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ABSTRACT

Power supply in the past was a linear supply type, had large size with much weight. If more
power was required, the efficiency would be lower.

In the present, switching power supply is wide spread in electrical field such as in computer
system, communication and industry. Due to its has light weighi, high efficiency and small size.

In this project, we study about the principle of a switching power supply with the output rated
5 Volts 100 milliamps. The input of our power supply is 220 Volt., In many microcontroller
applications the size of power supply component is a problem, most of power supplies are too large.

The power supply from this project is designed to support small microcontroller applications which

they do not need a large size of power supply.
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qoqa mseg lAnnmaedt 3.2 Adidueninamifiuo.2s w— 1 wuazidenduAuilizysmman

= w . .
#1135199 3.3 luneduUDY half-wave rectification
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B i]”lﬂ’ﬂ'ﬂJﬂ'l‘i“ﬁ 2.2
PIV =2V, -V,,
=2(265)—0.7 = 529.3V

3 " ) n .
5 w2l laTeatnuusswu1d 1nni 529.3 v Suden lalen 1N4007 An1nseie 1 A

uaznuusau1é 1000 v dwuduivilszy Wenfinuusednlduinnd 375 v @naumsii 3.0

-— |- ar d t e e amem —_— e — - . - .
Saldaunuiszqunag ouF annsonuusesula 400 v -

85.265 VAC FarsIm PRIy PrITT131E03 FIIFF 421431
Input Stage R, R, 1004700, R.:820, 1 WFusible R.,: 820, 1 W Fusible R, 82 9, 1 WFusible
0.5W, Fusilde R 1000, 05W, L 470 pH-2.2 mH, L. 470 yH-2. 2 mH,
C, =22 uF 400 Y Flame proof 0.05A-D3A 005A03A
D, Do INADOT, 1A, C..Conr=33 uF, G, Coyad pFAN | Gy Cogi=2nFMW,, |
1660V 400 each 400V eaen " 400V each
D D, TN4DOF, TA, D Doo INADO7, 1 A D D, INADOS, 1A,
1000V 1000V E00V

mefl 3.3 anadadulszgsau

Total Capacitance CIN(TOTAL)
uF/POUT (CIN1 + CIN2)
AC Input Half Wave Full Wave
Voltage (VAC) Rectification Rectification
B 100/115 6-8 3-4
230 1-2 1
Universal 6-8 34

S S — .. —_—

w
L

Yuh 3 mmgegauasirgavowssduliihnseuans Bune (v, uaz v, ) 911081

-4
Augruvoussau lvhnszuaeadu

AUIUNIAT V910

Viax =2 VAC, ©)
=/2.265=375V,,



9
guud Idmanudumudunaiianiosun auiulifauseduand

ATUIUNIA V,,, 90

I(z VAC?, \21—1(

]
=i ar

21

Adrumiu

e+ 7

L

U-CJN(TOTAL)

) —— — -
27, )

51952)2(0 5) 1 3007
B =0 =1
\.' 0.55x1 e

—

»w
aF

=

+ drdioya lufivawe W awud na1filaTeathnssualnlfuih 1. = 3ms

P A P p o & ¢ o w
Yun 4 Laﬂﬂqﬂﬂ‘im Link Switch-TIN Tﬂﬂﬂ'ﬁ«lQﬂﬂﬂixuﬁlﬂ"lﬂw@]Nﬂﬁa’ﬂ'ﬁguﬁmﬂﬂ

Fw5u Tnuaihnszua luaoios (Mosily Discontinuous Conduction: MDCM) NFZLE

wansiadosnimiorhidunssuadiiadiga

I LIMIT _MIN

>2.0

[}

o or ) T 4 L N '
sy Tnuadinszuaaoios (Continuous Conduction Modes: CCM) “luﬂmﬁaﬂqﬂnm

=3

WEARInNTEUER YA (1) A8aili111nn 1 50% YaenszuadInagaga (minimum current limit)

uadnatteandi 80% veanselainaaga

O'SILIMIT_MIN <ly< O'SILIMIT_MIN

<
AN87 34 ulSouisunavlse ﬂ’mTHuﬂmnswLm”lmﬂmmuauums“uﬂﬂmum

AnNsnke

& o W i
I.ﬁliﬂﬂ'li“r’l’lﬁ'lu‘lﬂ‘i]’lﬂﬂ"l‘i'lﬁﬂ 34

Operating
Description

OMPARISON.Q

t

los toer

t
towe

Inductor current falls lo zero during
Borderline between MOCM and CCHK
lgz=0.

-y

FRITeR-121203

when

Cusrent fows conlinuously in the inducter for
the entire duralion of a switching cycle.

b ' e

FEIITC-131203
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) :i A w o o 3 4
* Fuit 5 mafendaniionimeanuening
M3 3.5 Idadameniwes sedunszua T RMs S fuusedu Idfiverina

& {I .3’ o 1 a ar o YN ¥ 1
ﬂqqﬂllﬂgﬂigllﬁ L uwu§1u1uﬂ'Ii'ﬂ9ﬂllﬂﬂﬂ]u?mﬂ1ﬂ1l13QﬂuﬁQﬁﬂﬂﬁﬂﬁzuﬁlﬂ‘l‘n“ﬂ 11111@]'?]"]

T T T TmumABenTs lunTsesnmuua a1y T sunya PIXL UnHAei 3.5 fdeamsany

LTI R IR F UM I N AU

e e e e e V I
2'KL _ToL- ( J (VM!N VDS iz )

B K, oss

b
[$8)
[#S]

ot

1“0

Uz!MlTiMIN -1 j\’IHAL )-F SMIN -(V MIN VDS)

S

uandsenddun i ide L, edlugs

680uH < L, <L<1.5L,,
680uH <L <1021.5uH

1
1 ar =1

) [ r N o = lg 1o 0
TINTU Link Switch-TN ﬂ'lﬁ'ﬂﬂﬂ!.lﬁ”‘ﬂiﬁllﬂﬂ'liﬂ'lluuﬂ'li ﬁlx‘lmuﬂgﬂummmumm

2

o = 4 a o o d r
I“r’ii]ﬂ“l]i’Nﬂ"l'iﬂ’]luuﬂ'l'i%ﬂﬂuﬂ@ﬂ‘ﬁu‘u@ﬁﬂigllﬁiﬂﬂﬂ Llﬂgﬂizllﬁﬁﬂﬂﬂﬂlﬂﬂﬂ'l'imf]ﬂﬂqﬂﬂiﬂ! f11

.
<y -]

Qr o t H : o
vasdunileniivuadisadA R aoven N lumsadn g

Anafi K, o, Tuaunishi 3.3 uazameonuuuntunsied 3.5 dunsolivaiaslduas 19

t qr d' o :‘- kY ¥ 14 9 = 9 = 1 [T
mFanininsudumunsnld onn liiideyaivane ldauuiial K, o, Wi 1.15)

dll = = ar o c; o = [} 1 ar 3 [} 9
mmi]muﬂ15qmuLﬁme~a1u1ummumm ‘iN‘hJﬁ'lll']'iﬂ%TUWﬂQQ'IHYNﬂﬁJﬂLLﬂTHaﬂ]lﬂ

4 s v A Y a 9 ar = 1 1 1 ar
Fansyasadvsviladenih e nugade Taeldauls K 101085211319 50% A1 66%

"

13 r
vosnnugaudensiualumseldnudwmtieniluauns

2(1-1) (l—n]
K =1- e 1| —£ 3.4
T mm T e [ 3- ] —\2 ) - - '(f) —
_1- LZ(I Ubb)J 5\11 LI—UDDJ
3 2
=0.7 81 0.775

meﬂﬂwmmmummmu 820 uH NAAANIZIE 0.2 A
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% ] ~ s o ¢ @
FI'I‘JN'?I 3.5 uaag ﬂ']‘ilﬁ’ﬂ AATHITIUIADTVDINVTUAADULIDILADT

INDUCTOR DIODE
Voo | L e LNK30X | MODE R, R,
o 7 T wH [ mA | TOKIN | COILCRAFT [ b by |
= an, O (50 kT3]t e ol A A <o
- 1A [+1:1%) FAY DOUATUBT=AT] ArDUBI/~os] TYITACIVE — I 115
LNK304
160 | 680 | 230 | SBC2-681-211 | RFBOBO7-681 CCM | S35ns
175 680 | 320 | SBC3-681-211 | RFB0O810-681 MDCM | S75ns
5 LNK305 384xQ) | 39v
— - == F == =225 680-|-340 -{ -SBC4-681-211— | -RFBO810-681 -|~ —— |~ CEM - |-S35ns |-o— oo o)—
280 | 680 | 440 | SBC4-681-211 | RFB0310-681 MDCM | €75 s
LNK306
r— — 60— | /830|430 | SBCA-681-211 REBUSI(=68T CTCM <157
<gs | eso | 180 | sBC2-681-211 | REBORO7-631 MBCM | S75ns
120 | 1000 | 230 | SBC3-102-281 | RFRO807-102 | LNK304 | MDCM | S75ns
160 | 1500 | 320 | SBC3-152-251 | RFB0810-152 cCM | S3suns
11.86
12 175 680 | 340 | SBC3-681-361 | RFB0810-681 MDCM | S75ns [TRY
LNK305 k0
3 225 | 1000 | 440 | SBC4-102-291 | RFB0810-102 CCM | =35ns
280 | 680 | 430 | SBC4-681-431 | RFBO0810-681 MDCM | S751ns
LNK306
360 | 1500 | 400 | SBC6-152-451 | RFBLO10-152 CCM | S35ns
S70 | 680 | 160 | SBC2-681-211 | RFBO0307-631 MDCM | Z751ns
LNK304
120 | 1200 | 210 : RFB0807-122 MDCM | <75 ns
160 | 1800 | 210 . RFB0810-182 CCM | 235ns
LNK305 15.29
15 175 820 | 310 - REB0§10-821 MDCM | 575 ns 0 13V
k
225 | 1200 | 310 - RFB1010-122 cCM | S35ns
280 820 | 390 - RFB1010-821 | LNK306 | MDCM | S75ns
360 | 1500 | 390 | SBC6-152-451 | RFBL010-152 CCM | =35mns
S50 | 680 | 130 | SBC2-681-211 | RFBO8O7-681 MDCM | S75ns
LINK304
120 | 1500 | 190 | SBC4-152-221 | RFB0810-152 MDCM | S75ns
160 | 2200 | 180 | SBC4-222211 | RFB0810-222 cCM | S35ns
LNK305
\ 24 175 | 1200 | 280 - RFB0O§10-122 MDCM | 750 | 2560 | 22V
225 | 1500 | 280 | SBC6-152-451 | RFBIOL0-152 CCM | S35ns
280 | 1200 | 350 . RFBIO10-122 | LNK306 | MDCM | =75 ns
360 | 2200 | 360 | SBC6-222-351 - CCM | S35ns

YU 6 1Hon Freewheeling Diode

d 5y Inuathnszualiaaiiios (Mostly Discontinuous Conduction: MDCM) Nigavgi]

=

Lo WBOAMSBINAY 70 8981 2510 1Y Ulta-fast laToahiilf1 Reverse Recovery Time (t)

o T = L In:!l. 1=y T = | 3/ d':l 1
Yeonmiomiu 75ns  uahgungil t,, 1131 70 83f1 Bon1d Ulrafast laloaniial

2 1

Reverse Recovery Time (t ) YoM oA 35ns
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d iy Tmuminssuadatiios (Continuous Conduction Modes: CCM) wwonld Ultra-fast

TaToaniin1 Reverse Recovery Time (t_) Youn T3 osiy 35 ns Hvouwaeeudu1dn 25% il

Freewheeling Diode

V,y > 125V,
Vi > 469V

14
=

M 2 a = d Ay
aaenlaleanaiunsaiinszuanlvaa@unld datl

I, >1251,
I, >125md

~. 180N 14 Freewheeling Diode UF4005 inuussaudioundugaga 14 600 V uasilnssue

wuz Tnaadiunld 1 A eansnidon Freewheeling Diode 1d910615197 3.6

M990 3.6 Freewheeling Diode 1@ Ultra-fast

parTNO.. [o/] - PACKAGE | MANUFACTURER
(V) (A) (ns)

MUR160 600 1 50 Leaded Vishay

UF4005 600 1 75 Leaded Vishay

BYV26C 600 1 30 Leaded Vishay/Philips

FE1A 600 1 35 Leaded Vishay
STTA106—|—600—|—1—|—20— Leaded -ST Microeleetronics-
STTA10 6U 600 1 20 SMD ST Microelectronics

o | .usy {600 | 1 | 75 | _ SMD Vishay _ | __.

& A A w d Y ¢
Y 7 Wendufuilszgmeduieive

=1 J o o o . @ .
danulszgmednoing Suiludeafiilsils Ripple voitage Tnena 1y Ripple voltage 93

3 ‘o = = =7
Auegin anudmmuudsluduiulszy ESR) eunsodouauns Tadlu



S rmmAnihAansIuAnant NVINELRELTANT a5

\ |
g 149493924
ESR,,, = RIPIIE. (3.5)
ILIMIT
Vg
L WD Vi, fomigegauenerinarpple @y vy 7

Lye 710 N33uad1naues Link Switch-TN

e5h 0

T o g 1 o { { A 24
= manwdumundsludanulsyy sslssnannmsumz e lumsadagfies ks — . — .

1 o ] v a 1 A o of a ar
Tiuuzildldawesduduilszguinndt 100 uF wagilssanaunulszgannsoaflosiuusedu

o TR ' N ] =
11V MAINN5UUA13EN 11955021987 50 ms ROUITY Auto - restart 81389015 1ATIN31l52y Wi

v

& 2 o d
NN AFTRUADT2T s0f - start
PR Py
Ui 8 1henANUAIUNIY Feed Back
ABINIIUAINIY Feed Back HAzAMNAIUNTY Bias (G0n110m151U 501 nseduening

ATABINTT U5 9AUNT Feed Back (V) IAv111 1,65V uaziingzud Feed Back (M1 49 uA

¥

Q 1 H 1 A
i muannnudIunIy Bias 1811 2.2 kKO nssud Bias 7 lwataseuna 0.8 mA #4

92 1AFRUE 1191 Feed Back 1311

Vo -~ VFB . (Vo ) VFB)-Rﬂms

" __VFL + ]FB VFB + (I FB 'RBias)

R

(3.6)

Bias
. 4
UNuUA lUEUMs N 3.6

(5—1.65)(2.2x10%)

165+ (49x10° x2.2x10°)

S e R,=419274Q=424CQ

aanudunnng 4.2 kQ Tulivslutesaanadudenldanudiunivving 4.7 kQ

Uny
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v
&

Fufi 9 1ionlaTon Feed Back nazdaumnlszy
dmfudufalseq Feed Back 19uu1a 10 uF wiln Electrolytic uazamnsonuusasu 14

1

WINATIMTBININY 1.25V = 1.25(5) = 6.25 V

-, @enlFduAuilszyaing 10 uF ¥iia Blectrolytic wagnuussduld 50 v

L TN s U6 10R Feed - Back 19tA-glass passivated 1N4005G 113 0 INA937GP S aAG0 -

nuussau ldmnahmToity 1.25V,,,, = 1.25(265) =331.25 V

. Wonl¥laTon Feed Back ¥1in glass passivated 1N4005G wuuiaﬁu%uﬂﬁuqaqﬂ"lﬁ

o o 1
600 V uaziinszuavne aaaun 1a 30 A

.'-’ A ar
UHUN 10 Lﬁﬂﬂﬂ’llﬁﬂﬂix?‘ Bypass
1dsuRanlszy Bypass vu1a 0.1 uF 31ia Ceramic Nunsaau 1A 50 v

Vi 11 (HonAWAIINIY Pre-load
o ar o ¥ 3 =1 Y T kY ]
dmFumseanuuumstieundolasasedi Inaadrgaiinniosndn 3 ma udrldsmom

R, =V, /3 mA
3 ]
Tassouii egludowladand T liamnsoldgas R =V, /3 mA 18

o o’; = 3/ 'S
agtiu 9 ldnguoaloviy

V=1IR (3.7
¥

R o g

R, =—2

PL Io
e

= =500
"L 100mA

‘*Dﬂ‘i’f Pre-load resistor = 50 {2
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| 3.3 1999mely IC LNK304PN
kg I —————— . -
- S Y — . . |recvrator] ., !
—
FAULT
souh | PRESENT
AUTO- ‘
RESTART —D)— BYPASS Pl
- - B (U IV COUNTER § W | _UNDER.VOLTAGE ._ PN
ST T T eloende  — b R _ [t M
RESET Fyiiice
CURRENT LIMIT
— —REAV— G Y COMPARATOR
_/‘
' - _Ovlum
JITTER
CLOCK —
P 15
OSCILLATOR
FEEDBACK
oy e 1}.{6)3\'-\’“,
LEADING
:E—ﬂ: EDGE
BLAMKING
0
SOURCE
(s}
PL2247.4 |1503_

71 3.2 2993m0T0 1C LNK304PN

3.3.1 83U IEN131191%4V03U1 IC LNK304PN
91 Drain (D)

. 3 P v o ar A c;) w9
U1 Drain ‘i]xﬂjuﬂﬂlﬂiﬂﬂﬂ'ﬂ'ﬂﬂﬁuﬂﬁl,wﬂﬂ"lﬂq ﬂigllﬂ"ﬂ‘iﬂuﬂxlﬂuﬁﬂ]ﬂ’lﬂ‘l—lﬂﬂ'ﬁ start-up ll6ig

TN steady-state

R 21 Bypass (BP)

ihigadondetuduilszyuuna o.1uF Aegmuouen tionolu IC LNK304PN 1314

e H o
g5 aunasteldn 5.8 Tiaa

o Feedback (FB)— — —

fanrzdnAmstindveemiamdargnatunu Taow Feedback iafinszue Tvaru
¥
NN 49uA s linemasdangariien

21 Source (S)

1 Drain wiilugaifoudevesuoamaiiga uazduilugadada (eround) ¥o1u1 Feedback

(8291 Bypass
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Nan1INAaeIas NI HiNaNINAaDg

MsnagoUMSHhnueIaIasuwnesswwate InoSaswowsau Wity
Aszua W Rlinsafoumnuduniu Pre-load
~ o @ & ] ] qs - D
= = - eanguedleuefineanuduiutsendnszua Il ranuehaded i R —

Auniu TuresTddh aanfe aszua i lvadudalan uilsduasesunatudiedng

usadu 1vivh nSeussduanaseon) uawaliwnfusuanudiuniussi edesaaniufinszualva

WU

=Y o 1 b4
gayaunmInsadiamansifiowldidu

Taof v Ao ugesu Tvvh Imdaadlu Toed v)
I fie nsgue Wi Sviaedly wouals (a)

R Ao anudemu lWdh Smibaily Tevy (Q)

— qiffi 41 2993 Ivivhaungues lovar
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4.1 wamanaaesiamusesuiiihiunszualrihficinanuimumy Pre-load fay

M17197 4.1 wansnaaediamanauswu Iihsunssua Iwdh Taefinsalasuninny

L ] -l Id' ax LY I'lQ % R S} 1w g S 7 B
R, k) | R, &C) | R, (D Voupur (V) Lyuiput (MA)
e |4z 22 0 | iudem | udeeladle |

) 4.7 2.2 18 4.819 265.56
37 232 70 4856 24230

4.7 2.2 2 4,859 216.73

4.7 2.2 24 4,885 201.65

4.7 2.2 27 4.921 180.56

! 47 22 39 4.95 113.128
47 2.2 47 4.96 95.583

4.7 2.2 50 4.964 90.729

47 22 56 4.966 82.158

47 2.2 68 4.98 68.169

4.7 2.2 75 4.971 62.322

47 22 82 4.986 57.694

4.7 T 91 4.988 52.198

4.7 2.2 100 4.993 48.317

4.7 2.2 120 5.005 40.516

¥ 47 2.2 150 5.022 32.797
- 47 22 180 5.041 27.799
4.7 2.2 300 5.095 16.929

- |47 —22- | =330 — | — -5:006 —-|— —15400 — f—— -

4.7 2.2 470 5.154 11.012

4.7 2.2 500 5.166 10.395

4.7 2.2 1k 5.292 5.359

4.7 22 2k 5.47 2761

47 22 2.7k 5.561 2.076

4.7 2.2 3.9k 5.686 1.471
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[\&]
O‘
LT T VTN S O B I

-~
(=]
I A Y N | T | Y |

0 ! T T I T T I T i I I ! T I I I I i [ T [ T T IA"I

10 18 20 22 24 27 39 47 50 56 68 75 82 91 100 120 150 180 300 330 470 500 1k 2k 2.7k
Ry,

31 4.2 naagnrmduiusserhanssuaeMYARUALAILIN Pre-load 2INMIINATBS

PNHANTNATINT15199 4.1 uaasnems Tanvesusedu i dunszua Wi Tasiims

i 1 1 4 I U ‘; 3 1
WAsumMANUATLUNIY Pre-load (R, ) nuF1uiiom1nnud1umnig Pre-load (R, ) s wiiniivdana

]
~ 1

Y s A -g ' o
Tussdu I uovinadawisuaw daunszua il niyaiidianas nosfimanudmunm

1 1w 1 [ o o ;
Pre-load (R, ) HAuninn 10 Qliannsodadus sduoninanaznszuaeiyald iiosnin

Y o ar A e 9 ' =W L=
toiiaveq IC LNK304PN fifvualinszue e niveiian luddu 360 ma
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A - L o ﬂl. 1
MmNl 4.2 wamsAnaussdu Infhdunssua ifhmungug Taefimsa/Goumanu

#11MM Pre-load 7l Ry, SiAwiifl 4.7 kQ uae Ry, Sy 22 k0

R k) | Ry, k€ | R, () Vouput (V) Tyt (@A) 1
I B 22 10 5000 566000
47 2.2 18 5.000 277.778
|47 | 22 | 20 | 5000 _ |_ 250000 | o
4.7 22 2 5000 07273
——47 2.2 24 5000 208333
47 2.2 27 5.000 185.185
47 2.2 39 5.000 128.205
47 22 47 5,000 106.383
> 47 2.2 50 5.000 100.000
4.7 25 56 5.000 89.286
4.7 22 68 5.000 73.529
47 2.2 75 5.000 66.667
4.7 2.2 82 5.000 60.976
4.7 2.2 91 5.000 54.945
4.7 22 100 5.000 50.000
47 22 120 5.000 41.667
47 2.2 150 5.000 33.333
4.7 22 180 5.000 27.778
X 4.7 2.2 300 5.000 16.667
4.7 2.2 330 5.000 15.151
4.7 2.2 470 5.000 10.638
e e s se00— 0000
4.7 2.2 1k 5.000 5.000
4.7 2.2 2%k 5.000 2.500
4.7 2.2 2.7k 5.000 1.852
47 2.2 3.9k 5.000 1.282
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“t L L I B B e e e e S e e o

10 18 20 22 24 27 39 47 50 56 68 75 82 91 100120150180300330470500 1k 2k2.713.9k
R

FL

4 @ w 1 o =
U 43 arasanuduiusszrhenszumeninasuanud Mg Pre-load MIANGBY

MNHANIAIUMTINN 4.2 namsfamsiianssiu liihsunszue Tiiheamaug
A A ' Y VoA Y R 1
Taofnnsiffeurinnudimon Pre-load (R,,) wuduilo Andinmin pre-load (r,,) Timiadu
. , P, Wy
demnlitnszua llihorminadiaiaans Tuvaeius s liiihiidined dadhslilnunguesTery

AN V=IR
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ANUAUNIY HANITNABDY Ny

Repk&D) | Ropyo®kCD) [ Ry (€0 | Voo V) | Ly A | VL (V) L MA) |
47 422 L 10 | et it ——S 566600

4.1 2.2 18 4.819 265.56 5 277778
4T 22 20 | 486 | 2423 | 5 | 20 |
47 | 22 | 22 | 4sse | 261 | s a3 | o

EE 2.2 2% 4885 20165 5 708.333

4.7 2.2 27 4921 180.56 5 185.185

4.7 22 39 4.95 113.128 5 128,205

4.1 22 47 4.96 95.583 5 106.383

4.7 22 50 4,964 90.729 5 100

4.7 2.2 56 4,966 82.158 5 89.286

4.7 2.2 68 4.98 68.169 5 73.529

4.7 2.2 75 4971 62.322 5 66.667

4.7 2.2 82 4.986 57.694 5 60.976

4.7 22 91 4.988 52.198 5 54.945

4.1 2.2 100 4.993 48.817 5 50

47 2.2 120 5.005 40.516 5 41.667

4.7 22 150 5.022 32,797 5 33.333

4. 2.2 180 5.041 27.799 5 27.778

4.7 22 300 5.095 16929 5 16.667

4.7 2.2 330 5.106 15.409 5 15.151 7

4.1 2.2 470 5.154 11.012 5 10.638

o222 | 5000 | 5.166. | 10395 -| - —5 .- i B R

4.7 2.2 1k 5.292 5.359 5 5

4.1 2.2 2k 5.47 2,761 5 2.5

47 2.2 2.7k 5.561 2,076 5 1.852

4.7 2.2 3.9k 5.686 1.471 5 1.282
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UF4001 thru UF4007

Vishay General Semiconductor

Ultrafast Plastic Rectifier

Major Ratings and Characteristics

I7av) 104
Varm 50V lo 1000 v B
- SR -~ S O S S P
e 50 ns, 75 ns N e
‘ LI G
Frmax: 156G —
NDo=-204AA1 {DO-A4)
R AL R T )
Features Mechanical Data
) + Glass passivaled chip junction @ Case: DO-204AL (DO-41)
+ Ullrafast reverse recovery time Epoxy mests UL-94V-0 Flammabtlity rating
¢+ Low forward voltage drop Terminals: Matte lin plated leads, solderable per
¢ Low swilching losses, high efficiency J-8TD-0028 and JESD22-B102D

* High forward surge capability
» Solder Dip 260 °C, 40 seconds

Typical Applications

E3 suffix for commercial grade
Polarity: Color band denoles cathode end

For use In high frequency ractification and [reewheel-
ing application in swilching mode converers and
inverters for consumer, computer and Telecommunl-
calion

Maximum Ratings
Ta= 25 °C unless othenyise specified

Parameter. . -~ | Symbols | UF-Z[UF | UE [ UF | -UE ] Units
" ST DS e i .| 4001 | 4002 | 4003. 5| 4008 | 4007 |
Maximum repetilive peak revarse voltage VERM 50 | 1c0 200 8GO | 1000 | M
Maximum RMS voltage VRns 35 70 140 560 700 v
Maximum DC blocking voltage Voo 50 100 200 800 1000 v
Maximum average forward rectified ourrent IFiavy A
0.375" (9.5 mm) lead langth at T, = 55 °C. . . — - — -
—_ “| Peak lorward surge cunent 8.3 mesimgle Al — [ “legq | an _A
sine-wave superimposed on rated load
Operaling junction and storage temperature Ts Terg -55to+ 160 C
range

Document Number 88755

www.vishay.com
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R UF4001 thru UF4007 ViSHAY
] &
Vishay General Semiconductor v
Eiectrical Characteristics -
- © = Ta= 26 °C unless olherwise specified - T -
""""" | T TesteonanGn [ Symbals[~ UF | UF |- UE. || UF | UF .| UE | -UF | Unis
MR Lo - S 4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
Maximum inslantaneous al .04 {0 Ve 1.0 1.7 v
forward veftage
_ _ _|Maximum DC reverse current [Tp=26°C [ | | T g I A —
T & raledDG blocking voltage [T 100 - o 50
Maximum reverse recovery  {lp=0.5A, lp= L.OA, tn B0 75 ns
time_ tr=025A
Typical junction capacitance  |at 4.0V, 1 MHz C, 17 pF
Noles: (1) Pulse fest: 300 ps pulse width, 1% duty eycle
Thermal Characteristics
Ta= 26 *C unless olhenvise spacified
! TSN LA Paameler o o | Symbels| UF - fTUET[UF ] CUF T YR [ ORST UE- | Units
R jo . | 4001 | 4002 | 4003 | 4004-| davs | doog:| weer |
Typlcal thermal resisiance () Faua 60 ‘TW
RuL 15
Motes: (1) Thermal resistance Irom juriction te ambienl at 0.375 (2.5 mm} lead length
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UF4001 thru UF4007

Ratings and Characterlstlcs Curves

- —(Ta = 25°C unlese otherwise noled) -

Vishay General Semiconductor

Ambienl Temperatura [*C)

Flgure 1. Maximum Forvard Gurrent Derating Gurve

L
[=]

»
w

L]
[=]

[=]

Peak Fomrard Surge Cumemt (A)
" -
[~} o

=]

TTTT T T T TTTI1
TA =557C
o, 8.3m3s sinrgle hall sine-wave |
~J
\'\.
[,
\\
»
\"-; 1]
N
1 10 100

Flgure 2. Maximum Non-Repslitive Peak Fonvard Susge Gurrent

Number of Cycles al 60 Hz

Percenl of Peak Reverss Voltags (%)

Figure 4. Typical Revarse Leakaga Charactenstics

Instantanecus Forward Current (4
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Flgure 5. Typlcal Instantanecus Forward Cheractaristics
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Figure 8. Typical Aeverse Leakage Characteristios
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Vishay General Semiconductor
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Flgure 7. Typical Juncllon Capacitance

Package outline dimensions in inches (millimeters)
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8 Notice

Specifications of the products displayed herein are subjeel fo change without notice. Vishay Intertechnology, Inc.,
or anyone on Hs behalf, assumes no responsibility or llabllity for any errors or inaccuracies.

45

_ . _Information conlainad hergin.is inlanded lo-provide-a-producl-description-only. No-licanse, express orimplied, by —

aslo ' i mcwmﬁmpe%hmgmﬂedb}u%deeamemmmﬁdaﬁnﬂshay's
lerms and condilions of sals for such products, Vishay assumes no liability whalsoever, and disclaims any express
or implied warranty, relaling to sale and/or use of Vishay products incfuding liabiity or warranties relating 1o fitness
for a particutar purpose, marchantability, or infringament of any patent, copyright, or other inteltectual property right,

Customers using or selling these products for use in such applications do so al their own risk and agree 1o fully
indemnify Vishay for any damages resulling from such improper use or sale.

T _ITT T Theproduels. stiown herein are . not dasigned for use- n-medical, life-saving, -or-life-suslaining- applications:~
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POWER SENCONDUCTORS

P e 1N4001G — 1N4007G

¢® Glass Passivated Die Construction
® Low Forward Vollage Drop

&  High Current Capability |<' A _..Iq_B__+_ A ‘.i
#®  High Reliabitity N AR 3

o # - High Surge Cirrent Capabifity” ~__ - _——_ . 7~ ,i R __l__ ST T L
L 1] __T_
Mechanical Dafa - C
¥ Case: Motded Fiaslic D
#®  Teminals: Plated Leads Solderable per RTeXT
MIL-STD-202, Method 208 = o -
®  Polarity: Cathode Band Am 25': 2
¢  Weight: 0.35 grams {approx.) 5 O 5;1
®  Mounting Position: Any 5 0-7 : 2 IBG 4
Yy ® Marking: Type Number 5 200 272
Alt Dimansions In mm

Maximum Ratings and Electrical Characteristics @1,=26'C unless otherwise specified

Single Phase, half wave, 80z, resistive or Induclive load,
For capacitive load, darste current by 20%.

Charactarlstic Symbol 1N 1N 1N 1N 1N N 1N Unit
Aracy" YMROT | 40016 | 4002G | 4003G | 40046 | 4005G | 40086 | 4007 | UM
Peak Repetitive Reverse Vollage VR
Working Peak Reverse Vollage VRwu 60 100 200 400 600 800 | 1000 v
DC Blocking Voltage Vr
RMS Reverse Vollage VR(RKS) 3B 70 140 280 420 560 700 v
Average Reclified Gulput Cument 6 10 A
) (Note 1) @T, = 75°C .
- Non-Repetiiive Peak Forward Surge Current -
~ | 9.3ms Single hall sine-wave superimposed on " frsm 30 A
rated load (JEDEC Method)
Fonward Vollage @Ir = 1.0A VFu 1.0 v
— Peak-Reverse Current- —  @Ta=25C S e — &0~ — e = A _ _
- —|-At Reted DG Blotking Voltage —@T, =f00°¢—|- "™ —| — - — ——~—p9 — — - ———|—#A— | —  —
Typical Junclicn Capacitance (Nole 2) Cy 8.0 pF
Typical Thermal Resfstance Junction to Amblent
(Note 1) Rela 100 KA
Operating Temperalure Range T Bbta +176 C
Storage Temperalure Range Tsta 6510 +175 C

-

Note: 1. Leads mainiained at ambient tamperalure al a distance of 9.5mm from the case
2. Measured at 1.0 MHz and Appiled Reverse Voltage of 4.0V D C.
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NUMBER OF CYCLES AT 60 Hz
Fig. 3 Max Non-Repetitive Peak Fwd Surge Currant

Vg REVERSE VOLTAGE (V)

Fig. 4 Typical Junction Capacitance
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Product No.* Package Type Shipping Quantity
TINdOOIGTY © D041 | 5000/Tape&Reel |
tN4001G-TB DO-41 5000/ Tape & Box
1N4001G DO-41 1000 Units/Box
_____ _|N4002G-T3 | DO41_ | 5000Tape&Reel |
[indon2a.Te DO41 |  6000Tape & Box i
1N40026 D41 —4000-Units/Box
1N4003G-T3 D041 5000/ Taps & Reel
1N4003G-TE DO-41 5000/Tape & Box
1N4003G DO-41 1000 Units/Box
IN4DD4G-T3 DO-41 5000/ Tape & Regl
1N4004G-TB DC-41 5000/Tape & Box
1N4004G DO-41 1000 Units/Box
N40D6G-T3 DO-41 5000/ Tape & Reel
1N4006G.TB DO-41 5000/Tape & Box
1N4005G D041 1000 Units/Box
1N4006G-T3 D041 5000/ Tape & Real
1N4006G-TB DO-41 5000/ Tape & Box
1N4G06G DO-41 1000 Units/Box
1N4007G-T3 DO-41 5000/ Tape & Real
1N4007G-TB DO-41 £000/Tape & Box
1N4DO7G DO-41 1000 Unils/Box

Producis listed in bold are W

TE Preforrad devices.

T3 suffix refars to a 13 reel. TB suffix refers lo Ammn Pack,
Shipping quantily giver is for mirimum packing quantity only, For minimum oides
quantity, priase consull the Sales Depariment.
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Special Features—-—— -~ - = -

- High current capacity

5800 Serles

Part

lsat®*

Irptadt®

+Low DCR Humber {A) A
Farnite hobhinrors “SEOIIRTRL L - TN 73 128
5300-4R7-RC 4.7 0022 6.3 1.28

+YW-1 rated shrink tubfng to cover winding

+Dash No. marxing for identification

+ Dielectric strength 2500 Vrms 33;‘;‘;_2? S gg;g i: :i:
» Operating temperature -55 to +105 °C $300-100-RC 10 0,033 41 128
«Test frequency 1 KHz $800-120-RC 12 0037 6 128
5800-150-0C 15 0,040 13 128
Notes 3500-180-C 18 0044 10 1,28
; » S?t'urallon current to cause 10 % max IR = 0150 27 28
‘ : f 5800-270-RC 27 6058 15 128
inductance drop 5800-330-RC 33 2075 22 1008
4 Rated current to cause 35 °C max. $800-390-RC 19 0094 20 0.804
temperature rise 5800-470-RC 47 2109 1.8 0.804
5800-560-RC 56 0.140 17 0.804
5800-680-AC 68 0,145 15 0804
1RoHS Directive 2002/95/£C Jan 27 2003 0 £ B 14 0804
; y SBCO01-RC 00 0208 12 0432
including Annex. 5800-121.AC 120 0283 1.1 0.508
S800-151-RC 150 0.34 1.0 0.508
$800+181-RC 180 0362 0.95 0.508
5300-221-RC 220 0.43 086 0.508
S800-271-RC 70 0557 077 0.400
5800-331-RC 310 0665 0.7% 0400
5800-391-RC 350 0772 064 0400
$B00-471-RC a70 1.15 059 0318
$800-561-RC 560 1.27 054 0315
800-681-RC 580 161 049 2,250
SBO0-821-8C 220 196 044 0,200
5800-102-8C 1000 23 040 0.200
10 —= o070 | 5800-122-RC 1200 265 035 0.200
Hin. Max. 5800-152-RC 1500 3.45 033 0,158
i SA00-182-RC 1800 403 0.29 0.158
3 J_ ] 5800-222-RC 2200 448 027 0.158
'r — — SRO2NRC 2700 59 024 YT
- —r 5800-332-RC 3300 6.5 01 0,125
0.026 $800-192-RC 150 863 020 0.160
pire 5800472-RC 4700 105 0.8 0.100
Cimensions: Inches ' S800-562-RC 5600 139 0,166 D082
— — = e - — SBHBERC T 6800 LS S £ S Y] -
— - S200-87-RC 8200 208 0.134 0065
: 5500-103-RC 10,000 264 0.125 D050
5B00-123-RC 12,000 199 0114 0050
i 500-153-RC 15,000 425 0.098 0.03%
. 5800-183-RC 18,000 TS 0.091 0039

*%RC" suffix Indlcates RoHS complianca.
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Lowest Component Count, Energy Efficient

Cost Effective Linear/Cap Dropper Replacement
+ _Lowest cost and component count buck converter solution

— Product-Highlights-- .. —— .-

¢ I‘U"y Infegrated aufe-restart 1or short-cirewil and open

loop fault protection - saves external component costs

v 66 kHz operation with accurate current limit - allows low
cost off-the-shelf’ [ mH inductor for up to 120 mA ouiput
current

+ Tight tolerances and negligible temperature variation

* High breakdown voltage of 700 V provides exeellent

input surge withstand

Frequency jittering dramaticalty reduces EMI (~10 dB) -

minimizes EMI filter cost

+ High thermal shutdown temperatore (+135 °C minimuim}

Much Higher Performance over Discrete Buck and

Passive Solutions

+ Supports buck, buck-boost and flyback topologies

« System level thermal overload, oulput short-circuit and
open control loop protection

¢ Exceltent line and load repulation gven with ty pical
configuration

» High bandwidth provides st turn-on witl no overshoat

* Current limit operation rejects line ripple

* Universal input voltage range (85 VAC 10265 VAC)

+ Built-in cusrent limit and hysteretic thermal protection

+ Higher cfficiency than passive solutions

+ Higher power factor than capaeitor-fed solutions

+ Entircly manufacturable in $MD

3 EcoSmart® - Extremely Energy Efficient
+ Consumes typically only 5080 mW in self-powered buck

o n
F 3 -
FB e
r 1 ° Y

b Dlds
Wide Range  LinkSwilch-YN

L
Al
[=]

HV BC Input
o +

o128 +0

P1-3492-111803

Figwre 1. Typical Buck Converter Application (See Application
Examples Section for Other Circuit Configurations),

85-265 VAC
com

170 mA
280 mA
360 mA

230 VAC +156%

PRODUCT®

MDCM® MDCM:?

120 mA
175 mA
225 mA

cocM

170 mA
280 mA
J60 mA

LNK304P or G
LNK305P or G
LNK306P or G

120 mA
176 mA
225 mA

Tablz 1. Noles: 1. Typical outpl curreitlin 4 norisolated buck converter
Output power capability depends on respective oufput voliage, Soe Key
Applications Considerations Section for complete description of
assumptions, including fully discontinuous conduction made {DCM)
operation. 2. Maostly discontinuots conduction mode. 3. Continuous
conduction mode. 4. Packages; P DIP-8B, (i: $MD-8B, Pleasg sce
ordering information,

topolopy of 115/230 YAC input with no load (opto foedback)
¢ Consumes typieally only 712 mW in flyback iopology

with external bias at 115/230 VAC input with no load
+ Mects Blug Angel, Enerpy Star, and EU requirements

Applicatrons
+ Appliances and timers
* LED drivers and mdustrial controls

Description

LinkSwiteh-1N isspecifically designed to replace all linear and
capacitor-fed (cap dropper) non-isolated power suppliesin the
under 360 mA output current range at equal systent cost while
ofiering much higher performance and energy cfficiency.

LinkSwitch-1 devices integrate a 700 V power MOSFET,
oscillator, simple On/Q Y eontrol scheme, ahigh voltage switched
curreni source, t‘rcqumcy iitlcring, cycle-by-eyclecurrentlimit
~ and thermal shutdown circuitry anto a monolithie IC. The start-

_ upandaperating power are derived directly from the voltageon

the-DRAINpim eliminating the need-for a bias supply amd
associated circuitry in buek or flyback catwerters. The fully
integrated auto-restart circuit safely limits outpur power during
fault conditions such as short-circuit or open loop, reducing
componchtcountand sysiem-level load protection cost, A tocal
supply provided by the IC allows use of a non-safely graded
optocoupler acting asalevel shitter to further enhance line and
loadregulationperformanee inbuck and huck-boost converiers,
if required.
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BYPASS DRAIN
@ REGULATOR o
© l ' S8V —°
1 LTLY | BRESENT
L4
AUTO &
RESTART —‘I 30— BYPASS PIN
COUNTER UNDERVOLTAGE
CLOCK |= = sV
RESET| ] |8V e o — _ —
I oo - - CURRENT LIMIT
Ksav COMPARATOR
]
. _ovluu:r
gl 5. L
B | U U1 I,._
THERMAL —
SHUTDOWN
OSCILLATOR
FEEDBACK :
1,63V V.
FB| y ™
(F8) 0 —D—-s Q
' R @
LEADING
——l EDGE |
BLANKING
—o
SOURCE
(8)
P1.2337-112503
Figwe 2. Functional Black Diagram,
Pin Functional Description
DRAIN () Pin; P Package (DIP-8B)
Power MOSFET drain conrection. Provides internal operating G Package (SMD-8B)
eurrent for both start-up and steady-state operation.
0y BYPASS (BP) Pin:
Connection poit for al.1 u¥ external bypass capaciter for the
internaily genernted 5.8 V supply,
FEEDBACK (KB) Pin:
During normal operation, switching of the power MOSFET is i
— conlrolled by-Lhis pin- MOSFET switching is terminated when™ | o - . -
T TT T T@enrent greater Uian 49 A is delivered info (his pin
PLMO-5 11502

SOURCE (8) Pin:
Thispinisthe power MOSFET source conneetion. [t is also the
ground reference for the BYPASS and FEEDBACK pins.

Figure 3. Pin Configuration.



LinkSwitch-TN Functional
Description

LivdkShwirch-TNcombinesahighvoltage power MOSFE T switch
withapowersupply controllerinone device. Unlikeconventional
PWM(pulsewidlhnmdulamr)conlmllcrs L:‘um‘wirch TNuses

N OsciTfator, 166
(sense and laglc}mrcuﬂ 5.8 V regulator, BYPASS pin undcr-
voltage circuit, over-lemperature protection, frequesncy jiltering,
cutrent limit circuit, leading edge blanking and a 700 V power
MOSFET. The Lmk.S\mch_ _h\’m ﬂpormcsaddmonal clrcuﬂr)'

- for auto-restare, - —

Osclllator
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pin thraugh an external resistor, This facilitates powering of
LinkSiwiren-TN externally through a bias winding to deerease
the no-foad eonsumption to about 50 miY.

BYPASS Pin Under-Voltage
‘The BYPASS pin under-voltage circuitry disables the power
TMOSFET whenthe BYP:\SS pin voliage dmpﬁ bclmv4 8s V .

back to 5.8 V to u.nablc (turr-on) the power MO‘H" ET.

Over-Temperature Protection
‘Thethermal shutdovyn eireuitry senses(he dietemperature. The

threshold is set af 142 °C typical-with a 75 °C hystcresis. When
the dic temperature rises above this threshold (142 °C) the
power MOSFET is disabled and remains disabled until the die

— thetypical vscitator frequency is inermally serro anaverage temperature faHs by 75-°€ratwhichpointitis reremabled:

of 66 kHz Two signals are penerated from the oscillator the

maximum dugy cyele signal (DC, ) and the clock signal that
indicates the beginiing of cach cycle.

The LinkSwitch-TN oscillator incorporates cireuitry (hat
introduces a small amount of frequency jitter, typically 4 kHz
peak-to-peak, to minimize EAI[ emission, The modulation rate

Current Limil
‘Theeurrentlimiteircuitsenses the current inthe power MOSFET.
When this current exceeds the internal threshold {r) the
power MOSFET is turued off for the remainder of that cyele.
The leading edge blanking circuit inhibits the carrent limit
comparator for a short time {1 ;) atter the power MOSFET s

BYPASS pinat 6.3V when current is provided ta the BYPASS

Figize 4. Frequency Jitier:

"y of the frequency jitter is sct to 1 kHz to optimize EMI reduction turned on, This leading edge blanking time has been set so that
for both average and quasi-peak emissions. The frequency jitier current spikes cf‘““d by capacitance and m}“ﬂ“ feverse
should be measured with the oseilloscope triggered at (he recovery Lime will nol cause premature terntination of the
lalling edge of the DRAIN waveform. The waveform in switching pulse.

Figure 4 iltustrates the frequency jitter of the ZinmkSwirel-TA.
Aufe-Restart
Feedback Inpuf Clrcuit Inthe eveniof a fault condition such as output overload, output
‘Ihe feedback input circuil at the F8 pin consists of g low  shof, or an open ],(}0]’) condition, LinkSyiteh-TN enters inio
impedance source follower oulput st ai 1,65 V. When the auto-festart. operation. An mtcrna_l counter clocke.d by the
current delivered into (bis pin exceeds 49 uA, alowlogicleve]  0scillator gets reset every time the FB pin is pulled high. [fthe
(disable) is generated at the output of (he feedback circuit. This FB pin is Mol pulled !1|gh for 50 ms, the power MOSFET
output is sampled at the beginning of each cycle on therising ~ SWitchiug is disabled for 800 ms, The auto-resiart alter nately
edge ofthe clock sipnal, 10 high, the power MOSFET is wrned enables and dl.S[?blL‘..S the switehing of the power MOSFET until
on for that cyele (enabled), otherwise the power MOSFET  the fault condition is remaved.
remains off (disabled). Since the sanpling is done only at the 800 .,
beginning of each cycle, subsequent changes in the FB pin g
voltageor currentduring the remainder of the cycleare ignored. 500 v 2
DRAIN g
5.8 V Regutator and 6.3 ¥ Shunt Yollage Clanp 400 =
_ ‘The 5.8 V rogultator charges the bypass capacitor connected to
) the BYPASS pinto 5.8 V by drawing a current from the voltage 300
e ——-—on - Ahe-DRAIN-whenever-the- MOSFET is oft—Fhe BYPASS 200 *I* Y, |
pin is the internal supply voltage node for the LinkSiitch-T, ¥
When the MOSFET is on, the LinkSiriteh-TN runs ofY of the 100
energy stored in the bypass eapacitor. Extremely low power
_ — . — consumptionof theinternal circuitry allowsthe LinkSwiteh-1N — 0 | ™
—— . ~—— —tooperaterontinuously from thecurrentdrawn from the DRAIN S 8 kHz 7“::
pin, A bypass capacitor value of 0.1 pF is sufficient for both - o Kz i
high frequency decoupling and energy storage. | l [ I | |
20
In addition, there is a 6.3 V shunt regulater clamping the Time (us)
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D2
&gzw 1N4805GP
€17Y, — |- -

- - - T 7D3 120ma

SERE ST £ tinkSwitchTh PTTiery L o

VAC TalaF m4fap LNKI4 D1 E R

1N[364rj? TdDOV 400V UF4005 tay g
$ . + ORTH

e = == — -Flgme 5 Unuerml !npm‘ 12y leA (’amm‘m Tolage Power Supply. Uﬂ,,?l_mml HEIETA '—__' '_-'—'

T —— P3ann11z103

— Applications-Example————

Regulationis maintained by skippingswitchingeyeles—Asthe

L A L4 W Universalinpni-Buele Con

The ciruit shown in Figure 5 is a typieal implementation of a
12V, 120 mA non-isolated power supply vsed in appliance
control such asriee cookers, dishwashers or ofher white ponds.
‘This eircuit may atso be applicable ta other applications such as
night-lights, LED drivers, electricity meters, and residential
heating conteollers, where a non-isolated supply is secepiable.

The input stage comprises fusible resisiar Rt diodes [3 and
D4, capacitors C4 and C5, and induetor L2, Resistor RE 1 is a
flame proof, fusible, wire wound resistor. 1t accomplishes
several functions: &) Inrush current limitation to safe levels for
rectificrs D3 and D4; b) Differential mode noise attenuation; ¢)
Input fuse shoutd any ather component fail shott-circuit
(component Fails safely open-circuit without emitting smoke,
fire or incandescent material).

The power processing stage is formed by the LinkS\iitch-T,
freewheelingdiode D, outputchoke L1, andthe outputeapacitor
C2 The LNK3(M was selected such that the power supply
operates in the mostly discontinvous-mode (MDCM). Diode
D1 is an ultea-fast diode vwilh a reverse recovery time (t A of
approximately 75 ns, acceptable for MDCM operation. For
continuous conduction mode (CCM) designs, a diode with al,
of <35 ns s recommended, Inductor L1 is a siandard off-ihe-
shelf inductor with appropriate RMS current rating (and
) acceptable temperature rise). Capacitor C2 is the output filser
capacitor, its primary function is (o limit the outpu v
ripple. The output voltage rippte is a stronger function of the
ESRoftheoutput capacitor thanthe valueof the capacitor itself.

To a first order, the forward voltage drops of [l and D2 are

— ——— —-identical-Therefore,-the-voltage-across-C3-tracks-the output

Uutpm valtage tises, the current into the FB pinwitl rise. 1Fhis

rp HIED SUDSCQUEnt cycles will be skipped uniil the
curmm reduces below ! Thus, as the output load is reduced,
more cycles will be sk1ppcd and if the load increases, fewer
cyclesare skipped. "o provide overload protection if nocyeles
are skipped during a 50 ms period, LinkSwitch-TAN will enter
auto-restart, Ilmllmglhea\'erage output power to approximately
6% of the maximum overload power. Due to tracking errors
between the output voltage and the voliage across C3 al light
load or noload, asmall pre-load may be required (R4). For the
designin Figure 5, ifregulationtozero load isrequired, then this
value shoutd be reduced to 2.4 ke,

Key Application Considerations
LinkSwitch-TN Dosign Considerations

Output Current Table

[ata sheet maxinum oulput eurrent table (Table 1) represents
the maximum practical continuous output current for both
moslly discontinuous conduction mode (MDCM) and
continuous conduetion mode (CCM) of aperation that can be
delivered from agiven LinkSiire/i-7¥ device underthe following
assumed conditions;

1) Buck converter topology.
2) The mininum DC input voliage is=70 V. The vatue of input
capacitance should be large enough to meet this criterion.

2£ p ()4
4) Output voltage of 12 YDC,

5) Efficiency of 75%.

6) A cateh/fregwheeling diode with L, 73 ns is used for
- MDCM operation and for-CCM operation;-a diede with—

=35 nsisused—

valiage. ThevolfagedevelapedacrossC3 is sensedandregulated
via the resistor divider R1 and R3 conneeted to UT’s FB pin
The values of R and R3 are selccted such that, ot the desired
puput voltage, the voltage at (he FB pinis 165 V.

7) The part is hoard mounted with SOURCE pins soldered 1o a
sutficientarcaof coppertokeepthe SOURCE pintemperature
at or below 100 °C,

KRP is the ratio of ripple to peak inductor current.
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=
LinkSwHch-TN
Optinéze halched coppar areas { PlATES 112100
Figure 6 Revommended Primted Cromt Layonr for LSt T Brok Comverter (onfigrrmion.
LinkSwitch-TN Selactton and Selection Between For CCM an ulfra-fast diode with reverse recovery time
MDCM and CCM Operation t, =35 ns should be used. A slower diode may cause excessive
leading cdge current spikes, terminating the switching eyele
Select the LinkSwiic/-TN device, freewheel ing diodeand output prematurcly and preventing full power delivery.
By induetor that givesthe fowest overall cost, Ln general, MDCM
J providesthelowesl cost and highest efficicney converter. CCM Fast and slew diodes should never be used as the large reverse
designs require a larger inductor and ultra-fast (1, <35 ng) recovery currents can canse excessive power dissipation in the
freewheeling diede in ali cases. It is lover cost to use a larger diode and/or exceed the maximum drain current specification
LinkSwitch-TN in MDCM than a smaller LinkSivirch-1N in of LinkSwiteh-TN.
CCh because of the additional external component costs of a
CCM desipn, However, ifthe highest output current isrequired, Feedback Dinde 2
CCM should be employed following the guidelines below Diode 12 can be a low-cost slow diede such as the IN40DX
series, however it should be specified as a plass passivated type
Topology Options (o guarantee a specified reverse recovery time, To a first order,
the forward drops of D1 and D2 should match
LinkSwiteh-TN ean be used inall common topologies, with or
withoutanopto-couplerandreference to improve ouput voltage Inductor L1
tolerance and regulation. Table 2 provide a summary of these  Choose any standard of-the-shelf inductor that meets the
configurations. For more infarmation see the Application  designrequirements A “drum”or “dog bone™ “1” core induetor
Note = LinkSwitch-1 Design Guide. is recommended with a single ferrite element due to to its low
cost and very low audible noise properties, ‘The typical
Component Selection induetance value and RMS cusrent rating can be obtained from
ihe LinkSwiteh-IN design spreadsheet available within the
. Referring to Figwe 5, the following considerations may be P Expert design suite from Power [ntegrations. Choose L1
¢ helpful in selecting components for a LinkSieirch-TH design. greater than or equal to the typical calculated inductance with
— RMS current-rating greater-than-or-cqualo-caleulated-RMS
Ereewheeling Diode D1 induetor eurrent.

Diode D} should be an ultra-fast type. For MDCM, reverse
recovery time t_ <75 ns should be used at a temperature of  Capacitor (2

70°Cor below. Slowe diodesare Rotacceptable, as continivous ~~Thejrimary fuietion of capaitor C2 isto stath the inductor

mode operation wilFalways oceur during startup; causing high——eurrentThe actual-output ripple voltage-is a function of this
|eading cdge current spikes, terminating the switching cycle  eapacitor's ESR, To a first order, the ESR of this capacitor
prematurely,andpreventingtheoulput fram reaching regulation,  should not exceed the rated ripple voltage divided by thety pical
[f the ambient temperature is above 70 °C then a diode with  cureent {imit of the chosen LinkSivitch-TN,

t, 235 ns should be uscd.
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High-Side 1) Outpul referenced to input
Buck - 2) Pasitive oulput (V) with respect lo -V,
— — | Diregt__ | _. 1-3) Slep down -V <V _
Feedhack 4) | ow cost direct fesdback (+10% typ.)
‘High-3ide = [~ Ef T T ) 1) "Output referenced toinpul T
Buck - 13_;1 2) Posilive output (V) with respectto -V,
——————|-Optocoupler—|==F—}—F reve - o—I-3)—Stepdown="Y_<V_
Feedback ' —— Az < ¥ 4) Optocoupler feegibgck
Ve L 713 v - Accuracy only fimited by reference cholce
T - Low cosl nen-saiety rated opto
5 5 - No pre-load required
g |9 Minimum no-load consumption
Y Low-Side | 7 ==
Buck ~
OplDGDUpler LinkSwlich-TN
Feedback 1) Oulput referanced to input
2) Negative outpul (V) with respect 1o +V,
3) Stepdown -V <V
4) Optocoupler feedback
-Accuracy only limited by reference choice
Low-Side - Low cosl non-safety raled opto
Buck - - No pre-load required
Constant - Ideal for driving LEDs
Current LED
Driver
High-Side
Buck Boost —~
Direct
Feedback 1) Output referenced to Input
. v 2) Negallve oulput (V) with respect {o -V,
R - + | 3) Step up/down -V, >V, or V, < V,,
o o ¢ mares raseas — |- _Low cost direct feedback (+10% typ.)
- 8) Fail-safe — output is nol subjected to Input
High-Side W voltage if the internal MOSFET fails
Buck Boost — $ax =Ry ) Ideal for driving LEDs - better accuracy and
Constant D_F@“ il TR temperature stabilily than Low-side Buck
- = — | CunentLED | * “rrmeioan '*I{L',"_] 7“‘_]_ YA YA| —constantcurrent LEDdriver ~ —
T I Crlver Ya TYwE s AR T T
_ [ [
Cr
PRI 2R

Table 2. Common Circuit Configurations Using LinkSwiteh TN,
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| Oplacoupler

Low-Side
Buck Boost -
__UnkSwitch-TN |

!

1) Output referenced to input
2) Positive output (V) with respect to +V
3) Slepup/down -V, >V orV <V

Ty Yo Ny |

Feedback Vi — 3 I 1 Va | 4) Oplocoupler feedback
BT 3 - Accuracy only limited by reference choice
- Lol + - Low cosl non-safely rated opto
oD M - No pre-load required

5) Fail-safe - oulput is nol subjected to inpul
" woltage ittheinfernal MOSFET fails ™ — .
8) Minimum no-load consumption

Table 2 Teon). Common Crretai U onfignranons Ushg LInkSWhTi-TN.

\

T “pulsebunching™ and increased outjut tipple at zero load

. _ Inthe buck ar buck-baost canverter_conliguration, since.the_ . ishelow the datasheet peak drain specificationunderworst=——

Feedback Resistors R1 and R3

The values ef'the resistors in theresistor divider formed by R1
and R3 are selected to maintain 1.65 ¥ at the FB pin. 1t is
recommanded that R3 be chosen as a standard 1% resistor of
2 k. This ensurcs good noise mmunity by biasing the
feedback network with a current of approximately 0.8 mA.

Feedback Capacitor (23

Capacitar C3 can be a low cost general purpose capacilor. [t
provides a “sample and hold” function, charging to the outpud
vollage during the of T time of LinkSwitch-TA 115 value should
be 10 uF to 22 nF; smaller values cause poorer regulation a
light load conditicns.

Pre-load Resislor U4

Inhigh-side, direct feedback designs where the minimum foad
is <3 mA, & pre-load resistor is required to maintain output
regulation, This ensures sufficient inductor energy to pull the
inductor side of' the feedback eapacilor C3 to inpul refuin via
D2 "the valee of R4 should be selected o give 4 minimum
output foad of 3mA.

[n designs with an optocoupler the Zener or reference bias
current provides a | mA to 2 mA minimum load, preventing

The leop formed between the LinkSwiteh-TN, inductor (L1),
treewheeling diode (D1), and output capacitor (C2) should be
kept as small as possible The BYPASS pin capacitor C)
(Figure &) should be located physically close to the
SOURCE (S) and BYPASS (BP) pins. To minimize direct
coupling fram swilching nodes, the LinkSwiteh-TN should be
placed away from AC input lines, [t may be advantageous to
place capacitors C4 and C5 in-between LinkSwiteh-TN and the
AC input. The second rectifier diode 14 isoptional, but may be
included for better EMI performance and higher line surge
withstand capabitily.

Quick Design Checklist

Aswith any power supply design, all LinkSwirch-T¥ destgns
should be veritied for proper functionality on the bench. The
fol fowing minimun tests arc recommended:

1) Adequate DC rail voltage - check (hat the minimum DC
input voltage docs not Fall below 70 VIXC at maximunt load,
minimum input vollage.

2) Correct Diode Seleciion - UF400x series diodes are
recommended only for designs that operatein MDCM atan
ambienl of 70 °C or below. For designs operating in

LinkSwitch-TN Layouf Conslderations

continuouscanduction mode{CCM jand/orhigheramibients,
then a diode with a reverse recovery time of 35 ns or betier,
such as the BYV26C, is recommended.

3) Muximum drain current - verify that the peak drain current

SOURCE pins in LinkSWwirc/-T. arc switching nodes, the
copper arca connected to SOURCE should be minimized to
minimize EMI within the therimal constraints of the design.

[nthe boost configuration, since the SOURCE pins are tied to
DC return, the copper area connceted to SOURCE can be
maximized to improve heatsinking.

Cas¢ condinons ot hughestline voltage, maximum overload
(just prior to auto-restar() and highest ambicent temperature.
4) Thermal eheck - ai maximumoutput power, minimum input
voltage and maximum ambient temperature, verify that the
LinkSiviteh-TN SOURCE pin temperature is 100 °C or
Below. Thisfigure ensures adequate margin ductovariations

iR ox, ffOM partto part. A battery powered thermocouple



meter is recommended to make measurements when the
SOURCE pins are a switching node. Alternatively, the
ambient temperature may be raised to indicate margin to
thermal shutdown.
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Ina LinkSwireh-TN designusing a buck or buck boost converter
topology, the SOURCE pin is a switching node. Oscilloscope
measurements should therefore be made with probe grounded
toaDC voltage, such as primary return or DC input rail, and not
tathe SOURCE pins. The power supply input must always be
_supplied from an isolated source (c.g. via an isolation

transformer).

DRAIN Veltage ......ccoore...

e 03 V0 TOQ Y

Notes;

Peak DRAIN Current (LNK304) ....... 400 mA {750 mAy?
Penk DRAIN Current (LNK3035) ... 800 mA (1500 mA )"
Peak DRAIN Current (LNK306) ... 1400 mA (2600 mA)®

FEEDBACK Voltage oo = 03V 109 Y
FEEDBACK Current oo ccrvinn 00 MA
BYPASS Voltage oo, <03 V00 O
Storage Temperature ... -65°Cla 130 °C
Operating Junction Temperature®™ .. -40°Cto 150 °C
Lead Temperature™ ... ... .. ......260°C

1. All voltages referenced to SOURCE, T, =25 °C,

2. The higher peak DRAIN current is allowed if the DRAIN to
SOURCE voltage does not exceed 400 V.

3. Nommally limiled by internal circuitry.

4. 1/16" from case for $ seconds.

5. Maximum ratings specified may be applied, one at a time,
withoul causing permanent damage to the producl. Exposure
to Absolute Maximum Rating conditions for extended
periods of time may affeet produst relinbility.,

Thermal lapedance: P/G Package:
{8,,) ....... 70 “C/W 60 °Crad

ancs:
1. Meastred on pin 2 (SOURCE) close w plastic interface.

(0N 1TPC/W 2. Soldered 0036 5. inch (232 mnv), 20z (610 g/m?)copper clad.
3 Soldered to | 5q. inch (645 mm?), 20z (610 gft*) capper clad,
Conditions
SOURCE=0V; T,=-40t0 125°C [ )
Parameter  |Symbol See Figure 7 Min | Typ | Max | Units
{Unless Otherwise Specified)
Output _ ; Average 62 g6 70
T,=225°C
| Frequency o ’ _ Peak-Peak Jitter | | 4 kHz
Maximum
Duty Cycle DG, 32 Open 66 69 72 %
— |EEEDBACKPIR —{ - — - . || - L 1 - | -
_Tumoff_ThreShold JE N - PR J .TJ =-25 PG__... J _.._30 | --49--1-—68-—] - -!J.A_ [
Current
FEEDBACK Pin _
Voltage Vi, I, = 49 uA 154 | 165 | 176 v
V=2V
lgy (MOSFET Not Switching) 160 220 A
Supply Current FEEDBACK Open | LNK304 200 | 260
Iy | (MOSFET Switching) | LNK305 220 | 280 nA
see Notes A, B LNK306 250 | 310
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Parameter

Conditions

SOURCE=0V, T,=-4010125°C

See Figure 7

Min

(Unless Otherwise Specified)

Typ

Max

Units

V=0V LNK304 | 55 | -33 | -1.8
Tem T,=225° LNK305 | -7.5 | 46 | -25
BYPASS Pin See Note © LNKJOB | 7.5 | -4.6 | -25 "
B —fCharge-Current——{. . — .~ Vmav- | oNs0d TS T3 0 | -
leie T,=25°C LWNK305 45 | -33 1.5
See Nale C LNK306—|—=45 s -
BYPASS Pin
Voltage Ver 555 | 58 B.10 v
\%\&f;ggsHsé?eresis Ve 08 | 095 [ 1.2 v
) gl\‘,’;&f (S:uF:lr';nt lepsc See Note D 68 A

Hysteresis

difdt = 65 mA/qs AW }o¥ 97
T,=25°C : 6
diidt = 415 mA/ o\
= us
T,=26°C 271 | 308 | 45
difdt = 75 mAY
| b ol 350 | a75 | 401
LT =
Current Limit (See ! pr— LNK305 A
Nota E) N ns
T.225°C 396 | 450 | 504
/dt = 95 mAus
T,=25° 450 | 482 | 515
LNK308
dldt = 610 mA/us 7
T,=25°C 578 | 647
LNK304 | 280 | 360 | 475
Minimum On Time | e LNK305 | 360 | 460 | 610 | ns
LNK308 | 400 | 500 | 875
Leading Edge { T,=25°C
Blanking Time - —| ~® | — — geaNoeF — - | 10| 218 |- s _
Thermal Shutdown | 7 )
Temperature = 135 142 | 150 ¢
Thermal Shutdown
t Tsun See Note G 75 °C
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' Condlitions
Parameter Symbol | SOURCE=0V;T,=-40t6125°C | Min | Typ | Max | Units
See Figure 7
(Unless Otherwise Specified)
LNK304 T,225°C 24 27.6
= 25 mA T,=100°C 38 | 442
On-State R LNK305 T,=28°C 12 ] 138 o
- “| Resistance —  -——| Tosow - — =35FmA" — | T =100°C . 19 211 T
LNK306 T,=25°C 7 8.1
— I=45-mA —T=100°C 11 1279
OFF-State Drain | V..=82V,V_ =2V, | LNK304 50
o~ oss V=860V LNK305 70 A
Leakage Current oS ' ¥
d 1,=126°C LNK306 90
Breakdown V=262V, V., 22V
Voltage BVess - T,=25 E;"" 700 v
K Rise Time t, _ 50 ns
Measured in a Typical Buck
Converter Application
Fall Time L 50 ns
DRAIN Supply
Voltage St v
DRAIN Supply
Voltage 5 v
Output Enable A See Figure 9 10 us
Delay
Qutput Disahle {
R 1§
Setup Time { g ‘
Auto-Restart 1,525°C
ON-Time e See Nole H 50 ms
y Auto-Restart o %
N Duty Cycle DCy 6 -




NOTES:

A. Total current consumption is the sum of I, and |
and the sum of 1, and |

60

nss When FEEDBACK pin vollage is =2 V (MOSFET nol switching)
when FEEDBACK pin is shoried to SOURCE (MOSFET swilching).

B Since the output MOSFET is swilching, it is difficull o isolate the smtchlng current from the supply currenl at lhe

CRAIN. Anraflernalive is fo measure the BYPASS pincurrent at 6 V.

C. See Typical Performance Characteristics section Figure 14 for BYPASS pin start-up charging waveform.

D. This current is only intended lo supply an oplional oplocoupler connected between lhe BYPASS and FEEDBACK

- -pins and-not any other external cireuliry— - -— -

E. For curent fimit at other difdt values, refer to Figure 13.

F. This parameter is guaranteed by design.

G. This parameler s derived from characierization.

H. Auto-restart onlime has the same temperalure characlerislics as the oscillafor (inversely proportional to

frequency).

5w 2 i
0"-_-"\NV——'-'C,| D FB8
I §1 af 5z
el - (ERY
r—c\‘l s ] I:j 1l
A-3490-111803
Figwe 7. LinkSwitc/i- T Gieneral Tesi Cliowit,
DCpax |
-+ ta L {Internal signal}
l— ] — —ip - )
HY g5} ' i
F8
-DRAIN - - — —_— Va0 - —
I —— “te
VOLTAGE —VpRAN <+—IlEN—»
10%
QY -romrr T T T T e v s s vttt v | = w1=
Pl
FI2048-00391 PI-3707-71250
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3 Typical Performance Characteristics
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Typical Performance Characteristics (cont.)

1000 _ ;
- o - S — 0 _
=3
§ 100 Sealing Faclors: =
8 = LNKIB4 1.0
P! LNK3ZS 20
- S T I
—_ —_ —_ - 0 [ — - .. . -
£ 10 }\ _____
E =
. %
1 \\‘
0 100 200 300 400 500 600

Drain Voltage (V)
Figure 16, C, . vs. Drain Toliage.

LinkSwiteh Product Famlly

TN Serles Number

Package |dentifier

N N |

LNK 304 G - TL

G Plastic Surface Mount DIP
P Piastic DIP

Package/Lead Optlons

Blank | Standard Configuralions
TL

_Tape & Reel, 1 k pcs minimum, G Package only




63

Noles:

E 1. Package dimenslons conform lo JEDEC specificalion
1 MS-001-AB (tssue B 7/85) {or standard dual-In-tine (DIP)
package with .300 inch row spacing.

2 Conlrolling dimensions are Inches. Milllmeter sizes are
sh

3 Dimensions shown do nol include mold flash or other
profrusiens. Mold flash or protrusions shall not exceed
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wise lo Pin 8 when viewed from Lhe top, The notch and/or
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Pin 8 when viewed from the
top. Pln 6 13 omlliod.
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