyr S by (Note 4) 0.1 6.3 %
' - 93 1 %
Thermal Regulation 20 ms Pulse R 0.03 0.07 oW
Adjustment Pin Current . 50 100 PA
Adjustment Pin Current Change 10 mA € loyy S Ty 0.2 5 HA
IV S (Vi = Vour) S 40V
Temperature Stability Toard 5 T3 € Topux 1 %
Minimum Load Gurrent Vi = Vo) = 40V . 35 3 A,
Current Limit (Vin = Vigur) S 15V
K Package ' 15 2.2 3.4 A
H Packages i 0.5 0.8 1.8 A
Vin ~ Vour) = 40V - -
K Packege ) L 03 04 A
H Package " | eas 02 A
RMS Output Noise, % of Vot 10 Hz < f s 10 kHz 0.003 %
Ripple Rejection Ratio Vour = 10V, { = 120 Hz, 65 dB
Capy = O F '
Vour = 10V, f = 120 Hz, 66 80 dB
Caps = 10pF
Leng-Term Stability Ty = 125°C, 1000 hrs 0.3 1 %
Thermal Resistance, K Package 23 3 'Crw
Junction-to-Case H Patkage 12 15 W
E Package cw
Thenmal Resistance; Junction- K Package 5 ‘T
to-Ambient (No Heat Sink} H Package . 140 ‘W
E Package ‘A

WA natonal com 2




Electrical Characteristics (ot 3)
Specifications with standard type face are for T el- 25'C, and these with boldface type apply over fuli Operating Tempera-
10 mA.

ture Range. Uniess otherwise spedified, Vyy, - = 5V and lyyr =
Parameter Conditians T m3ira LM317 Unlts
| Min Typ Max Min Typ | Max
Reference Voltage 1238 1 1.250 | 1262 v
3V 2 (Vi = Vour) £ 40V, 1225 {1250 | $.270 | 120 | 125 | 1.230 v
10 MA S 1547 S haax P € Prax
Line Regulation IV < (Vg — Vaur) S 40V (Note 4) 0.005 | 001 0.01 | 0.04 EOY
B o601 | 002 002 | 0.07 | %V
Load Regutation 10 MA S lour < buax (Note 4) 0.1 05 0t | 05 %
03 1 ¢.3 1.5 %
Thermal Regulation 20 ms Pulsa 004 | 007 004 | 0.07 | %W
Adjustment Pin Current 50 100 50 100 pA
Adjustment Pin Currend 10 MA < loyr S uax 02 5 0.2 5 pA
Change IV S (Vi = Vour) S 40V
Temperature Stability Thare S Ty S Tax 1 1 Yo
Minknum Load Cisrent (Vi ~ Vgur) = 40V A5 10 35 10 mA
Curreni Limit Vs -~ Vour) $ 15V
K, T, § Packages 1.5 22 3.4 15 2.2 34 A
H Pachkage 0.5 0.8 18 0.5 08 18 A
MP Package 15 22 34 15 22 34 A
(Vi = Vour) * 40V
K. T. 'S Packepes 015 | 04 015 | 04 A
H Package 0075 { - 02 0073 02 A
MP Package 0.55 04 0.15 0.4 A
RMS Qutput Noise, % of Vayy 10Hz <15 10 kHz o003 0.003 %
Ripple Rejection Ratia Vour = 10V, t = 120 Hz, T Tes 65 dB
Capy = 0 uF
Vour = 10V, f = 120 Hz, T s | 8o 66 80 dB
Capy = 10 pF - .
Long-Term Stability T,=125°C, 1000 hrs - 0.3 1 0.3 1 %
Thermat Resistance. K Package N 23 3 cw
Junction-to-Case MODT Package . 3 ‘ChY
H Packaige 12 15 12 15 | cw
T Package 4 5 4 ‘oW
MP Package 235 235 ‘CW
Thermal Resistance, K Package 35 35 ‘W
Junction-te-Amkient {(No Heat MDT Package{Note 6) 92 Chw
Sink) H Package 140 140 o
T Package - 50 50 ‘TN
5 Package {Note 6} 50 50 "CAY
Note 1@ Absolule Maxirwm Ralmmkmhn'bbqorummgelohmmm Op.r'ngnﬂngu Indicate condibam Sor which fhe device is in-
rended 10 be functional, but do rot geannlee speciiic perfs mits. Far gu b . 3ee he Electical Charaderistics. Tha

uaramend specficaliona apaly onky for The tesl congittons Seiad.
Mote 2: Refer lo RETS117H drrwing for tha LM117H. or the RETS1I17K for the LM 1171 miiary specfcalions.
Note 3 Although power I+ ls i ity Emitad, thirse sp i (%) L for maximum power Sealpaticm of 2W kar e TO-39 and SOT-223 and

2TV for the TO-3, TO-220, and TO-263. luix s 1.5A for the TQW3, TO-220, snd TO-207 pechuges, 0.54 for the TO-39 package and 1A kor the SOT-223 Package.
AR bmias (e, the numbers in the Min. and Max. columns) sre guarenised 10 Nedonal's ADQI {Average Outgaing Quaity Level},

Hote &: Faguation rs measurad Jt B CoRsiant LNCioN TMPAELre. using pults Mcling wih & low duty cycle. Changes m outpul voltage cie 10 haaling effects are
arered under the speclications kor themmnal reguiaten.

Wote $; Human body mode!, 100 pF dischrged through & 1.5 k) reetstor.

Note 6: If the TO-263 or TO-252 packages are Used, the tharmal reaistance cen be reducad by increasing the PC basrd coppet area thermslly connected 1o tha
package, il {ka SOT-223 package s used, the thermal mdrBiunce can be reduced by incrmyng the PC board conpar ame (soe 2pplicalions hints for heatsinking).
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MC33340, MC33342

Battery Fast Charge
Controllers

The MC33340 and MC33342 are monolithic control IC’s that are
specifically designed as fast charge controllers for Nickel Cadmium
{NiCd) and Nickel Metal Hydride (NiMH) batteries. These devices
feature negative slope voitage detection as the primary means for fast
charge termination. Accurate detection is ensured by an output that
momentarily interrupts the charge current for precise voltage
sampling. An additional secondary backup termination method can
be selected that consists of either a programmable time or temperature
limit. Protective features include battery over and undervoltage
detection, latched over temperature detection, and power supply input
undervoltage lockout with hysteresis. Fast charge holdoff time is the
only difference between the MC33340 and the MC33342. The
MC33340 has. a typical holdoff time of 177 seconds and the
MC33342 has a typical holdofT time of 708 seconds.
® Negative Slope Voltage Detection with 4.0 mV Sensitivity
Accurate Zero Current Battery Voltage Sensing -

High Noise Immunity with Synchronous VFC/Logic
Programmable 1 to 4 Hour Fast Charge Time Limit
Programmiable Over/Undertemperature Detection

Battery Over and Undervoltage Fast Charge Protection
Power Supply Input Undervoltage Lockout with Hysteresis
Operating Voltage Range 0f3.25V (0 18 V

177 seconds Fast Change Holdoff Time (MC33340)

708 seconds Fast Change Holdoff Time (MC33342)
Pb—Free Packages are Availablc

g g 7
Regulator

This device contains 2,512 active transistors.
Figure 1. Simplified Block Diagram

o

ON Semiconductor®
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MARKING
DIAGRAMS
s Sp A A
PDIP- i
P SUFFIX h Mcaaﬁx
8 CASE 626 O YYww
1 iy
soic-s CHAAA
3@ NB sufrFix  |F]3334x
1 CASE 751 LYWX
100
X =0or2
A = Assembly Location
L = Wafer Lot
Y =Year
w = Work Week
. = Pb~Free Package
PIN CONNECTIONS
Ve tiput[1]] 0 E Vg
Vien Gate Output [ 2 | E 11/¥ ¢4 High
FastTrickle Output [ 3 6 ] e,
Gnd [4] BT
{Top View)
ORDERING INFORMATION

See detalled ordering and shipping mformation in the package
dimensions section on page 13 of this data sheet.

© Semiconducior Components industries, LLC, 2005 1
July, 2005 - Rev, 7

Publication Order Number:
MC33340/D




MC33340, MC33342

MAXIMUM RATINGS (Note 1)
Rating Symbol Value Unit
Pawer Supply Voltage (Pin 8) Vee 18 ]
input Voltage Range v
Time/Temperature Select (Pins 5,6, 7) Virm) -1.0t0 Vee
Battery Sense, (Note 2} {Pin 1) VIRsen) -10to Ve +06 or -1.0t0 10
Vsen Gate Output (Pin 2)
Voltage Vo(gate) 20 v
Current lotgate) 50 mA
Fast/Trickle Qutput (Pin 3)
Voltage VoEm ) 20 \Y
Currant lofFm 50 mA
Thermal Resistance, Junction-to-Air Rasa “Ciw
P Suffix, DIP Plastic Package, Case 626 100
D Suffix, SO-8 Plastic Package, Case 751 178
Operating Junction Temperature T, +150 °C
Operating Ambient Temperature {(Note 3) Ta -25 to +85 °C
Storage Temperature . Tag -5510 +150 °C

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operaling conditions) and are not valid simultaneously. H these kmits are exceeded, device functional operation is not implied,
damage may occur and reliability may be affected.
1. This device series contains ESD protection and exceeds the following tests:

Human Body Model 2000 V per MIL-STD-883, Method 3015 Machine Model Method 400 V

http:/iensemi.com
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MC33340, MC33342

ELECTRICAL CHARACTERISTICS (Vcc = 6.0 V, for typical values Ty = 25°C, for min/max values Ty is the operating
ambient temperature range that applies (Note 3), unless otherwise noted. )

Characteristic Symboi L Min [ Typ | Max Unit
BATTERY SENSE INPUT (Pin 1) o
Input Sensitivity for —AV Detection -AVin - -4.0 - mv
Overvoltage Threshold Viniov) 19 20 2.1 v
Undervoltage Threshold Viniuy) 0.95 1.0 1.05 my
Input Bias Cument [ - 10 - nA
Input Resistance ) Rin - 6.0 - MQ
TIMETEMPERATURE INPUTS (Pins 5, 6, 7)
Programing Inputs (Vi = 1.5 V)
Input, Cumrent lin -24 -30 -3 pA
Input Current Matching Al - 1.0 20 %
Input Cffset Voltage, Over and Under Temperature Comparators Vio - 5.0 - mv
Under Temperature Comparator Hysteresis (Pin 5) Vum - 44 - my
Temperature Select Threshold Vi) - Ve 0.7 - v
INTERNAL TIMING
intemal Clock Oscillator Frequency fosc - 760 - kHz
Vsen Gate Cutput (Pin 2) tgate
Gate Time - 33 - ms
Gate Repetition Rate - 1.38 - §
Fast Charge Holdoff from -AV Detection Yol 5
MC33340 . - 177 -
MC33342 - 708 -
Vsen GATE OL!TPUT (Pin 2)
Ofi-State Leakage Current (Vo = 20 V) lon - 10 - nA
Low State Saturation Voltage {5 = 10 mA) Voo - 1.2 - v
FAST/TRICKLE OUTPUT (Pin 3)
Off~State Leakage Cument (Vg = 20 V) lof - 10 - nA
Low State Saturation Voltage (i = 10 mA) 1 va - 10 - v
UNDERVOLTAGE LOCKOUT (Pin 8}
Startup Threshold_ (Ve Increasing, Ta = 25°C) Viran) - 3.0 .25 A
Tum—0fF Threshold (Vc Decreasing, Ta = 25°C) Vin{olh) 275 285 - v
TOTAL DEVICE (Pin 8)
Power Supply Current {Pins 5, 6, 7 Open) icc mA
Startup (Veg =2.9 V) - 065 2.0
Operating (Ve = 6.0 V) - 0.61 20
2. Whichever voltage is lower,
3. Tested junction temperature range for the MC33340/342; Ty, = -25°C Thigh = +B5°C

http:/lonsemi.com
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Vih, OVER/UNDERVOLTAGE THRESHOLDS (V.

HOLD VOLTAGE (v

MC33340, MC33342

240 1
Voo =60V —
200 i
~—
190 —
Nl -“\_/L\_a o

1.02
s
1.00
0.8 .
-50 23 1] 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C}
Figure 2. Battery Sense Input Thresholds
versus Temperature
4]
A I
" Voo Vep =60V ~]
-0.2 !
Threshold voitage is measured with respect 10 Vg,
04 I —
Time mode is selected if any of
the three inputs are above the "]
-0.6 threshold.
I
Bt Temperature mode is selected ——|

VingyT), TEMPERATURE SELECT THRES

Vo SUPPLY VOLTAGE (V)

-10

when all three inputs are below
the threshokd,
1

1 I3

-50 -25

] 25 50
Ta, AMBIENT TEMPERATURE {°C)

75 100

125

Figure 4, Temperature Select Threshold Voltage
versus Temperature

3 1
Startup Threshold
Incxeasin
20 Vee g)
——'_'———
29 \\
I _-_'—-—
-—-—.__-
28 - i B S
Minimum Operating Threshold
[V Decreasing)
. | |
~50 -25 0 25 50 75 100 125

Ta, AMBIENT TEMPERATURE (°C)

Figure 6. Undervoitage LLockout Thresholds
versus Temperature

81ggg, OSCILLATOR FREQUENCY CHANGE (%

VgL, SINK SATURATION VOLTAGE (V)

Igc. SUPPLY CURRENT [mé)

16 T
Voo =60V
8.0
'\
S —
Ty
0
B .\
\
-8.0 ~
\
T~
-16
-50 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE {°C)
Figure 3. Oscillator Frequency
versus Temperature
iz T T
| Vec=60V e
Ty =25°C d
24 / /
Veon Gate ,/ —
Pin 2
16 i // A
- // | FastTrckle
//-—f' Pin 3
08 f’/
0
0 8.0 18 24 2 40

1.0

oe

06

04

legoke SINK SATURATION {mA)

Figure 5. Saturation Voltage versus Sink Current
Vsen Gate and Fast/Tricklie Outputs

] 4.0

8.0
Vee, SUPPLY VOLTAGE (V)

12 16

Figure 7. Supply Current

versus Supply Voltage
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MC34063A, MC33063A,
NCV33063A

1.5 A, Step-Up/Down/
Inverting Switching
Regulators

The MC34063A Series is a monolithic control circuit containing the
primary functions required for DC-to—DC converters. These devices
consist of an internal temperature compensated reference, comparator,
controiled duty cycle oscillator with an active current limit circuit,
driver and high current output switch. This series was specifically
designed to be incorporated in Step—Down and Step—Up and
Voltage—Inverting applications with a minimum number of external
components. Refer to Application Notes AN920A/D and AN954/D
for additional design information.

Features

Operation from 3.0 V to 40 V Input
Low Standby Current

Current Limiting

OQutput Switch Current to 1.5 A
Output Voltage Adjustable
Frequency Operation to 100 kHz
Precision 2% Reference

Pb—Free Packages are Available

Drive Bc |
Coliector }
1
al
o
Sense | L
1 |~ Eme
! |
{
Voo g—‘ m;—gﬁming
{ Comparator Capacilor
i 125v |}
| Reterence | |
1 Regulalor | |
Comparator 5 1 4
inverting L GND
Ihpt *t—m———————————
[Botlom View)

This device contains 51 adtive transistors,

Figure 1. Representative Schematic Diagram

ON Semiconductor®
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S0IC-8 3063
B@ D SUFFIX (YWA
» CASE 751 -
tl:
WY
3x063AP1
D AWL
®) YYWWG
PDIP-8 vy
P, P1 SUFFIX
CASE 626 8
8 WL
1 33063AVP
D AWL
®) YYWWG
1A
X =3ord
A = Assembly Location
L, WL = Wafer Lot
Y., = Year
W, WW = Work Week
Gor= =Pb-Free Package

PIN CONNECTIONS
-
Switch (8] Driver
Coflector l Zl Collector
Switch
Emitler 2 Zl b Sense
p
Comparator
GND E imerﬁang
Input

(Top View)

ORDERING INFORMATION

See detalled grdering and shipping tnformation in the padkage
dimensions section on page 11 of this data sheet.

© Semiconductor Components indusiries, LLC, 2005 1
December, 2005 ~ Rev, 18
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MC34063A, MC33063A, NCV33063A

MAXIMUM RATINGS

Rating Symboi Value Unit
Power Supply Voltage Vee 40 Vdc
Comparator Input Voliage Range Vin ~03to+40 Vdc
Switch Collector Voltage V(switch) 40 Vdc
Switch Emitter Voltage (Vi 1 =40 V) VE{switch) 40 Vde
Switch Collector to Emitter Voltage VEE(switeh) 40 Vvdc
Driver Collector Vottage V(driver) 40 Vdc
Driver Collector Cument (Note 1) Yetdrivery 100 mA
Switch Current” Isw 15 A
Power Dissipation and Thermal Characteristics
Plastic Package, P, Pt Suffix
Ta=25°C Pp 1.25 w
Thermat Resistance Raia 100 °Crw
SQIC Package, D Suffix
Ta =25°C Pp 625 mw
Thermal Resistance Raia 160 °Crw
Operating Junction Temperature T, +150 °C
Operating Ambient Temperature Range Ta °C
MC34063A Oto +70
MC33063AV, NCV33063A -401t0 +125
MC33063A -40to +85
Storage Temperature Range Tatg -65t0+150 °C

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values {not normal operating conditions) and are not valid simultanecusly, i these iimits are exceeded, device functional operation is not implied,

damage may occur and reliability may be affected.

1. Maximum package power dissipalion limits must be cbserved.

2.
3.

Machine Mode! Method 400 V.

NCV prefix is for autcmotive and other applications requiring site and change control.

This device series contains ESD protection and exceeds the following tests: Human Body Model 4000 V per MIL-STD-883, Method 3015,

http://lonsemi.com
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MC34063A, MC33063A, NCV33063A

ELECTRICAL CHARACTERISTICS (V¢ =50V, Ta = Ty, t0 Trigs [Note 4], unless otherwise specified.)

Characteristics I Symbol J Min I Typ I Max I Unit ]
OSCILLATOR
Frequency (Vpi, 5= 0V, Cr = 1.0 nF, Ty = 25°C) fase 24 33 42 kHz
Charge Current (Vo = 5.0 Vio 40 V, Ty = 25°C) lehg 24 35 42 pA
Discharge Cumrent (Voe = 5.0 V1o 40V, Ty = 25°C) {dischg 140 220 260 [TLY
Discharge to Charge Current Ratio {Pin 7 to Vg, Ta = 25°C) lgischg/lchg 52 6.5 75 -
Current Limit Sense Voltage (Ycng = ldischg, Ta = 25°C) Vipi(sense} 250 300 350 mv
OQUTPUT SWITCH (Note 5)
" Saturation Voltage, Darlington Connection VeE(sat) - 1.0 13 A
{lgw = 1.0 A, Pins 1, 8 connected}
Saturation Voltage {Note 6) Veggsan - 0.45 0.7 v
(isw = 1.0 A, Rpin g = 82 Q to Ve, Forced g = 20)
DC Current Gain {Igw = 1.0 A, Vcg = 5.0V, Ta = 25°C) hre 50 75 - -
Collector Oft-State Curment (Vg = 40 V) iciom - 0.01 100 pA
COMPARATOR
Threshold Voltage Vih v
Ta = 25°C 1.225 1.25 1.275
Ta = Tiow 10 Thign 1.21 - 1.29
Threshoid Voltage Line Regulation (Voc = 3.0 Vto 40 V) Regjine mv
MC33063A, MC34063A - 14 50
MC33063AV, NCV33063A - 1.4 6.0
Input Bias Current (Vi =0 V) g - -20 -400 nA
TOTAL DEVICE
Supply Curent (Vo =50V 1040V, Cr=1.0nF, Pin 7 = Ve, lec - - 4.0 mA

Vpin 5 @ Vi, Pin 2 = GND, remaining pins open}

4, Ty = 0°C for MC34063A, —40°C for MC33063A, AV, NCV33063A
Thigh = *70°C for MC34063A, +85°C for MC33063A, +125°C for MC33063AV, NCV33063A

5. Low duty cycle pulse techniques are used during test to maintain junction temperatura as close to ambient temperature as possible.

6. If the output switch is driven into hard saturation (non-Darfington configuration) at low switch currents (< 300 mA) and high driver currents
(2 30 mA), it may take up to 2.0 ps for it to come out of saturation. This condition will shorten the off time at frequencies 2 30 kHz, and is
magnihed at high temperatures. This condition does not occur with a Damngton configuration, since the output swutr:h cannot saturate. If a
nen-Daringlon configuration is used, the following output drive condition is recommended:

IC output

Forced f of oulput switch : Em = 10

* The 100 2 resistor in the emitier of the driver device requires about 7.0 mA before the output switch conducts.

http:/fonsemi.com
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tonw-ofty QUTPUT SWITCH ON-OFF TIME (us)

VCE{sat), SATURATION VOLTAGE (V)

ViPK{sensej, CURRENT LIMIT SENSE VOLTAGE (V)

MC34063A, MC33063A, NCV33063A

1000 ey == EE=o1)
500 [— Ve =50V s
[ Pin7=V¢¢ w
20— pins - GND 2
100 EET‘:ZS"C =1 § =
50 '(ln z’, @ g—
o g E
20 > 4 3 3 g
a .
10 aj (.g .
50 = = 3 g Pis 1.5, 8=
20 b1 1 9 Cy=1.0nF
f ¥ T.A: 25°C
0 I
00t 002 005 01 02 05 10 20 50 10 10 usDIV

Cr, OSCILLATOR TIMING CAPACITOR {nF)

Figure 2. Qutput Switch On-0ff Time versus Figure 3. Timing Capacitor Waveform
Oscillator Timing Capacitor

18 14

1.0
e ) il L i
17 /-—’" § 09 - _——t"""1 Darfinglon Gonnecton
o
16 /..—/ & 08—
15 g o7 —
- 5 o5 Voo =50V L
14 ré— 05 |- Fin7=vgg ,/
13 2 gal. Pins2,3,5=GND 1 Forced = 20
’ Vee=50V Z U Ta=23C A
12 Pins 1,7,8=Vgo —] = 031~ (See Note T) [
Pins 3,5 = GND 202 Pl
1.4 Ty =25C — 8 o e
10 (Sea ote 7 Y i
"0 02 04 05 08 10 12 t4a 15 0 02 04 06 0B 10 12 14 6
le, EMITTER CURRENT (A} I, COLLECTOR CURRENT{A)
Figure 4. Emitter Follower Configuration Qutput Figure 5. Common Emitter Configuration Qutput
Saturation Voltage versus Emitter Current Switch Saturation Voltage versus
Collector Current
400 36
R 32
o =3
aso_ld’oq=ldi5d1g EZ.S
340 L o24
Lt
g [ g 20
=1
250 T S s
260 [~ E 12 Cr-100F
S 08 Pin7 =Ver
240 S Pin 2 = GND
220 —~ 04 ]
200 0
-55 -25 0 25 50 75 100 125 0 50 10 1s 20 25 kIi] s 40
Ty, AMBIENT TEMPERATURE (°C} Ve, SUPPLY VOLTAGE (V)
Figure 6. Cuirent Limit Sense Voltage Figure 7. Standby Supply Current versus
versus Temperature Supply Velitage

- Low duly cycle pulse techniques are used during test to maintain junclion temperature as close to ambient temperature as possible.
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1N5817, 1N5818, 1N5819

1N5817 and 1N5819 are Preferred Devices
Axial L.ead Rectifiers

This senes employs the Schottky Barrier principle in a large area
metal—to—silicon power diode. State—of-the—art geometry features
chrome barrier metal, epitaxial construction with oxide passivation
and metat overlap contact. Ideally suited for use as rectifiers in
low-voltage, high—frequency inverters, free wheeling diodes, and
polarity protection diodes.

Features

® Extremely Low Vf

® Low Stored Charge, Majority Carrier Conduction
® Low Power Loss/High Efficiency

® These are Pb~Free Devices*

Mechanical Characteristics:
® Case: Epoxy, Molded
* Weight: 0.4 Gram (Approximately):

® Finish: All Extemal Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderabie

Lead Temperature for Soldering Purposes:
260°C Max for 10 Seconds

Polarity: Cathode Indicated by Polarity Band
ESD Ratings: Machine Model = C (>400 V)
Human Body Modet = 3B (>8000 V)

*For additional information on our Pb~Free strategy and soldering detz?s, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

ON Semiconductor®

htp:/fonsemi.com

SCHOTTKY BARRIER
RECTIFIERS
1.0 AMPERE

20, 30 and 40 VOLTS

AXIAL LEAD
CASE 59
STYLE1

MARKING DIAGRAM

A =Assembly Location
1N581x =Device Number
x=7,80r9
YY =Year
ww =Work Week
. =Pb~Free Package
(Note: Microdot may be in either location)

ORDERING INFORMATION

See detailed ordering and shipping information on page 6 of
this data sheet.

Preferred devices are recommended choioes for tuture use
and best overall vake.

© Semiconducior Componentx Industries, LLC, 2006 1
July, 2006 — Rev. 10

Publication Order Number:
1N5817/D



1N5817, 1IN5818, 1N5819

MAXIMUM RATINGS

Rating Symbol | 1N5817 | IN5818 | 1IN5819 | Unit
Peak Repetitive Reverse Voltage VRRM 20 30 A v
Working Peak Reverse Vollage Ve
DC Blocking Voltage Vr
Non—Repetilive Peak Reverse Voltage VRSM 24 36 48
RMS Reverse Voltage VRiRMS) 14 21 28
Average Rectified Forward Current {Note 1), (VRiequiv) € 0-2 Vi{dc), T = 80°C, lo 1.0
Ryya = BO°CAN, P.C. Board Mounting, see Note f‘ﬂg 55°C)
Ambient Temperature {Rated VRr(dc), Priav) = 0, Rasa = 80°C/W) Ta 85 [ 80 | 75 °c
Non-Repetilive Peak Surge Current, {Surge applied at rated ioad conditions, IFsm 25 (for one cycle) A
half-wave, single phase 60 Hz, T = 70°C) .
Operating and Storage Junction Temperature Range {Reverse Vollage applied) T Toig -65to +125 °C
Peak Operating Junction Temperature (Forward Cumrent applied) T yoK) 150 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to siresses above the Recommended Operating Conditions may affect

device reliability.
THERMAL CHARACTERISTICS (Note 1)

’ Characteristic Symbol Max Unit
Thermal Resistance, Junction—-to~Ambient Raia 80 "CW

ELECTRICAL CHARACTERISTICS (TL = 25°C unless otherwise noted) (Note 1)

Characteristic Symbol | tN5817 | 1N5818 | 1N5S819 | Unit
Maximum instantaneous Forward Voitage {(Note 2} (ir = 0.1 A) YF 0.32 033 0.34 v

. (ir= 1.0 A) 0.45 0.55 0.6
(iF=304A) 0.75 0875 0.9

Maximum Instantaneous Reverse Current @ Rated dc Voltage (Note 2) Ir mA
(T =25°C) 1.0 1.0 1.0
] (T =100°C) 10 10 10

1. Lead Temperature reference is cathoda lead 1/32 in from case.

2. Pulsa Test: Pulse Width = 300 ps, Duty Cycle = 2.0%.

http:/fonsemi.com
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1N5817, 1N5818, 1N5819

NOTE 3. — DETERMINING MAXIMUM RATINGS = 1] PRI
Reverse power dissipation and the possibility of thermal = = ~ et F
runaway must be considercd when operating this rectifierat & 115 -""‘---'\\'-'l"-:: - \n{
reverse voltages above 0.1 V. Proper derating may be g Q\'\\ b N
accomplished by use of equation (1). 2 ‘\ ™~ '\\\\4\
wh :A(maxf T jimax) = R%:APFE?V)‘ RBJA':R(AV} \ 1 % 165 )\ N
ere Taimax) = Maximum allowable ambient temperature =
TA:!{(max: = Maximum allowable junction tem;?:ralure [ - Raua ((CW) = 10 ; \(\\\ N
(125°C or the temperature at which thermal § 80 // \ \\
runaway oceurs, whichever is lowest) il 201
Peavy = Average forward power dissipation E.l g5
Pryavy = Average reverse power dissipation u \
Rgia = Junction-to-ambient thermal resistance & N
Figures 1, 2, and 3 permit casier use of equation (1) by 75
taking reverse power dissipation and thermal runaway into 20 30 v wDC Hslé:'mSE \:gLTAGE (\‘Ic(')LTS) 15 2
consideration, The figures solve for a reference temperature N B ]
as determined by equation (2). Figure 1. Maximum Reference Temperature
TR = T jimax) = ReaaPriavy @ 125 1NS817
Substituting equation (2) into equation {1) yields: e S-"'"_:\
Tagmax) = Tr = RauaPr(av) @ 8 1s --""'--;____.“‘\-': o Ny /40 [ %0 /23
Inspection of equations (2) and (3) reveals that Tg is the g [~ I~ \N\ Wi
ambient temperature at which thermal runaway occurs or E ‘\\ \\\\\
where Ty = 125°C, when forward power is zero. The i 105 R (°CW) = 110 ) ><y\\
transition from one boundary condition to the other is F"_.. )\ N \
evident on the curves of Figures 1, 2, and 3 as a difference wogs 80 g0 \\
in the rate of change of the slope in the vicinity of 115°C. The g s,
data of Figures 1, 2, and 3 is based upon dc conditions. For w \
. . L .. m 8
use in commeoen rectifier circuits, Table 1 indicates suggesied = \
factors for an equivalent dc voltage to use for conservative & ‘\
design, that is: TR T I S—— 10 15 20 30

VR(equ'rv) = an(pK) xF (4)
The factor F is derived by considering the properties of the
various rectifier circuits and the reverse characteristics of

Vg, DC REVERSE VOLTAGE (VOLTS)
Figure 2. Maximum Reference Temperature

. 1N5818
Schottky diodes, 125 —
EXAMPLE: Find Ta(max) for IN5818 operated in a e 40
; . i e & N 30
12-volt dc supply using a bridge circuit with capacitive filter £ s ] k -
~
such that ID(0;= 04 A(lravy = o% [/\\3} Iemyliavy = 10, Input & :\ N Qi<\23
= = [ d
Voltage = 10 Vire), Rgga = B0 . 5 ;NX ~ N R
Step 1. Find Vagequi)- Read F = 0.65 from Table 1, & 15 Re rCMW) = s0[ A AN NN
“ Vigequn) = {1.41)(10)(0.65) = 9.2 V. § e RO
Step 2. Find Ty from Figure 2. Read Tr = 109°C W oge ; N \\\
@ Vr = 9.2V and Reya = B0°CAW. 2 0 \\\\\\\
Step 3. Find Pgav) from Figure 4. **Read Prian = 0.5 W . NOSNC N
Em e 5 MO 2N
@ = 10and IFAV) = 05 A & AN
() = NS
Step 4. Find Tamay) from equation (3). oy ™
Tagmax) = 109 - (80) {0.5) = 69°C. 40 50 7.0 1] 15 20 30 40
. Vg, DC REVERSE VOLTAGE (VOLTS)
“*Values given are for the 1NS818. Power is sfightty lower for the . . P
TN5817 because of its lower forward voltage, and higher for the Figure 3. Maximum Reference Temperature
1N5819. 1NS819
Tabte 1. Values for Factor F
Circuit Half Wave Full Wave, Bridge Full Wave, Center Tapped* 1
Load Resistive Capacitive” Resistive Capacitive Resistive Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1.0 13
Square Wave 075 15 0.75 075 1.5 15

“"Note that Vpepy = 2.0 Vigpiy. TUse line to center tap voltage for Vi,.

http:/lonsemi.com
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LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making (hem useful in a
wide range of applications. One of these is local on card
regulation, eiminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators 1o be used in logic systems, instrumenta-
lion, HiFi, and other solid state electronic equipment. Al
though designed primarily as fixed voitage regulators these
devices can be used with external componenls 1o obtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heal
sinking is provided. Current limiting is included to limit the
peak output current lo a safe vatue. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. 1f internal pawer dissipation becomes too high for the
heat sinking provided, the thermal shuldown circuit takes
over preventing the IC from overheating.

Considerable eflorl was expanded to make the LM78XX se-
ries of regulators easy to use and minimize the number of
extemal compaonents. it is not necessary to bypass the out-

&National Semiconductor

May 2000

put, aithough this does improve transient response. input by-
passing is needed only if the regulator is located far from the
filer capacilor of the power supply.

For autput voltage clher than 5V, 12V and 15V the LM117
series provides an output vollage range from 1.2V to 57V.

Features

Qutput current in excess of 1A

Intemal thermal overload proteclion

No external componenls required
Output transistor safe area protection
internal short circuit current limit
Available in the aluminum TOQ-3 package

Voltage Range

LM7805C 5V
LM7812C 12v
LM7815C 15V

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

QUTRIT -=

, —GHD

11T B
CSO0T 2462
Bottom View
Order Number LM7B805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

[ > outent

:'__ﬁ GuD
[ __——> wrt

DS007 748-3

Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

® 2000 National Semiconductor Corporation DS007746
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LM78XX

Schematic
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Absolute Maximum Ratings (Note 3) Maximum Junction Temperature
If Military/Acrospace specified devices are required, {K Package) 150_0
please contact the National Semiconductor Sales Office/ (T Package) 150°C
Distributors for availability and specifications. Storage Temperature Range ~65°C to +150°C
Input Voltage Lead Temperature (Soldering, 10 sec.)

(Vo = 5V, 12V and 15V) asv TO-3 Package K 300°C
Inlernal Power Dissipation {(Note 1) intermnally Limited TO-220 Package T 230°C
Operating Temperature Range (T,) 0'C to +70°C

Electrical Characteristics LM78XXC ote 2)

0°C £ T, 5 125°C unless otherwise noted. .
Output Voltage 5v 2v 15v

Input Voltage (unless otherwise noted) 10V 19V 23v Units
Symbo! Parameter Conditions Min [ Typ [Max | Min | Typ [Max | Min | Typ [ Max
Vo Qutput Voltage Tj=25C.5mASIy S 1A 4.8 5 521115 12 1253144 15. 1586 v
Pp € 15W, 5 mA <15 < 1A 475 525|114 12,6 4.25 .15.75 v
Vian £ Vin £ Viuax (755 Vns20) (145sVys (175sV < v
27 30)
AVo Line Regwalion g = 500 Ty =25C 3 50 4 120 4 150 mv
mA
AV (F<Vps25) {1455V <30) | {1755V, <. v
30)
0C<Ti< +125°C 50 120 150 my
AV )y {85V s20) (15 € Vy £27) (185 V< \'
30)
ig = 1A T3 =25C 50 120 150 mv
AV, (T5SVu<20) | (14B<5V,< (17.7<Vps | v
2N 30)
0CsTjs +125'C 25 60 B £ mv
AV {8sVy<12) {165V, £22) § (205 V), <26} '
A Load Regulation Tj=25C SmA <], £1.5A 10 50 12 120 12 150 mv
250 mA < g < 25 60 75 | mv
750 mA
5mMA<IoS 1A 0CETix 50 120 150 mv
+125°C '
la Quiescent Current | Ig £ 1A Tj = 25°C 8 8 .8 mA
0CsTi<=+125C 85 8.5 8.5 ma
Alg Quiescent Current | 5mA <1, < 1A 0.5 0.5 0.5 mA
Change Tj=25°C,1g s 1A 1.0 1.0 10 mA
Vi € Vi S Vianx (755VinS20) | (1482VWg27) | 1795V < v
30)
lo €500 mA, 0°C < Tj < +125°C 1.0 1.0 1.0 mA
Vian £ Vin S Viax (7$V$25) | (145SVW<30) | (17.5<Vy < v
30 -
Vi, Qutput Noise Ta=25C, 10 Hz < f < 100 kHz "40 75 90) v
Voltage
Ripple Rejection loS1A, Tp=25C| 62 80 55 72 54 70 dB
AViN or
AVour f=120 Hz | Iy < 500 mA 62 55 54 dB
0’C<Tj<+125C
Vi S Vin = Viuax (85 Vyys18) (15 sV, < 25) (185 <V, < v
28.5)
Rg Dropout Voltage Tj=25C, lgyr = 1A 2.0 2.0 2.0 \'4
Qutput Resistance | { = 1 kHz 8 18 19 me

3 www.national.com
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LM78XX

Electrical Characteristics LM78XXC (Note 2) (Continued)

0'C 5 T, £ 125°C unless otherwise noted.

Output Voltage sV 12¥ 15V
Input Voltage (unless otherwise noted) 10V 19v 23V Units
Symbol Parameter Conditions Min | Typ {Max | Min | Typ [ Max | Min | Typ | Max
Short-Circuit Tj = 25C 24 1.5 1.2 A
Current
Peak Output Tj=25C 24 24 2.4 A
Current
Average TC of 0C<T<+125°C, 15 =5 mA 06 1.5 1.8 mvrc
VOUT
Vin Input Voltage
Required to Tj=25C, 1o < 1A 75 146 177 v
Maintain
Line Regulation

Note 1: Themal resistance of the TO-3 package (K, KC} is typically 4"C/W junclion to case and 35'C/W case to ambient. Thermal resistance of the TO.220 package
{T) ia typicalty 4°CAW jurclion 1o case and 50°C/W ase 1o ambsent.
Note 2: Al charcleristics are measured with capacitor across the input of 0.22 uF, and a capaditor ecross the oulpul of 0.1pF, All characteristics except noise voltaga

and rippla rejection ratio are measured using pulse techniques (L, < 10 ms, duty cycle 5 5%). Qutput voltage changes dua lo changes in intemal temperature must
he teken into accoun: separately.

Note 3: Absolule Maximum Ralings indicate limits beyond which damege 1o the device may ocaur. For guaranteed specifications and the tost conditons, see Eleo-
Irical Characteristics.

www,national.com
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POWER RELAY
2 POLES—5A LOW PROFILE TYPE

FTR-F1 SERIES

B FEATURES

o Low profite power relay (height 16.5 mm} employing
unique construction
DPST/DPDT 5 A, TV-3 rating available

& Higher isolation by employing reinforced insulation con-
struction
Insulation distance: 8 mm {between coit and contact)
Dielectric strength: 5 kV (between coil and contact)
Surge strength: 10 kV (between coil and contact)

» Plastic sealed relay

s Pin configuration compatible to VB/FBRE20

e UL, CSA, VDE, SEMKO, BSI recognized

e Conforms to FIMKO, IMQ, DEMKO (under approval}

» Environmentally friendly cadmium free contact type is

available
B ORDERING INFORMATION
FTR-F1 A A 005 V -
[Example] ————— - L -2 Y T™
(@ () (¢} @ (& O
{a) | Series Name FTR-F1: FTR-F1 Series
(b) | Contact Arangement A : 2 form A {DPST-NO)
C : 2 form C (DPDT)
{c) { Coil Type A : Standard type (0.53 W)
D : High sensitive type (0.4W)
(d) | Nominal Voltage 005 :5vDC 012: 12VDC
006 :6VDC 024: 24 VDC
009  :9VDC __048:48VDC
(e} | Contact Materia¥y TV Type v : Gold plate silver alloy (standard type)
T i« G_old Plate sitver alloy (TV-3 rating type, only standard make type)
1)) Custom Designation To be assigned custom specification
Ordering Code: Actuat Marking:

FTR-F1AAQO5V F1AADQ5V

238




FTR-F1 SERIES

B SAFETY STANDARD AND FILE NUMBERS

UL508, 873 (File No. E63614)

C 22.2 No. 14 (File No. LR40304-30/ LR107822)
VDE (435, 0631, 0700, 0860 {File No. 11039-4940-1019)

Type Nominal voitage Contact rating
Tv-Rating [FTR-F1AA()T! 51048 VDC TV-3 120 VAC
1/6 HP 125 VAC 1/4 HP 250 VAC
5A 24 VDCr250 VAC resislive
Pitot duty R 300
Standard/ |FTR-FICA(V| 5 to 48 VDC Same as above without TV-3
sensitive 2A 250VAC inductive (PF=0.4)
B SPECIFICATIONS
Item Standard Type . l Sensitive Type TV-3 Rating Type
Contact Arrangement 2 form A (DPST-NO), 27fom1 C {DPDT) 2 form A (DPST-NO)
Material 7 -Hm(_?:old plate -sﬂv—ger-a—l;dy
Styte Single o '—_. .
Resistance (initial) Maximum100 mg {at 1 AG VDC)
Rating (resistive) 5 A 250 VAC/24 VDC
Maximum Carrying Current 7TA o o
Maximum Switching Rating 1,250 VA/120 .W
Maximum Switching Voltage | 400 VAC 300 VDG
Maximum Switching Current | 5A -
Minimum Switching Load*! | 10mA5VvDC
Maximum Inrush Current - 51 A 120 VAC (atlamp load)
Coil Nominal Power (at20°C) | 053W - | 04w 053 W
Operate Power (at20°C) | 026 W 0.225W 0.26W
Operating Temperature —40°C to +75°C (no frost) (refer to the CHARACTERISTIC DATA)
Time Value | Operate (at nominat voltage) Maximl:; 1_5_ ms -
Release (at nominal voltage)}] Maximum 5 n_:s B
Insutation Resistance (at 500 VDC) Minimum 1_0_00 n.in :
Dielectric | between open conlacts 1,000 VACi_minhte,'(S,OOO VAC between adjacent contacts)
Strength | iween colland concls| 5,000 VAC 1 minute
Surge Strength 10,000 V (at 1.2 x 50 ps)
Life Mechanical 2x 10a-peralion; minimum
Electrical Contact Rating | 1 x 10;Jperation_;s rﬁinimum
Lamp Load — o | 2.5 x 107 ops. minimum
Other Vibration | Misoperation | 10 to 55 Hz (double amplitude of 1.65 mm)
Resistance | engyrance 1010 55 Hz_(dou_ble amplitude of 3.3 mm)
Shock Misoperation | 100 mis? (111 ms)
Resistance | gngurance 1,000 m/s? E:‘- +1 ms)
Weight Approxirna_t;y 15 g

=1

Minimum switching loads mentioned above are reference values. Please perform the confirmation test with the actual load

before production since reference values may vary according to switching frequencies, environmental conditions and

expected reliability levels.
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Technical Datasheet D525

CUXEON® Emni

introduction

LUXEONS® is a revolutionary, enérgy efficient and ultra compact new light
source, combining the lifetime and refiability advantages of Light Emitting
Diodes with the brightness of conventional fighting.

LUXEON Emitters give you total design freedom and unmatched bright-
ness, creating a new world of light.

LUXEON Emitters can be purchased in reels for high volurme assembly.
For more information, consult your local Lumileds representative.

For high volume applications, custom LUXEON power light source designs
are available upon request, to meet your specific needs.

LUXEON Emitier is available in white, green, biue, royal blue,

cyan, red, red-orange and amber. O O 0 @ 0 0 @ O

PHILIPS

" A T e BT RS e e £ 5 TR A 5 AR OIS Y5 % 4% Y155 ] T R
it S E D LR AT AL B P SR »

L UXE & N

never before possible

er

Features

+

- -

* + 9 + @ 9

Highest flux per LED family
in the world

Very long operating life {up to
100k hours)

Available in White, Green,
Blue, Royal Blue, Cyan, Red,
Red-Orange, and Amber
Lambertian, Batwing or Side
Emitting radiation pattern
More energy efficient than
incandescent and most
halogen lamps

Low vottage DC operated
Cool beam, safe to the touch
Instant light {less than 100 ns}
Fully dimmable

No Uv

Superior ESD protection

Typlca! Applications

- »

*

-

-

-

-

+ Reading lights (car, bus, aircraft)
Portable (lashfight, bicycle)
Mini-accent/Uplighters/
Downlighters/Orientation

Fiber optic alternative/
Decorative/Entertainment
Bollards/Security/Garden
Cove/Undersheli/Task

Traffic signaling/Beacons/ Rail
crossing and Wayside
Indoor/Outdoor Commerciat
and Residential Architectural
Automotive Ext {Stop-Tait-Turn,
CHMSL. Mirror Side Repeat)
Edge-lit signs (Bxit, point of sale)
LCD Backiights/Lighi Guides

LUMILEDS

LIGHT FRrowM SILICON VallEr




Mechanical Dimensions
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Notes: :
1. The anode side of the device is dencted by a hole in the lead frame. Electrical insulation between the case and the board
. Is required —slug of device is not electrically neutral. Do not electrically connect efther the anode or cathode to the slug.
2. All dimensions are in miimeters.
3. All dimensions without tolevances are for reference only.
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Notes:

1. The anode side of the device is denoted by a hale in the lead frame. Electrical insulation between the case and the board
is required —slug of device is not elecirically neutral. Do not electrically connect either the anode or cathode to the slug.

2. All dirmensions are in mitimeters.

3. All dmensions without toferances are ior reference only.
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Mechanical Dimensions, Continued

Side Emitting

TOP VIEW BOTTOM VIEW

| a Lathode —--
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Drawings not to scale
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/k D.49 (L JAT)
‘ i \ I @ rony
€09 (REFY { . —] \/

<1y LEaD

SIDE VIEW

Notes:

1. The ancde side of the device is denoted by a hole in the lead frame. Electrical insulation between the case and the board
is required—shug of device is not electrically neutral. Do not electrically connect either the anode or cathode to the slug.
Caution must be used in handling this device to avoid damage to the lens surfaces that will reduce optical efficiency.

All dimensions are in millimeters.
4. Al dmensions without tolerances are for reference only.

©w o
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Flux Characteristics at 350mA, Junction Temperature, T, = 25°C

Table 1.
Minimum Luminous Typical Luminous
Flux {im) or Fiux () or
Radiometric Radiometric i
LUXEON Power (mW) Power {mW} Radiation
Color Emitter Dy @, R Pattem
White™ I XHL-BWQ2 30.6 45
Warm White L XHL-BWO3 13.9 20
Green LXHL-BMO1 30.6 53
Cyan LXHL-BEO1 30.6 45 .
Blue™ LXHL-BBO1 8.2 i6 “Batwing
Royal blugt! LXHL-BRO2 145 mwW 220 mw
Red LXHL-BDO1 13.9 27
Red LXHL-BDO3 306 42
Red-Orange LXHL-BHO3 398 55
Amber LXHL-BLO1 10.7 25
Amber LXHL-BLO3 235 42
White LXHL-PWO1t 30.6 45
Green LXHL-PMO1 306 53
Cyan LXHL-PED1 30.6 45
Biue® LXHL-PBO B.2 16 Lambertian
Royal Blue*! LXHL-PRO3 145 mw 220 mW
Red LXHL-PDO1 30.6 44
Red-Orange LXHL-PHO1 39.8 55
Amber LXHL-PLO1 23.5 42
White LXHL-DWO1 23.5 40.5
Green LXHL-DMO1 235 48
Cyan LXHL-DEO1 23:5 40.5
Blug™ LXHL-DBO1 8.2 14.5 Side Emitting
Royal blue® LXHL-DRO1 115 mw 198 mw
Red LXHL-DDO1 306 40
Red-Orange LXHL-DHOt 39.6 50
Amber LXHL-DLO1 235 38

Notes for Table 1:

1. Minimurn luminous flux or radiometric power performiance guaranteed within published operating conditions. Lumileds

maintains a tolerance of £ 10% on flux and power measuraments.

2. LUXEON types with even higher luminous flux levels wit become available in the future. Please consult your Lumileds

Authorized Distributor or Lumileds sales representative for more information.

3. Minimum flux vaiue for 470 nm devices. Due to the CIE eye response curve in the short blue wavelength range, the
minimum luminous flux will vary over the Lumiteds* blue cotor range. Luminous flux will vary from a minimum of 6.3 Im

at 460 nm to a typical of 20 Im at 480 nm dug to this effect. Although the luminous power efficiency is lower in the short
blue wavelength range, radiometric power efficiency increases as wavelength decreases. For more information, consutt
the LUXEON Design Guide, available upon request,

Royal Blue product is binned by radiometric power and peak wavetength rather than photometric lumens and

dominant wavelength,

In July 2003 Lumileds announced a second-generation white batwing product using a new phosphor deposition process
resuiting in improved calor uniformity, LXHL-BWO02.

LUXEON Emitter DS25 (3/06) 4
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Optical Characteristics at 350mA, Junction Temperature, T, = 25°C

Table 2.
Temperature
Dominant Wavelength ™ AD, Cosfficient of Total
Peoak Wavelongth # AP, Spectral Domirtart Included Viewing
or Color Temperature ® Half-width?  Wavelength Angla® Angle®
Radiation CCT {nmy} (nmvC) {degrees) {degrees)
Pattem Color Min. Typ- Max. Ay Ah/ AT, Bp.00v 20172
White 4500K 5500 K 10000 K --- --- 110 110
Warm White 2850K 3300K 380CK --- --- 110 110
Green 520 nm 530 nm 550 nm 35 0.04 110 110
Cyan 490 nm 505 nm 520 nm 30 0.04 110 110
Batwing Blue 460 nm 470 nm 490 om 25 0.04 110 110
Royal Blug™? 440 nm 455 nm 460 nm 20 0.04 110 110
Red 620.5nm 625 nm 645 nm 20 Q.05 110 110
Red-Orange 613.5nm 637 nm 620.5rm 20 0.06 110 110
Amber 584.5nm 530 nm 587 nm 14 0.09 110 110
White 4500 K 5500 K 10000 K --- - 160 140
Green 520 nm 530 nm 550 nm 35 0.04 160 140
Cyan 490 nm 505 nm 520 nm 30 0.04 160 140
Lambertian Blue 460 nm 470 nm 490 nm 25 0.04 160 140
Royal Blue® 440 nm 455 nm 460 nm 20 0.04 - 180 140
Red 620.5nm 627 nm 645 nm 20 005 | 160 140
Red-Orange 613.5nm 617 nm 620.5 nm 20 0.06. 160 140
Amber 5845nm 530 nm 537 nm 14 0.09 160 140

Optical Characteristics at 350mA, Junction Temperature, T, = 25°C, Cont.

Tabls 2.
Tempearature Typical
Dorninant Wavelength ™ AD, Coefficient of  Total Flux Typical
Peak Wavelength # AP, Spectral Dorminant Percent Angle
ar Color Temperature A Half-width!*  Wavelength within of Peak
Radiation CcCT (nm) {nmyC) first 45°7  intensity ®
Pattemn Color Min. Typ. Max. Ahp Ahg/ AT, Cum @ Bppex
White 4500 K 5500 K 1CC00 K - - <15% 75° - 85°
Green 520 nm 530 nm 550 nm 35 0.04 <15% 75°% - 8b°
Cyan 490nm 505 nm 520 nm 30 0.04 <15% 75° - 85°
Side Emitting Blue 460 nm 470 nm 420 nm 25 0.04 <15% 75° - 85°
Royal Blug? 440 nm 455 nm 460 nm 20 0.04 <15% 75% - 85°
Red 620.5 nm 627 nm 645 nm 20 0.05 <15% 75° - B85°
Red-Orange 613.5 nm 617 nm 620.5 nm 20 Q.08 <15% 75° - B85°
Amber 584.5 nm 580 nm 597 nm 14 0.09 <15% 75° - 85°

Notes: (for Tables 2 & 3)
1. Dominant wavelength Is derived from the CIE 1931 Chromaticity diagram and represents the perceived color. Lumileds
maintains a tolerance of + 0.5nm for dominant wavelength measurements.

2. Royai Blue product is binned by radiometric power and peak wavelength rather than photomatric lumens and dominant
wavelength. Lumileds maintaing & tolerance of £ 2nm for peak wavelength measurements.
CCT +5% tester tolerance.

Spectral width at ¥2 of the peak intensity,
- Total angle at which 90% of total luminous flux is captured.

8% is the Off ads angle from lampr centerline where the luminous intensity is % of the peak value,
Cumulative flux percent within = 45° from optical axis.

Off axis angla from larmp centerline where the luminous intensity reaches the peak value.

O N O s w

LUXEON Emitter DS25 (3/06) 5




Notes: (for Tables 2 & 3} Continued ' . ‘ e
9. CRI {Color Rendering Index) for White product types is 70. CRI for Warm White product type is 90 with typical Ry value
of 70.
10.All red, red-cranga and amber products built with Aluminum Indium Galkum Phosphide {AllinGaP).
11.All white, warm white, green, cyan, blue and royal blue products built with indiumn Gatiiumn Nitride {InGaN}.
12.Blue and Royal Blue power light sources represented here are [EC825 Class 2 for eye safety.

Electrical Characteristics at 350mA, Junction Temperature, T, = 25°C

Table 4.
Temperature
Coefficiant of Thermal
Forward Reslstance, .
Forward Voltage Ve ™ Dynamic Voltage # Junction -
Radiation Y] Resistance ™ mv~C) to Case
Pattemn Color Min. Typ. Max. QR AV:/ AT, CGW) R,
White 2.79 3.42 3.99 10 -2.0 15
Warm White 2.79 3.42 3.99 1.0 -2.0 15
Green 2.79 3.42 3.99 1.0 -20 i5
Cyan 2.79 3.42 3.99 1.0 -2.0 15
Blue 2.79 3.42 3.99 1.0 -2.0 15
Batwing Royat Blue 2.79 3.42 3.99 1.0 -2.0 15
Red {BD01) 2.31 2.85 3.27 2.4 -2.0 16
Red (BDO3} 2.3 2.95 3.51 2.4 -2.0 18
Red-Orange 2.31 2.95 3.51 2.4 2.0 18
Amber (BLO1) 2.31 2.85 3.27 2.4 -2.0 15
Amber (BLO3} 2.31 2.95 351 2.4 -2.0 18
White 2.79 3.42 3.99 1.0 -2.0 15
Green 2.79 3.42 3.99 1.0 -2.0 15
Cyan 2.79 3.42 3.99 1.0 -2.0 15
Lambertian Blue 2.79 3.42 3.99 1.0 2.0 15
Royal Blue 2.79 3.42 3.99 1.0 -2.0 15
Red 2.31 2.95 3.51 2.4 -2.0 18
Red-Orange 2.31 2.95 3.51 24 -2.0 78
Amber 2.31 2.95 3.51 2.4 -2.0 18
White 2.79 3.42 399 1.0 -2.0 15
Green 279 3.42 3.99 1.0 -2.0 15
Cyan 2.79 3.42 3.99 1.0 -2.0 15
Side Emitting Blue 2.79 3.42 3.92 1.0 -2.0 15
Royal Blue 2.79 3.42 3.99 1.0 -2.0 15
Red 2.31 2.95 3.51 24 -2.0 18
Red-Orange 2.31 2.95 3.51 2.4 -2.0 18
Amber 2.31 2.95 3.5 2.4 -2.0 18

Notes for Table 4:
1. Lumileds maintains a tolerance of + 0.08Y on forward voltage measurements.

2. Dynamic resistance is the inverse of the slope in finear forward voltsge model for LEDs. See Figures 3a and 3b. Measured

between 25°C < T £ 110°C at Ig = 350mA.

LUXEON Emintar DS25 (3/06) 6




Absolute Maximum Ratings

Table 5.

White/Groen/ Rec/

Cyan/Bue/ Wam Red-Orange/
Parameter Roydd B’l"..f. White Amber

DC Forward Cument (mA} 1 _ 550 _ 350 385

Peak Pulsed Forward Current {mA) 500 500 550

Average lgonNard Current (mA) 9_50 350 350

ESD Sensitivity % 16,000V HBM

LED Junction Temperature (°C) 135 120 120

Storage Temperature (°C) B 4010 +120 -40 to +120 -40 to +120
Soldering Temperature (°C) 260 for 5 260 for 5 260 for 5

seconds max Seconds max

seconds max

Notes for Table 5:

1. Proper current derating must be observed to maintain junction temperature below the maximum. For more information,

consuit the LUXECON Design Guide, available upon request.

2, LEDs are not designed to be driven in reverse bias. Please consult Lumileds’ Application Brief AB11 for further information.

3. Measured at leads, during lead soidering and slug attach, body temperature must not exceed 120°C. LUXEON emitters
carnot be soldered by general IR or Vapor-phase reflow, nor by wave scidering. Lead soldering is limited to selective
heating of the leads, such as by hot-bar reflew, fiber focussed IR, or hand soldering. The package back plane {siug) may
not be attached by soldering, but rather with a therma'ly conductive adhesive. Electrical insulation between the slug and
the board is required. Please consult Lumieds' Application Brief AB10 on LUXEQON Emitter Assembly information for

further details on assembly methods.

LUXEON Emitisr 0SZ5 (3/06)
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Wavelength Characteristics, T; = 25°C
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Figure 1a. Relative Intensity va. Wavelength
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Figure 1b. White Color Spectrum of Typical CCT Part, integrated Measurement. Applicable for LXHL-BW02
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Figure 1c. White Color Spectrum of Typical Warm White Part, imegrated Measurement. Applicabte for LXHL-BWD3,
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Relative Light Output (%

Rektive Light Output (%)

j iy z g Y

40 60 80
Junction Terrperature, 7, {°C)

| = GreenPhotomatric
........ CyanPhotometric
1= -+ — - BrePhotometric
1— — - —Whie Photmetrc
| = - = » =Royd Bue Radiometric

Figure 2a. Relative Light Ouiput vs. Junction Temperature
tor White, Warm White, Green, Cyan, Biue and Royal Blue.
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Figure 2b. Relative Light Output va. Junction Temperature

for Red, Red-Orange and Amber,
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Forward Current Characteristics, T, = 25°C

Note:
Driving these high power devices at currents less than the test conditions may produce unpredictable results and may be subject
to variation in performance. Pulse width modufation (PYWM) is recommended for dimming effects.
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Figure 3a. Forward Current vs. Forward Voliage for White,
Warm White, Green, Cyan, Blue, and Royal Blue.
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Figure 3b. Forward Current vs. Forward Voltage
tor Red, Red-Orangas and Amber.
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Forward Current Characteristics, T, = 25°C, Continued

Note:
Driving these high power devices at currents less than the test conditions may produce unprediictable results and may ba subject
to variation in parformance. Pulse width modulation (PWM} is recommended for dimming effects.
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Figure 4a. Relative Luminous Flux vs. Forward Gurrent for White,
Warm White, Green, Cyan, Blue, and Royal Blue at T, = 25°C maintained.
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Figure 4b. Relative Luminous Flux va. Forward Current
for Red, Red-Orange and Amber at T, = 25°C maintained.
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Current Derating Curves
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Figure Sa. Maximum Forward Current va. Ambient Temperature.
Derating based on T pux = 135°C for White, Green, Cyan, Blue, and Royal Blue.
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Figure Sb. Maximum Forward Current vs. Ambient Temperature.
Derating based on T,y = 120°C for Red, Red-Orange and Amber.
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Typical Batwing Representative Spatial Radiation Pattern

Note:

For more detailed techrical information regarding LUXEON radiation pattems, please consutt your Lurnifeds Authorized
Cistributor or Lumileds sales representative.
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Figure 6a. Typicalf Representative Spatial Radiation Pattern
for LUXEON Emitter Warm White A XHL-BW03).
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Figure 6b. Typical Repreaentative Spatial Rachation Pattern
fer LUXEON Emitter Green, Cyan, Blue and Royal Blue.

100%
90%
80%
70%
60% |

f \

T\~ \
s !
40% S e . {
\

30%
20% .
10% | 1
0% C
-i00 80 60 40 -20 0 20 40 60 8 100

Angular Displacement (Degrees)

Relative Intensity (%)

Figure 6c. Typical Representative Spatlal Radiation Pattern
for LUXEON Emitter White (LXHL-BW02).
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Typical Batwing Representative Spatial Radiation Pattern, Continued

Note:

For more detailed technical information regarding LUXEON radiation pattems, please consult your Lumileds Authorized

Distrbutor or Lumileds sales representative.
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Figure 6d. Typical Representative Spatial Radiation Pattern
for LUKEQN Emitter Red (LXHL-B001) and Amber (LXHL-BLOT).
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Figure 6. Typical Representative Spalial Radiation Pattern
for LUXEQN Emitter Red (LXHL-BD{3), Red-Orange A XHL-BHO3) and Amber (LXHL-BLOJ).
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Typical Lambertian Representative Spatial Radiation Pattern

Note:

For more detailed technical information regarding LUXEON radiation patterns, please consult your Lumnileds Authonized
Distributor or Lumileds sales representative.
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Figure 7a. Typical Representative Spatial Radiation Pattern
for LUXEON Emitter Red, Red-Orange and Amber.
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Figure Th. Typical Representative Spatial Radiation Pattern
for LUXEQN Emitter White, Green, Cyan, Blue and Royal Blue,

Typical Side Emitting Representative Spatial Radiation Pattern
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Figure 8a. Typical Representative Spatial Radiation Pattern
for LUXEQON Emitter Red, Reg-Orange and Amber.
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Figure 8b. Typicatl Representative Spatial Radiation Patterm
tor LUXEON Emitter White, Green, Cyan, Blue and Royal Blue.

Average Lumen Maintenance Characteristics

Lifetime for solid-state lighting devices (LEDSs) is typically defined in terms of lumen maintenance--the percentage of initiat light
output remaining after a specified period of time. Lumileds proizcts that LUXEON products will deliver on average 70% lumen
maintenance at 50,000 hours of operation. This performance is based on independant test data, Lumileds historical data from
tests run on similar material systems, and internal LUXEON refiab”ty testing. This projection is based on constant current 350

maA. operation wilh junction temperature maintained at or below 90°C. Observation of design imits included in 1his data sheet is
required in order 1o achieve this projected lumen maintenance.
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