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5.6 JLAIRHE (52)

AR BAE 3, T V=12V B T,=25°C.
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=" 100 $ o8 t
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5.6 JLAIRHE (52)

AR BAE 3, T V=12V B T,=25°C.
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Bo N T PRI SRR A BIF S | 1IC A ERHITHFS LB 2 BT 1k PWM LR 76 Bl A7 2% v B I IS T) Py =LA B4
o BLFFEEIRIZ)0 325ns , PRV BRIAIRG , JFAE “HUURFVE” B0 8 s N iR A A I 8] o AEAR R S BB e 3K
FAETN , HAME MOSFET S, 727 B a] bf Y 4 it s oy th o S O RE 2 K TR B4 B RE . LM3478Q-
Q1 P EE I L AR By LA AR IR e S A R T I R UGS A S0t (FB S ) B R IfEAE RS B2 AR
B BUFSIREFEACIRE , B2 AR bR e .

Blank-Out prevents false

. reset
[ PWM Comparator resets

[ the RS latch

e ﬁ\l\—\\

! _t
|
[ I PWM
/ ! Comparator
|
|
Oscillator Sets .
the RS Latch _>: Ih_
325 ns Blank-Out time
B 6-1. PWM HLERAR A IZAT
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1=}
6.2 ThRETTHER]
FA/SD VIN
Fixed Frequency . Under Voltage
D Detect Oscillator Lockout D
internal slope
compensation
LDO
1.26V Reference |
COMP -
i 7.2V
3 +
internal Vcc
.,.
Gm
Error
Amplifier PWM
DR
FB s Q DRIVER
0 N . L
ogic
Isen Vib+Vovp / ovp R
> «—
325mv Short Circuit EJ
‘D Comparator
THERMAL
slope compensation LIMIT
ramp adjust current (165°C)
AGND source PGND
Copyright © 2017, Texas Instruments Incorporated
6.3 HpM: i
6.3.1 /LRy

LM3478Q-Q1 EA &t H S L JE 447 (OVP). OVP 7E GG ( 51 3 ) ACAGIN o 4 B AT AT it ik e it 511 JAD
R BT Veg + Vovp , fi2sfili’k OVP. % Veg Ml Vovp MIIRAE |, 15214 77 5.5.

OVP ¥4 FEIKS) 5| AR AR |, TS5 H] 2% MOSFET X, 7E MOSFET KI5 | frth oK N R 4t
EEHEZ@S@J VFB + (VOVP - VOVP(HYS)) Hﬂ' s LM3478Q-Q1 "l%‘ﬁﬁ\ﬂ:ﬁﬁﬂ:?%o ﬁ?% VOVP(HYS) E‘JKE{E ) 1%72%%_‘] 77F5-5o

W AERR IR S N BRI 7.2V JF Hofar H B OR an B 6-2 Fh s i s BiE |, 52 OVP. LM3478Q-Q1 I
i Bk B 5 HEE TR NS LDO |, B BRI SR A Vin 51 LR HE. 24 Vin KT 7.2V B, JE IC
WE R Vin B ; HEST 7.2V i, LM3478Q-Q1 I LDO & ftmE . 7 7.2V Ul EAL , LM3478Q-
Q1 KT WA B B B LR AR R AN . 6] R 2 i TR B A R A48 L, Rk PWM i 2%
SRR R . 0T PWM LLESS T 5, X PG5 73 IR B BRAS AR [R] , i DA HS FE R o) 87 5 76 By B 6 38048
AR R B R AR ] o DRI, B AC e RS b ET DU 2 OVP. LM3478Q-Q1 K 7EIR ik 2 T Fr 88 A A
WEATRRE |, TR VR IR B AR FRER A A R, BRI S a B R BF Bk Vin AN 7.2V RME. EEE ,
AR IR A N B TR .

BT R R, XX A RN A —E MR . JEERIn— N5 Viy BRI ERREES |, AT LUK 7.2V BB o T
IR, W3 Vi MIiF2 7.2V BME , BT Viy DAERMISOE |, nTaEa kB ZRE. 8T R R
AN Y E R B, AT DU RC JEIR B X Vi 5 BIEEAT R
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VIN (V)

- \/

VFB (V)

A

OvP
(1.31V)

1.26V

-t

B 6-2. InRMA R LT 7.2V A mERE , kFEBESHIRS

6.3.2 RLF A LRI
LM3478Q-Q1 S H1 i85 7% o PR 3 0 1 34 2 T [0 4 )30 0 97 ) T B 0 4 4
BRREYE. T H NS BN, DR P PR S T LR FA R T %R . AT, M KT 50% I
AR LA L (AR e | T 6-3 Bk

ORI N2 SEOT R TIN Alg. BABASILIEIAA Al

IR 4% S0 U T R 7 PR BB 0 23 b B IO | T2 e MOSFET BRENS . A1 S, ik b AT
R B RIEY Voo RN Sn Al Sy i1 R bR Ko 31 f i B3 1 R Visene

PWM Comparator

Ve Waveforms

Voltage
<
)
m
z

.
»

&l 6-3. D>0.5 i FI IR BAR 35 A0 P RIRE S RV B HR 0 RO AMEE AR
DB PR G T LR 5 B A — AN LT 8. BRI S BEA AR, WZoR RS R IR R SR E A
PSS, REEREE. R SR RT 50% , WIAEA R I AR Peah #AS s iesom & A i, I 20k
WPARG -
IR, ANIE] 912 [0 HUBCAS LR 22 B /2 Sy St A1 S HIBREL , W17 FE 0 1 PR,

S-S,
S, + 5,0 "

Al =

I, BRECR (St - Se)l(Sn + So) KT 1, HUBA I £ R HOF P YO MART o M T AT I B 41 %
B, LM3478Q-Q1 AASEH M HRHAME Ve, , BOH 12 2 KT 50% MR E 220 | AT LUBE Sk
IR

S FFHERI | #1% Sev Sy Al Sy ATLUBIE R 2. JrFEst 3 AR 4 5
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Se= Vg X fg (2)

S= Rsenx (Vout- ViN)IL 3)

Sn= VinX Reen/L (4)

2 Se WK, WhE 2 2 A AEVGEBIRG K RECR RN . 2 KT 50% H AR/, iZ R/ B2,

RN T HFAAE R RENE | 7] LU TE Iseny BIERAR IR — NI BHAS Ry SRIGINRI A ME . 18] 6-4 JE7R 7 XL
BE. BE , MR RRIRAMZRINE] LM3478Q-Q1 K3 # R Mz R . A H AN # R AMERS | Sg 1A AR
N

Se= (VaL* (K x Rgp)) X fy (5)
FHK AU 40pA.
ZRBBETF SRR . K 6-5 Al THE & MNMAKRB K, I 6 itHERH K.

K= AVg/RgL (6)
AT R I VOEE IR, — MR RS2 RSN TR RO R AR o BRSO PR DR A

R A R BRI . B AR KRR AMERS |, iZ AR A AR TR AR AR, AR R AR SRR
PR 5 8 1A TG T A P JER RS L AT B AL

|_| 250 I
DR | Q f, = 100kHz
LM3478- 200 7
f, = 500 kHz74/
Q1 < 150 %/
ISEN E
_1 f, = 1MHz
= 100 / :
< /
RseN 50
RsL
T 0
0 1k 2k 3k 4k 5k
Rg (@)
Copyright © 2017, Texas Instruments Incorporated & 6-5. SRt AML N 5 Rs_ 2L &

&l 6-4. TANSM IR AR AME

6.3.3 S5 75/ K7

LM3478Q-Q1 AT A2 vl i ik 5/ 7150 FEL BH 2% TR B2 /T 100kHz 3] 1MHz 2 (Al AT RAE . 1% B BH A JE AT
FA/SD 5| jiiFnFe 2 (8], anld 6-6 A~ . ZEbf e B s AR EOR W B BHAY. |, 1630 77 6.6 sifdi ] JiFEx0 7 ¢

Rea = 4.503 x 101 x fg = 128 ()

Rea

FA/SD
LM3478
-Q1

& 6-6. FRIFH
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FA/SD 5| it o] ARG 51 . Witk FA/SD 511 LS HAFE S (>1.35 V) , LM3478Q-Q1 {5 1k e H -t
RIS, EXEEMET | IC A HBEERSESE 10pA LT . K 6-7 J8/R T MR X T iTh 5k oh
Refse il e MR |, RREEIT 30us B PS5 2 06 IC. (H2 |, FA/SD 5L H KN IGZ/NT 7V
It B AR, DAIBE G %o 25 i AT (T 238

Rra 10 k

FA/SD >1.3V
LM3478
-Q1
MOSFET State
—— On-Normal Operation

OFF - Shutdown

& 6-7. IR TIEA T KRBTz AT

6.3.4 fHEH R

R I FHSE F R ((TE lseny S BN ) BT 343mV B, 40 B B BRI AR 3 T R 205 . LM3478Q-Q1 P
TR LL S 330 FF MR PR 5 £ , IR EE Rl — BRI AVIRES . TEIERIBATH |, A3 1 s A5 fid ke Th &
MOSFET <I7. 7EVHBRMEIFNEEIA , PWM BB 2 A2 0t i S mig &, DASE St X AN A M 1 343mV B I FR 1] B
{8, RY 40T 58 % e ™ T # R T I Es k.

6.4 BThEEER

Zas P E OV ER N B R UVLO B8 i HAE TR Y8 FA/SD 5 AT 4z o PH 4% 5 B R I 5L RIEZAT . R
FA/SD 5| it im , LM3478Q-Q1 ¥t A\ s =,
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7 RIS

ik

PAR SRR 2 R M5 BB T T1 3RS Ya R, T AR ER AR R e B . TI & A 5T e
s TG TR . B BRI R, AR R T RE

7.1 MAER

LM3478Q-Q1 W LI{EES: S IER N (CCM) FIANZELAHER SEHEZL( DCM) TigfT. LML N CCM iZ17 Mm%
11 5 DCM MLL |, IXFhE T E A B a1 RCR A AR EMI REE .

7.2 RN
7.2.1 B FRTIE e 7
Vin=38.3V (x10%)
e
L ’ t100uF,6.3V
LM3478 10 uH p—
Is Q1 Vin N
EN —
Ce 22nF Rea D MBRD340 Vour=5V, 2 A

MP FA/SD —/\/\/\rl ﬂ‘
! I20 k ©0 S 40Kk —— Cour
RC 5 —| |7 af 100uF 10V
YW DR | ::1 IRF7807
60 k =

— AGND PGND
in 1 R S
_ — Con—
0.01 uF 0.025 Q

B 7-1. SA RO R AR R A

THEF A as R F R e Oy s i s . THEAR IR S R ARC B AN 7-2 s . #£ CCM BT (BB, A
SHRERES TMAARBRE ) |, THERIE G/ APIMIREIZAT . £58 M /TIRET , MOSFET Q &l , JFH
RERAFAEAE RGP EMOREST , A D I &, 7R H A & Cour $26E.

(ES = AMRAS T , MOSFET Q 36U , JF HL B IEFUGHEL. 470475 I B 0 R AL S B SUBLATIA th sl 2 . T
e GBI 5 R A0 L 2 e D, ARk 8 -

D =1-(Vin/ Vou) (8)

B4E MOSFET MM ERYERE | 52 bui e (s fEst 9 Fis.

D =1-((Vin - Vo) (Vout * Va)) 9)

Vg /& R IR SR | Vg & MOSFET i i i) s f .
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VIN COUT;: EERLOAD VIN / COUT; EE RLOAD
Vour Vour
Cycle 1 Cycle 2
(a) (b)

A TR
B. & _-ATAEREH

Bl 7-2. LR TR %

7.24.1 WIFER

NTIER BN RS S AR E LT S8 MO EREREL fE R  H E Y LR T R Ok
AR XIS T ESHEE W] T SEBLIE R R ST NI e IS

TR, RIERRA LSRN WA, MR N R BES A ST UVLO B i A s 0k 2R 1) R P IR 3R
AL T 45 LR A PR P s LR SO . WSROI SRR B A iy, e e vl DA F AR /N FURME B AT - BES
FEAELE TR i K B A U L B RSEN Y o e 00 v BHL b7 A 1) o I 55 T L U AL 0 B A L I VSENSE I
B MBI RE] . BAh , PR, APHEs RSL S IMASMORE AN

PAR &40 7 A LM3478Q-Q1 FHH B FH e T+ 223K .

7.2.1.2 IR
7.2.1.2.1 &/ WEBENCH T A& E#idif 75

Adr bl | LM3478Q-Q1 #4431 B WEBENCH® Power Designer £l 5 il % it .

1. B2, MANER Vine Vour M lout E3K.
2. AR IE AR . HIEA ARG BT SO S R R S MG (TI) 1At n] 47 fif ok 7 gk
ITEER
3. WEBENCH Power Designer $i&fit—1 e fill I 3 ] DL f 5 31 SE A b Ao AR A% DL ek 5
4. RZHIEHT |, BEnTLL
s BITHAME , WEHEZEWEIY UL EEEERE ;
o GBATIVEREDT R, T MRFREEIR AR
oK R JR 5 RS 2 A CAD X
o TN KM PDF 45 I 5 L,
5. X WEBENCH T EMH#4ER , &1 www.ti.com/webench.
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7.2.1.2.2 R LB HET

HUR A TH I e ds H M RE O 22— I 7-3 BoR 1 RS FIALAE — NTT R U A AR AL I L o T R A
AR 10 B, ZAXEAR T Lo 1L MV FRR R

di,(t)

V) = L
(10)

AE B I BN, RS HUE | (IR ) A AN (USSR ) o R AlLKRT I, WE
G IR S AE IR — S RN R I H s DL DCM BT AR . AKE 3 b K T 20 i B0 48E 434 A
CCM A TAE. ZAE CCM T AR |, aAZtm i i 5 RE s 11 B2 AR 261

D(1-D)V,,

L >

2l 51

ouT's

(11)

WeFEf/N lour PABASE S /NUBE . H IIEH2H Al BB I 9 30%. N HUERER £ 58 A R i 5
T P RS I TN P 2 AR (B PR . R T AR 12 iR 13 AR 14 THE T R AL P Y LB g
[IEEER T

ILpeak = Average I max) + A limax) (12)
Average || max) = lout / (1-D) (13)
AlL(max)= DxVi,/(2xfsxL) (14)

X Ak BEUEAE TR S A HURER RO o IR LRSS I BUE A IER , 2R AR A BE 3 250 Bl e

LM3478Q-Q1 WJ K& Jy AAR & i MR AT IT 9% o T SRPNR B I, e et m LU T AR/ i e B BB AT
LM3478Q-Q1 Kl BIFLETT R AIVEAR FR , &5 i 22 b v 55 ) P g DA LA I
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I_ave

i i P (s)
D*Ts Ts
(a)
Io (A)
|D7AVG
=lout ave - = - -1 — — -
R
D*Ts Ts
(b)
Isw (A)A
Vi
L
lsw ave p—m — 4— — — I —
1)
D*Ts Ts

()
A 7-3. HLRER A AR IR

7.2.1.2.3 X5 B IR TR

B L P M T DAASE B i AT FB 51 18] A R B T e B AT S . R A B RH AR LA FB 51 B ATy 1.26V,
A DMEFI A 2 30 % Req (finth B S5 RIS (8] R RUBEAS ) A1 Reo ( SBES1 IS ekt 2 [a] A R BELAS )
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Rep = (1.26 V X Req) / (Vout - 1.26 V) (15)

R LA SR 51 B2 51 A 2 193 B2 — > 100pF Hu 2 2R BRI o
7.2.1.2.4 R EHIRIRH

T LAZS GG R o K LI RS I L P, Reny B o 2 RGr I vRL BEL b7 A2 1) o s 28 T LR I BRMELHEL . Visense 1Y
o ML AR R G . X BRI |, TFRAE T — NS/ — ERFF W . Veense MIBRMEAE “HAURFIE” —Fidh
65 . Vsense BN IBIEHIES Ves MIBCRIA , WK 7-4 Fis. Akt , sEflE S AR —Mag Mt Ham T
AN R (Vo) 72— B ) a2 4k BRItL o uAe PR ) ot £ R AR AR A o S o e U R o) 0 (L 2 A L
(VSENSE) ﬂt‘ﬂ W%B%M%%Jriﬁﬁ‘] IZ@& .

Rsen X ISWiimit = VCSuax = Vsense - (D x Vgy) (16)

Horpr ISWywir RTT R R R ], HT7FE0 17 58 Lo

120
|

VsL

< >l

100

80

TN
\

20 \
Fs =

VSENSE

—

Fs = 500 kHz

/

~l

DUTY CYCLE (%)

-
250 kHz i l

0.000 0.100 0.200 0.300 0.400 0.500
CURRENT SENSE VOLTAGE (V)

—Pp

B 7-4. AR EES 52 R KRR

7-4 J&7R 1 Ves ((ATHLIATRR B BT ) Bl &3 28 LU AR RO L o 12 TR AH 25 1 N B AR R ARLR (Se) , FFAEAIR
AT % F] Vepnse PRI, WRELLITR . BEAE G EERn | 6 RS BEE Ve R, ZELE RN 1 1E
325ns ( SLBUAE ) JERRIF RIS FELR R BB Dy 343mV ( BAAUME ) o X TR RS |, G E T B R R AR
SEARERR A (At ) o BT AR PR R R s bR DI DT RE S 17 38 Reen BT
f FEL A IR A B

Vsense - (D x Vsi)

Rsen =
SEN ISWL|M|T (17)
HFER A7 FHIFIE Ves , 1ISWywT B 520 18 5.
IOUT (D X V|N)
ISWowr = [(1-0) T@xfsx L)] (18)

ISR AR, FE IR PRELRE Ll R oK AR ME ot — @ A (BN 120% ) o Vsense 1 Vsl MIEINTE 77 5.5 g
o (IR 8 FH X R AR (K BRARLHEAT TH S 0] e 213 N U1 S B 0 96 72 AR PR 11 3% Ry Y0 Rl DRI, |l 1A FH 7
T2 19 FAEH 77 5.5 theA i) VgL ELRAH
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Vsense - (D X Vsense X Vsratio)
Rsen=

ISWLIMIT (19)

Rsen 72 IR AU PR BRI — &R 20, WEHPA A E A — . (It , — B E 1 AR BRI, Wi
UEPRER AR E M. “REFAMEE” —ATh iR | J7 2N 20 AU A REAE RS U Mg IR R AR E

Si-Se < Spt+ Se (20)
B UFZ AR ROL | R 21,

2XVS|_Xf3XL

R
SENS Vo - (2 X Vi)

(21)
Rk RSEN KT I, ML SN R AME L R A E I, IR — 17Tk

7.2.1.2.5 HHI BERIFE AT HE IR

Rsi M TER I ININAS MR AMaE . AERZ BB AT E Ry, I HE AN KT it (R FE .. AR5
22 4% RSL.

RSEN X (VO - 2V|N)
2xfgxL

- VsL

ReL>
Hor R AW IR L RIE . 2238 RSL J5 , 35 5 045 H TRE R MMM TR % | X i g
TRBR I E . B, W AUE R UE I IR R, TR 23, R 24 RO RER 25 .

Ves = Vsense — (D x (Vs + AVgy)) (23)
Hor AVgL RARIASMRIRAME | ZRPEAMETE R FEAME R W AT GO T 2K 24 THEAS

A Vg = 40 A x R, (24)
XU T R (50 Reen ) AR, Wi FExt 25 Hh TR,

Vsense - (D x(VsL + AVg))
RSEN (25)

ISWLIMIT =

T AR 1 R R S (BT R | TTRE T B AR5 Rep M Ry M. 1ERELE I | Re BT
HHIERR Isen 310 1 65

P SR 1A R TR SO L U A R I 0% B, I HL LT PR 1) AR i R VEEAELFY) 120% , T W) DA 58 ] B 4 5
IEHIE Repne RENH L LRIk 2 N4, T2 26 #AEAE ] RSL AT OL F IRt fAa g .

VSENSE

|SW|_|M|T +<M> x D
L x fs

Rsen =

(26)
7.2.1.2.6 TR R EHT

THE RS R SR A R TR, W AP By B S P I S B dAL T B A R R RS T R U
R R BOBIUE FEIRLN K T A gt AR DA L R T DA PR 5 R X 27 1A
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IpPeak) = lout/ (1-D) + Al (27)

MBNERETT TR, — W 6 I RE NS A TR B (45 o 4 S P B KT 2 AT o T o A 00 8 A WA S 1 Pl M 55 s i
HUS . TAE L ARES AL BZ F R . O TR EIROR , VU AR I (A 1 e P i A

7.2.1.2.7 3% MOSFET #%

LM3478Q-Q1 AYUKzh 5| JH 0 BUE #2484 MOSFET B . 3Xzh 5] (DR) ML T ANBIE (1ESH 7
56) . ERZHNHF , o LUE 2B MOSFET. X FHAR M N B |, NAEH 72 4 HF MOSFET. Fr
M MOSFET X RARCEA R KM . EH MOSFET (18 S 44

B/NEAEHE Vrr(MIN)
T FH Rpg(ony
MR AT Qg

R fEHHZE Crss

R NIFIEHEE Vpgmax)

b wON -~

MOSFET oWk A H R L5 T4 K. Vds(max) 2K T4 s . MOSFET H I Bh R 356 v] 438 5 iE 47
FERTF CPiFE. HE RDS(ON) KAl B 3@ FE Pcond : .

Pcond = 12 x Rps(on) X D (28)
TR Rpsiony FIFZMAIE AR H B2 . LR IR & T HEIN 30%.
XFF 2 28 H T |, AT DA P85 B A
JEHAE S IR | JFIARFE ] A & S FE I S KB 70
145 € MOSFET fEigAT i I FF A RN K AR AL, DRI AR ME TSR o e . lH SO0 T , 50> MOSFET HI%4E
RS BA R U HA RS R T 29 A7 0 30 REC B 7 Wil o} B P RHFE

ILmax X Vout

Psw=———— X fow X (tLn + thy)
2 (29)
~ Qgs ) Rdron
t = (di +=5 X Vdr - Vgse (30)
7.2.1.2.8 A BFHEHT

HI T T I e fhe B i N\ i A7 AE UGS, DRI N R R SR = AT, Wl&l 7-3 P, BURERT IRI A B
ABENS AR R SUBOR . (H2 , BEEMARAESD |, SRR I, F N A &% 13 75 iR AL 18 ]
JitEE 31 15

lenrus) = Aj, 1/3 =1 (

23 (31)

N R AR I RE S AL BRI TR B . S N AR AE TR B I A A, (EAR A A W RE R EH ST B
YER . DAL, BIE#E—4> 10uF 2 20pF i N TEF A 48 . WEORAE AR T 10uF (4E , JUFHSTAR FLAF A BT %
W7 ) i FUR] RE 2 52 LM3478Q-Q1. v THRmTERE , JCILAE S Vin (kT 8V i, @iEfm A s i ] 20 Q HIFHEE
Kfefft RC JEPAR . BLHFHA S VIN SRR , JF LR — A 55 i i A 48 BE R R VIN 51 (E 21 IA
7-5) . WEREPFE A 0.1uF 50 1uF KR RAES . KERRA BAS A BRGS0 5 — Ml S5
RIS .
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RIN V
LM3478 l Caypass l Cin

-1

Copyright © 2017, Texas Instruments Incorporated

& 7-5. FEMK IC S \REFE

7.2.1.2.9 JyH 5538570
Fh 5 ¥ 2% b i RS S 0 FUR S SR R PRt T A fr i R . DRI, SRR RSO . W AR
MRES AL By K R AL . AR 32 BoR T i A 2R T 2 T iR HLTR

i 2
ICOUT(RMS) = \/(1-D) [|OUT2 L + A'_L]
(1-D)? 3

(32)

Hr

DV,
2L (33)

Ai=

A1 ESR Ml ESL B HEd=% a0 . w7 % i {2 A K ESR A1 ESL I A#S |, PASZEL & RCR FR S
WHE. @ Em o R EEAES. RO EREYVHEMARERS. REVEHBEEREZ ZREHRE
5o

TR AR AR S Y RS N, 238 2 LC JE Ayl —RAE R R . REHEHT , AUt B2
LRMAE I AANE LC JEUE S AHEL |, 75 RIS RS A2 A 30 F /N AR 28 — AN FUBRER A ) — A e 283 H L 28 28 SR il /N L FL
S0 H AR A

7.2.1.2.10 &

U VRGN T anfa) e B 5 I AME T RSB T R R N AME S B, 15508 AN-1286 LM3748 71/ F5 7] 75 117 #H 2
SNVAQ67.

7.2.1.3 M #Z

100 100
90 i 90 -
80 "—‘- 80 ! .~.
< 70 Y / = 70 - '//
E e 4 ¥ gl Ll
g 50 A g =
e 40 ,/ g 4
] 20 - 30
20 20
0 1o Vi =3:3V
0 0 Vouyr I=|5|'|0|\|/|
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Load Current (A) Load Current (A)
B 7-6. ARE5HMARMBPRR (VAR 12V | B 7-7. RS HBBRABMBLR ( 3.3V AR 5V #H
H) )
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7.2.2 # 7 SEPIC #4#:4%
Vin=3.3V1t024V
L+ e
15 uF, 35 V
L4 x2
LM3478 10 pH ——
Csn | -Qf Vi o - 5
SEN — , ceramic
Cc ! nF__ Rra H Vour=5V,1A
[ E— COMP FA/SD T_\
RC i Re1 m o Cs MBRS130LT3 *
4.7k % FB DR — IRF7807 32
J_r/\Z/(;/: ! o 10 uH — g Rr2
= - AGND PGND T < 60k
J_r _—L_ Rsn
- - 0.05Q

& 7-8. JLEI) SEPIC #%#.5%

T LM3478Q-Q1 =M N y4iE MOSFET , ‘W] T SEPIC ( Him#)d ey ) M. K 7-8 BiR T
—/MEH LM3478Q-Q1 1] SEPIC 7~ 1R , it L s TR TH AL . SEPIC {4 H AN H 28K
FHE s RN . FUEES L1 AT L2 W] LR AN S r RS |, AT DU — M A R PN 53 4L, RUONAE
FEANTT O JE HA P LIRS i AR S A0 R . S A 20 S X R RS I D) AT B SR PR RO RE I T, TS A S A
RS . BT RS S e /E A L1 AT L2, AT LR/ NSO R RS

HI T4 A\ S A7 AE AL L1, SEPIC 4h7K 1 T IR B as PT35I IS EHas AL | SEPIC 11— 12 A
REILEA A SRR . A CS M SR E | JFEx f B i s AR R R AR . [HE , A
FLRHALRW , SEPIC AT T8tk it XA ZIFOORHINT | farth iUk = 2 OV fETHIRF st | fn
A BE R R A\ R 2 AR I B

SEPIC #5522 34 44,

VotV

ouT
VOUT + VIN - VQ+ Vv

DIODE

D=

DIODE

(34)

7 FEN 34 1, Vg & MOSFET Q 'SR L |, 1M Vpiope /& AR B IE R .
7.2.21 WitER

N T IERERE RN R T RSE , Bk ARATRE LT 28 MR E L et s A PR Y LR P R BT Ok
B o X DUAS EES RO AT T SEILE I R ST A RS

TR, RS LN A, S AN IR S A 2T UVLO . i Hi R 1 7R ) i P A 38 L
A8 T 4 LI A FL RN LGRS R B0 . WSRO SRR B B AR iy, e i vl LU R AR /N | i M I8 AT - eSS
S ftten T Bk N i K LR B A FL P RSEN 28 . il r BHL b7 24 (0 L s 5% 3 r 60 00 1 L i VSENSE I
fEa Bl A sAh , R, APHEs RSL M AR A

AR ST T A LM3478Q-Q1 T+ FH I B iH 2R

7.2.2.2 PR
7.2.2.2.1 77® MOSFET %7/

R P s — B, MOSFET 78 55 18 1 T 5 H 35 5 B LR Virowngs S HLIEL Rogony AHHE H
# Qqe RIMERIHIZ Cres ABAIRIIHIE Vospax). SEPIC S FFX IR A R 772 % 35 8.
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Vswpeak) = Vin + Vout *+ Vpiobe (35)

PN MOSFET R A& LR 4 A4F -
Vbsmax) > Vsw(peak) (36)

W BT 0% FRLIALAE T RE 5K 37 5.

Alpy + Al
lsweeak = ILiave) * lout * 2
(37)
WMEATF R 5 r s A 7 #2X 38 115
SWRMS \/[SWPEAK SWPEAK (AI + A|L2) (AIU . A|,_2) ]
(38)

7.2.2.2.2 PR IR EHH

EPERI T2 W e 8 AL BRI AE F R ANV e [ B s o 7 SEPIC ", AR I L i 5 T Qe (E FE AR ]
TARE M RWOIR S RS E R R E N VN + VouT. STHEFE#ZERML, —HE P RmSE Tid B, 8l
i ¥ e AR

7.2.2.2.3 BEHE L1 FIL2 %7

BUOEME R EREE LR L2 SRORFRELL L B |, FFEIE U N2

PGS (1 2 L g T DA 5 R X 39 1A,

| _ DIOUT
1-D (39)
lL2ave = lout (40)
FEATTRE A 41 R R 42 TR IR E S0 AR, DAETE 6 B TH RS RE .
_(Viy-Vo)D
ST TR
(41)
(Vin-Vo) D
Al =
(L2)fg (42)
DREFARAE 1L > Ai2 AR GROESL RTS8 | 7] LG R0 43 A2 44.
(Vin - Vo)(1-D)
2|OUTfS (43)
(Vin - Vo)D
L2>—F————
2loytfs (44)
FURRES P WA R, TR 5 R 45 AT R 46 DURROR A 3R AN A
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DI Al
Ik = 1_%” +%
(45)
Al
lopk = lour % (46)

1Pk 20 20U T~ H J s 0 B 5% B ) e R A0 LA
L1 AR AT DABE N2 2 A B /ME AL, LD I NS fda i 80 . AR, AR D4 N IL1avE #1 20% f& , X%
H SO I I A S AR AR /N
T L2 ER B U /ME L L, TBARN Ao, AT B S H SOk i
lour Al
ANVour= \=——+—) BR
( 1-D 2 ) (47)
Hrp, ESR Ay¥ith A48 I S 80 B HL B
S L1 Al L2 gESEfE R — RS E o, L1 = L2 = L. e @By 2L , B A 592 a0 T .
7.2.2.2.4 BH B L FE
METF IR WEAE FIR |swipeak) P BAMEFH BRI F B Regn #EATAT , DUESR At — @ %t siint. il LA U7 72
ﬁ 48 IZE%:EEBE RSEN
Vsense - D(VsL + AVg))
ISWPEAK (48)

Rsen =

7.2.2.2.5 Sepic HAZHLH
SEPIC HZ 25 CS HE BV E R T R B . SEPIC 28 1135 5 4R s s 5 fE 28 49 115

—- 2
lcsrus —\/ISWRMS + (IUF,K2 ekl + A|L12)(1'D)
(49)

SEPIC HUZ &% U AURAT HX T4 H DR MBS T AR R AUE . X3 SEPIC Wi & A SR Tr
MR N (AR T AR AR ) IRTh %R . SEPIC HLZ# IAIUE LR s T i A k. CS A L1 2
[AfFAERE R T, AT E R AR M. i REaK 50 JEoR T A RE T4

(50)
Hrp
AVg = ( Vour ) lout
VOUT + VIN - VQ + VDIODE fsCs (51 )
f& SEPIC %48 LHISUE I | 1M
o = Un-VoD
11 A 52)
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rEUL RS L1 ISUBR. AT U AR 63 SR RE T A 2R Cs MR/ ME.

| 2
ouT

Cs 2 L1 _ 2
(V- Vo) (53)

7.2.2.2.6 A HEHAET

S5HEFH 2325100, SEPIC TR Nim A — /2. Bt , MiNERMBEELEESK =M. RIS R AR
AT RENE A RIS . (HUE | MEERI N RN | NSRS . N\ R AR 13 7 AR R
AT 54 115,

lenrms) = Al D (VIN ' VQ)
Iz 25\ L o0

BN HLR A D AE NS AL BRI TR AR . R RN AR AR E TR N ORI A B (R A E AT e T BB T B
TERT. A, MOESE—A 10pF £ 20uF YEEIN LR AR . WERE KT 10uF BOME , ST EAR FT 0T 5%
MG F) ] R AT e S B2 LM3478Q-Q1. 4 T REmitkRE | JUIE S VN IR 8V I, TI@UUH M Ef A 20 @
HUBL &R RAE M RC JEHES . ULAFLAs S Vin SIS , FF R &G 55 i i A B HOER R Viy 51 (152
7-5) . WREPFE A 0.1uF B 1uF MR AR KRR A SR RS R R R HAR ) 5 — M S f A
HLIE .

7.2.2.2.7 G T AR

SEPIC )% i LA 5 BE A 7K 2 AR H K I SUR IR (X5 TH A e as X0t rEUAS AR 28400 ) o b LA 2 P AR
LU A 7T RE K 65 15

lrus =\/|:|SWPK2 - Iswek (Al + Alo)+ (Al + A|L2)2:| (1-D) - lour
3 (55)

fth LA AR ) ESR A ESL B e S0 . TR ey i f F BAT IR ESR A1 ESL IRAE A S , DASKBlm
BORANRSCP s e D9 1 SRBURETSE , B U iy o o P 2 1 M b B PR 2R 4 RT3 SR S W e A rL R SR SR 5
P 5. Sanyo-OSCON HIZE &l 2 2 Mg Be F 28 i

7.2.2.3 BifH %R
100 100
90 90
80 =nt 80 1]
. 70 g .70
B s ,/ E gL
g 50 g 50
K g 40
SR 530
20 20
10 10
YT 0.01 0.1 1 0.001 0.01 0.1 1
Load Current (A) Load Current (A)
B 7-9. MR E5HBARARXER ( 3.3VIAM 12V & | B 7-10. R S5HFARAKRER ( 5V BAM 12V &
H) H)
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7.3 EJRMREIL
LM3478Q-Q1 w] F AL FEVR 4= FE I TE N A 2 Fh BV FEVR L B AT« Gn SR |, RN VIN SN BEAT RS, DLk 4

SRS B AR 40V [ R R FERIFNT . RN IR B ST 2 SR, LB IR AN RS A 2 R EUR T
VIN UVLO H P R K P AGERT AR, Bk 7 IER IS ARSI |, R AN FE R A

7.4 %7
7.4.1 it H

RO I R AR A R T P e B B0 T, 15, B P I 0 T AR T DABEAT O Uk, A ZIEAEIE 241
T rE DARRARTF SR e 7S 5200 . TR o 40 38 e AR BRIE A T SR 28 1 - TEUESR B AR b | SN H AT A RSl 088 on A o 2 5
LR R 2 PR A AN L TR Ldi/dt M R0 . 1% S PR B AR A B A R A B B 0 T B 0 . X R B AR S I T 7 T R
SN HRETHE (EMI) |, 3 HIE & SEEERE B 8. Rk, 7840 /AR 2ot 620/ N o | R el D IX Fh I
FMEFE RS o FE IR S BR A ) VRGN PR PR AR 25 5 2 B SR M A R e . R S 2 SR 2 Rk, NS
Ok FE N, R LM3478Q-Q1 7EREAN B HAMI T 46 B 325ns HTH BR8] Sk 200 b Mg A | {HL7E 99 BR8] 2
JEATY AT BEAFAE— B 7

ot B B (4] A a3 A 2R U A AR R AS IR IR IR R AT RN e B 7-11 R 7 T R R 3 B8 (K B IR Bl o T A P v )
LR RN SIS NI S , I E R R T R WOIR S N BRI sh o AR TR 56 R B 7R B AR
AT . I FEL I AR B BRI, DROA LA e TR R R A () P R AR AR oGS S B P R ) R A 5] 2R R AT
AESH .

PGND A1 AGND 5| A ZUE RS R — N, XN S 8RR T . 7 8 IR B IR, B R AT
PR R AN

e N S 2 R AT RESEIL VIN 5 ESR: | /258U GND 51 I & B2t .

I B R E 25 R | 2054 AN-1229 Simple Switcher PCB Aii Jai 15 7 v AR 45 .

Y EII.

B 7-11. Tt R A A R R SRS
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7.4.2 w0

ERRNCE GND
) ) o)
o (e} (e}
(&) (& (&
% o B .
ST | T T T
; 1 OUTPUT+
i
J 1 01 *
5& SW_TP i
SD
INPUT+
B I >
T T GND
CIN1 CIN2
W REZ VARG, SRV
B 7-12. FHEHE B KA R
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8 AT HE

8.1 B Hr

8.1.1 B=77= 7

Tl KA S5 =7 P2 IR M5 2, ANRERI RS 27 i BOIR 55 BRARAS (438 FH A SR AN AT, ASREM Rt
277 B IR 55 B Bk S AT TI P S EUIRSS —  F R sl Al .
8.2 AR HF
KT IEr= RS RE , IES R TS
8.2.1 £/ WEBENCH T .AG& EHIHit 7E
st Ah | ] LM3478Q-Q1 2314+ IF 15 ) WEBENCH® Power Designer f1) 2 5€ il % it .
1. H% , MANER Vine VouT Al lout E3K.
2. [ERAMAARIRBRARCE . BB RSB R TS B  E B SN AR (TI) ) H A w47 fif vk 7 Sk
1T
3. WEBENCH Power Designer $fit— 3 & il i 22 [ DL K 25 1 i A0A% A oA B2 1 1L 0 R 5 o
4. RZHGEHT , BERTLL
o BITHAGE , WEE BRI L RS
o IBATIVEEREMEE , TR HESAR AVERE
o Kl EE AR RS HE A CAD #X ;
o FTEN¥IT TR K PDF G I SR HEL R,
5. X WEBENCH T EMHAEE , &1 www.ti.com/webench.

8.3 UKy

ffiFl LM3478 318 WEBENCH Power Designer )7 5 il #i1 /7 % .
8.3.1 XX

THZ [ LR A OGS

*  AN-1286 LM3748 71-/% 1 ##17 #MM= SNVA0GT
* AN-1229 Simple Switcher PCB 7 /7757 SNVA054

8.4 BT EHTIE AN

FHMOOR @A | 1 SHUE ti.com LRIEE OO . R @A BEATVEN , RIAT AR G i AE S
o AREUWEAE LS IR E O SO RS BB I k.

8.5 TR

TIE2E™ s Se b izt TR EE S VO | W EENL KA RANRE . S RiF@as . B8
I R R 1 O, SRS T 3 s B

BRI B R TUBRE HRIERE Y SRt XA IR TI BARPE | AR R T WA iE2 0
TI i FH 252K

8.6 Hitn

TI E2E™ is a trademark of Texas Instruments.
WEBENCH® is a registered trademark of Texas Instruments.

BT A BR8N 5% B AT & B
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

LM3478QMM/NOPB Active Production VSSOP (DGK) | 8 1000 | SMALL T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 SSFB
LM3478QMM/NOPB.A Active Production VSSOP (DGK) | 8 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 SSFB
LM3478QMM/NOPB.B Active Production VSSOP (DGK) | 8 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 SSFB
LM3478QMMX/NOPB Active Production VSSOP (DGK) | 8 3500 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 SSFB

LM3478QMMX/NOPB.A Active Production VSSOP (DGK) | 8 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 SSFB

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

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

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LM3478QMM/NOPB VSSOP DGK 1000 177.8 12.4 53 34 1.4 8.0 12.0 Q1
LM3478QMMX/NOPB | VSSOP | DGK 3500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 31-Jul-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM3478QMM/NOPB VSSOP DGK 8 1000 208.0 191.0 35.0
LM3478QMMX/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

02
| Soacl— -

FPIN 1 INDEX AREA SEATING
‘ PLANE
) 8 6X ,/j\
—] == j T T
—-—] 2% 1l
|
[ ] + ‘ ]
— == |
L ) 5 L 5 0.38 \J/
I N S %0130 [c[ale]
NOTE 4
\f{ ‘\ 0.23
/
- <¥SEE DETAIL A o
1.1 MAX

L 0.15

0.05

DETAIL A
TYPICAL

4214862/A 04/2023

NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

5. Reference JEDEC registration MO-187.
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EXAMPLE BOARD LAYOUT
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

Tsx (1.4) j
1

8X (0.45) 1 [ Y J

SEE DETAILS
‘ (4.4)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ /  OPENING
O |
|
EXPOSED METAL \ * T T——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED) SOLDER MASK DETAILS

4214862/A 04/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

+ r 8X (;.4) j

8X (0.45) 1 [ ]

SOLDER PASTE EXAMPLE
SCALE: 15X

4214862/A 04/2023

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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