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5.6 KR (FiX)
RRIZELIR DI ERY, Vy = 12V, Ty = 25°C,
120
100
= 80
i 60
[&]
> \ Fs = 500 kHz
a 40 ‘ £
20 Fs = \’\ \;/~
250 kHz | m
O 1 1
0.000 0.100 0.200 0.300 0.400 0.500
Current Sense Voltage (V)
519. Fa—T 1 YL I LERIRHERE L DBR
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6 FF4HsiEA
6.1 &

LM3478Q-Q1 F /3 A A%, [ 7 & kDL AEZE i (PWM) Bt — R 7 —% 77 F v &AL T ET, =7
S 6.2 10, EAMREARLET ., (REWART 7Y —sa [Tt 44 MOSFET % st — /it
VABEHEN LTRSS E T, ZOEFOMEOELIL, Ispy EV RSN E T, ZOEEIL PWM 223 —H D
EDOANHAGSIET, A BEDINBIREET Y ERBEEZ A LTRSS, =7 —T 27 ORAAS (F4—F w2
vy, FB) icfifaasnEd, =7 —7 27 (COMP B DT An—7HE 7 7 1B INE L, PWM 2228 —4 0D
BAATNMIGSNET, AT U T APV PRERMGEND L BIRGIIAAN vy TFr vy 7 ay &2 EHLTRS 7y T %
HELET, ZHUTEY, DR BV (SHE MOSFET O —h) 12 High {5 5251 HINS AL, 45 MOSFET 734
2720 FE T, PWM 22 8L —2 D E AN OBENAANNZ#BZDHE, RS 7 F By hEi, 44 MOSFET 234712
eET,

6-1 IR T IHIT, B ABBIO W TR SND BEICITEE . AT VT A ARANA TN EFENTWET, Zhb
DANRAZIZED, PWM 22 3L —4 R RS Ty T OV MEM N R FEB A HEMERHVET, ZNHDA AL TTy
FBVE hENZ2NEDNTT B0, IC WE DT Z 7T U MalIK X, Ty T 3ty hEni- % OERE PWM 2281 —
X BT7oF DOV eI LET, ZORMIZE 326ns T, 770 FRREFEIEINET, 2T MERAR M &
Ivar T/ VM EL TIRESN TOET, IEE TR AW E2 XM A W ORI TIX, 77 %07 W H o506
MOSFET 234 dblxliz i f1arFriciiidEn s = ¥ —3, A EN 2= ¥ —Lnh K& ET,
LM3478Q-Q1 IZNESNToi B Lo "L —H X, ZOIH72 R CHIEBIEN ER-T52 %251 LET, lEE=a
NL—2 3R (FB v'y) EEEMHH L, RS ZyF%#UtEy L E7, HAINEL CAMMEIZ/RDET, ZyTF i3k
REZHEEFLET,

Blank-Out prevents false

reset
PWM Comparator resets

the RS latch

El——

__//' PWM

Comparator

Oscillator Sets
the RS Latch > le—

325 ns Blank-Out time

® 6-1. PWM O /8L —% DEXENME
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6.2 @Oy IR
FA/SD VIN
Fixed Frequency ) Under Voltage
D Detect Oscillator Lockout D
internal slope
compensation
LDO
|  126vReference |
COMP -
i 7.2V
[ +
internal Vcc
.,.
Gm
Error
Amplifier PWM
DR
Fe S Q DRIVER
0 N . L
ogic
Isen Vfb+Vovp / ovp R
N A
325mv Short Circuit §
‘D Comparator
THERMAL
slope compensation LIMIT
ramp adjust current (165°C)
AGND source PGND
Copyright © 2017, Texas Instruments Incorporated
6.3 HBERKEA
6.3.1 BE/ERE

LM3478Q-Q1 1%, ) EBEDIEELEIRE (OVP) FEREZ A TV ET, OVP IdmiEE (B 3) THRtiShET ., IF
BECOELED Veg + Voyp ETEA T4, OVP BRI TENET, Vig BE Voyp DHIFRIZHOWTIL, &223F
265 w7 ar BB RLTITZE,

OVP (2D BRENE 723 Low (2720 /XU — MOSFET 2358 10(CA 712720 %9, MOSFET 2347127858, H71E
FEIEE FLET. BEEILD Vep + (Voup - Vovpys) ICET 5. LM3478Q-Q1 X UNAA v F> 7 2 B L £,
VOVP(HYS) DOHIFRIZDWTIX, &ro35.5 5B TLTEEN,

ZELTWRWANBIEN 7.2V 21258 OVP NhITENET, HAEEIL, ¥ 6-2 ITRTIICKISLET,
LM3478Q-Q1 O SAT AL, 7y Z IR T I LDO B A EIL570, Vin BV OB LN E S S
F3, Vin BED 7.2V LVEWIEA . NER IC /ST AT Vin BIEIC/RYD . BIEN 7.2V 282 TWAHEE . LM3478Q-
Q1 ONEL LDO NAA T AZMAEL F4, A v F A — R—ZAL v a/LRD 7.2V T, LM3478Q-Q1 OF X TONET
Ty 7T, NAT RELEOB NS EALR RONET, AT ABNEAL U2 HIIE LA 758, PWM =8
L— I @b R A ET, PWM 2 3L — 2O FUHTAREROAT Y 7 EE#H LR CTHH0, HEETD
BT AT v T B A B TR SNDIGE LRICIZRVET, 2070, ZOLEOH TEEA—/N\—Y2—NMNIXE-oT
OVP HL, NI ENAFTEEME DB E4, LM3478Q-Q1 1%, EAT VI AT —RTEI A7 VIZhlz>TL-Fal—a X
F9, FEEEEITIC, ARERME T 350 Vin 28 7.2V QDAL a/V R BB 2 70 hFE T, BMilCERT Y AE
—RICEEEATREMENHVES, HNTIEAT IV AE—R ThLFal — g SNAZLICHEEL TEEN,

TV —2ar OBERIZE T, ZOZFI OO EENHDET, VN ICESNEIZ BT 58, 7.2V DAL vy
DVREFEWVEEIZS 7R TEET, VN DALYy a/LRD 7.2V IZIEF WAL Viy DD Ty 7 g,
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ALy al R EREFIITH R D RN OV E T, M EE~DOREZ F/NRIZIMZ 572012, RC 74V 2% L
TVNEVETANEN T TEET,

VIN (V)

- \/

VFB (V)

OvVP
(1.31V)

1.26V

Pt

B 6-2. AhNBEN 7.2V ORWNAT ARy a)lR&EBAB L, REBEICRESECET

6.3.2 XO0—#R8>>7

LM3478Q-Q1 |L&E i E— Nl TN HL TEd, BT — RO E2F51X Ay F O DEA DY A7
VAL OEFRHIFRE, Bed# L — 7 R e ¢4, ERIEE DB EIN THL, EiT—RlEz2 s AL CH B %
WHNBEGE T D2 Eb RS T, 72720, K 6-3 IR T I, T 2—T 4 A27ViN 50% Z iR 225 & BT — Rl i34
HHINIAREETT,

ARTEIRDDOTINIHINT HE, AT EhIL Alg #MMLES, ZOAMEILOZEIT Aly TT,

ZZUTRENTND 2 DO SLIRRIZRBIEIL ., PIHE L ABEAS i 5 L X FLLTZ30% L MOSFET BRENE 75 0> A= sl A
SNFET, An—7 Sg O —F LOWIIT, N TAEKSNOHIEIEIY Ve T, An—7" 8, & § O MUDBIEIL, 1
HENTA & 7 2 BT Vsen <9,

PWM Comparator

Vo Waveforms

Voltage
<
%)
m
z

.
»

E 6-3.D > 0.5 DO VERIRE & HBRBRORIRE LT DHMES T

Sy SRR EN I T LR R E L TR S ICHE CE £, HlE S IcAn—T WG | A F 7 2 Efia R T AR
— XIS 5 u\iﬁ—éifjlﬂ‘b ZOBRBOFREAR—=TIR0ET, Ta—T A7V 50% 2oL, £
NI RTINS AT VT LTI 3 EGRI S IR DS AE L ET,

BHDHVATNINHIRD AT INASDALF 7 ZETOZEL, 1 IR TEIT Sy, St Se DR THHZER DI ET,

Aly= S25e
Sn+Se
(1)
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L7235 T, & (Sf- Se)(Sh + Se) M 1 JOREINWGA AL X IXZERMD I L TR BIRZ &L ET, 2
T RTOBRE—FOMROIZE W TEE TY, LM3478Q-Q1 [ZIZNE A0 — 7 Vg 2BV, 50% DF 2—
TAVAINEBZ DL DT TV r—a Tl B iR E Rl 2N TEET,

FIET TV r—arOifs An—7 Sq, St Sy 13 2, 3, X4 THETEET,

Se= Vg x fg (2)
St= ReenX (VouT- VIN)L (3)
Sn= ViNX Rgen/L (4)

S DT BE, DHEFRBE RO AELZRTETHEEIT/NEKBRVET, Ta—T 4P A7 50% L KEL, A4
JH A NSNS A TR ARERTINL F9,

FHMEEEmDDT0, Iseny DRI 1 DOAMHTHEYT Ry BT 524 T, An—7@Exisb T&Fd, X 6-4 |
JELTRLET, B TERSNLIAT—THED . LM3478Q-Q1 ONER Ao — Mg 1B MESnE T, S Ara—7
WEZEAT 256, Se ORITRD IRV FET:

Se= (VsLt+ (KX Rgy)) x fs (5)

FRE K OFEUEEIE 40pA TT,
BRBUIAA T2 7 AR EN R U TEAELE T, X 6-5 13{H 2 DT 7V —al O K ZRE T 571 E N,
X 6 ICEVIREL K 23sRDOIET,

K =AVg /Rg. (6)

Sy BAIR IR A My 1k T 272012, B I2T An— TRl 21BN 3 2003 E I 2a5 G FIE T, An—7HiifE &80
THIETLD L — T TR SN DB O R E o MRICIZ 22 TEET, Ar—TREAIEF ITRENG
B ORI —T ORI, FREBEL A Z V2B TIIRDIE N LT HEEET— L F 2L — 2 LR T,

|_| 250 T
| Q f, = 100 kHz
LM3478DR 200 : 7
" f, = 500 kHz “
Q1 /
S 150 VA/
ISEN £ -
’ A fg = 1MHz
>" 100
< /
A'A'A' RSEN 50
SL
T 0
0 1k 2k 3k 4k 5k
RgL ()
Copyright © 2017, Texas Instruments Incorporated 6-5. SNERR O — Tk AVg, & RsL D%

6-4. SRR O — ZHEE DB

6.3.3 FRHFE >+ v P>

LM3478Q-Q1 DAL v F 27 A 5%, 1 [HOAF P E 5281250, 100kHz ~ 1MHz [ZfFc&x £,
6-6 (TR T IO, ZOEPUE FA/ISD B2 &7 T ROIICER TOMLERHVET, BIIDAAL YT > 7 B EI 25
PR PUEZ HIW A2, &2295.6 5, /21X X7 &AL E9:

Rra = 4.503 x 10" x fg - 1-26 (7)
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FA/SD

LM3478
-Q1

& 6-6. FREEE

FA/SD B3y v b2 e LU THEEREL £9°, FA/SD 12 High 155 (1.35V #) 23884454, LM3478Q-Q1
i7\4)/7‘/7 ZEIELTERERE—RIZBITLET, ZNHDO5EMHTI i |C @fﬁfﬁ{ﬁ EtlE 10pA Kb/ s
o X 6-7 12, AR E—FTEIEL T OLED Ty MU U RED LA /RLET, ZOF—R T, 30us Ll L
High hﬁ’ﬁ:ﬁﬂﬂﬂﬁ“ék\ IC Bory T LET, 72720, T/\/])X“\@TE{E%%JJ:TEﬁ:&)\ FA/SD v D FEEILH
VA e KERS TV R T D20 ERHET,

Rra 10k

FA/SD >1.3V
LM3478

af MOSFET State
—> On-Normal Operation
OFF - Shutdown

6-7. BiRBABRE—RTOI vy MO VENME
6.3.4 S5 RE

lgen BV THIESN =B ABPLO WS O EEN 343mV 2258, EEE R REENSERICRVET,
LM3478Q-Q1 WD /_L—Z IV AA T 7 RPEEMN 5 70D 1 IR T L, EEDNFIESNAETIOREEZEHE
FrLEd, @ EERIL, SN ERICk>T/8U— MOSFET N4 7 ICAR5 I NI TENE T, 7T 27 Bk
Fix, PWM 2o S — 2 TR BRI S LR | B E X EmE KRB ARIRIE TT SA AR #ET D201, 20
BN 343mV EITHIRAL v a/ VRN FEESET,

6.4 TINA ADBEEEE— K

TART, ATJEED UVLO BRERZH R DL T <IT, FAISD Br O VAT ARFUT IS U TRk E STz J8 4 CHEl
ET IR EINTCVET, FAISD 728 High I27/v&iud e, LM3478Q-Q1 133 v MU E—RIZBITLE
‘3‘0
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T77V5—23  ERE

LAF o7 7 Vr—variFliz, TI O®-EAERICE TN 0 TiEZel, Tl TIEFOEfE T aets

PRAEVTZLEE A, fll 2 O BN 2R OEEVEICHOWTIE, BERROEETHWTL TV 7272<Z&ic
RET, BERITIAH ORGIRELHAEL T AN 5L T, VAT AOKREZHER T DU ERHYET,

7477V =23 ER

LM3478Q-Q1 (%, Hift il T —F (CCM) F7- I A B it iE £ —R (DCM) DWW CEIERIEE T, LLF D
77°U/7~¢/a‘/ \CCM BEM IR INTOET, ZOFEE—RIL,. DCM LR L THIRNEL, B IL EMI K
PEPMEL IR0 ET,

7T2RR\EWET TV — 3>
7.21 —REIGENEFE (7—X ) T/N—%
Vin=3.3V (+10%)

+
HE
L ’ ‘ 100 yF, 6.3V
LM3478 T E—
I Q1 Vin N
SEN —
Cc 22nF D MBRD340 Vour=5V,2A

A
|| COMP FA/SD T

RG a0k ok L Cour

FB — | | Q1 100uF 10V
r\éw DR | Y IRF7807
60k —
= AGND PGND [— )

Rr1 §

—L _Rsn
-1 0.025 Q

B 71. — RSN EZE (F—R M) A N—4DOEKE

ﬂEﬂ//§—5 I ARANEELE I BEICELET, FEa A —2OHAMEN A [} 7-2 (Z7RLET, CCM T
T (BEFRETAHIHERP BRI NGE), FEL X2 —X3 2 DORETEELE T, KyOEIEREE
TlL, MOSFET Q A UZ2R0 | XX —INA X 72 ZEFESIVET, ZOWRETIL, ¥ A4 —F D [T AT A

AN A =N AN s CouT MOAMERPIFE SN ET,

2 ZHOIRIETIX, MOSFET Q A 712720, F A —RNNBH I AAT ASINET, A F I AR LR L¥%
—XAMEH a2 T U BREESNE T, Ay FAURM EGRH R O FEIX, X8 IRTINNC, Ta—T %17
/LD T,

D=1-(Vin/Vou) (8)
MOSFET X A4 —ROMaMOELER T2 &z, Ta—T 4P A7 VD EFHRE X 9 ITRLET,

D=1-((Vin- Vq)/(Vout +Vy)) 9)

¢ AT —=RONETT R EERE T Vq 1% MOSFET 234> D L&D OBER T T3,
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VIN COUT;: :ERLOAD VIN / COUT; EE RLOAD
Vour Vour
Cycle 1 Cycle 2
(a) (b)

A BRIV A7 VENE
B. 2FZHOY A7 LVENME

K 7-2. gt hh/=qFEI>/N—%

7.2.1.1 REHEH

TV = ar OO A X2 YN RE S HITIE, A EEHME, HEE, M EREE, LAy T
T I D STA=ZREET T, 2D 4 DO FEENTA=HT Ry A7 2EEZ FEBL T 570 I TEHH
i DIEPRUT L £,

FEIUZDOWTIEL, AJJNBPEERS UVLO fE% FRIBRWESZ, ERL — VD ATA LB —F 2 2+ 51/ E&LT5
MENHOET, AT DA F 07X OFRIR &R ETHEIN L, Ii’M/&%ﬂaméﬂx&%ﬂﬁmu/wvfﬂ“ AA
Fo 7 R AR mERE T DHE, FEFIT/N éfow/&f%?fﬁfz//\—é?%%h{’ﬁé&é 9:73>'Cé°?£?“o AR TED
I REFIL, B AP RSEN IZL-TRRESIVET, BEIHIRIL. B APt A RS b E F# 5 AR A
Ly abREEE VSENSE LU WEXITRALET, o, MEIZSUTRPL RSL 2L Ae— 7 fifE 2B MEhE
T,

PLFOt®IvarTid, REHZR LM3478Q-Q1 HIET 7V r—ar O FH BRI OV TRIILE T,

7.2.1.2 /R FIE
7.2.1.2.1 WEBENCH Y —LICLBH R ARET

ZZ%x7Vy 73 %HE, WEBENCH® Power Designer (240, LM3478Q-Q1 7\ A A& 32 A% L% FH A ERL T
iﬁ—o

1. wANZ. Vine VourT. lour PEHEZ ATILET,

2. ATTARAFOXAYNEERLT, 203, HHEEHE, TAMNE D F R/ TA—ZTOWTHGE Rl 2D
REHE, TRV AR AL AN AN L DMO AIRER Y 2 —ar A i L E T,

3. WEBENCH Power Designer Ti, #AX v A X7z [AIBE R LT Y AN | UT VA A LOAMFESOHE il OFE T
WP TR TEET,

4. \FEAEDSEE LTONESLATREERDET
o BRI Il —larEFEITL, EERNELRIEOMREEER TS5
o B Ial—iarEETL, BEOBEREE TR TS,
o NAZZARINIZEREHRV AT U N —{ki)78 CAD 74 —~<y N T/ AR—N %,
o KFOLAR—NE PDF THEIRIL, AL G35,
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5. WEBENCH >— V@£, www.ti.com/ja-jp/webench T &I/ ET,

7.21.2.2 /YT — A 28 S DER

ALBEIZIFEAN=ZRNICHD 2 DOZFNVF—FHHZTFD 1 OTT, M 7-3 18, AAvF 7Y A7rfidA
HIBERINE DINEACT20ERLET, 1 F 7XEFTRNAETIL. 20 10 75:1%% LVCuﬂEULij‘O N V= o R T
Vi OBfRERLTOET,

(10)

W) A 0 52 ZMELRE T DB EE 2 BT, |, CEAZ 7 25EiR) & Al (1272 &Yy 7v) T, Al
AL KORENGE YAV DO—ETAZ 7ZERD 0 IUX L, 22 73—#F DCM TEIMEL X3, 27— —
MIFEHISNTWD TN TOHTIE, CCM TOEIMEZEL TWEd, CCM TEMESEDIZIE, U 1 2L TR
R TS LER DV ET,

D(1-D)V,,

L >

2l uf,

ouT's

(11)

B/ lout ZIRL , /X 782 ZADMEERELET, — AU E UL, Al % 1L D 30% ([ ETHZETT, A
A7 DOMEG 2T YA REERTBINE, A F 72 RNA B EREE— BB TAMLENRHYES, FE=
UN—RZDYE I AZ 2B T A 12, 13, 14 2EHLET,

ILpEAK = Average | (max) + Al max) (12)
Average || max) = lout / (1-D) (13)
AlL(maX)z DXVin/(ZstXL) (14)

ZNBDEIVE ER DB mWNA L F 7 ZZEIRT DB ENDVET, A Z 7ZDOER @Y TR A | fafnnisg 4L,
[ ASRAEN RS D P REME DS DY £,

LM3478Q-Q1 1%, IEFHICEWEKRE COAAL v TF U TR ETEET , AT T BN G WA, FEEIT NS
A RE T N—FEEESEAZENTEET, LM3478Q-Q1 1%, A vFaiiinde—rERamHLES, Zh
WERTOXCHRE LI —I A F 72 EFREFIL T,
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I L_AVG

i i P (s)
D*Ts Ts
(a)
Io (A)
IDiAVG
=lout ave - = - -1 — — -
R
D*Ts Ts
(b)
Isw (A) A
Vi
L
lsw ave p—m — 4— — — I —
P t(s)
D*Ts Ts
(@]
B73.4 50 9BREIAA— RER
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7.21.2.3 HHBEDRTE

Hi71L FB B OROEH I ERIE 2 AL T, HEEZBE TEE T, FB B OEEN 1.26V (272591t
BRLES, DL FORZME AL T, Ry (HAEELFEE S DROHST) & Ry (FIEE &7 T ROROHEST) 238 4R
LEY,

Rep = (1.26 V X Req) / (Vout - 1.26 V) (15)

JARZARIR T DT80 B 7T RE ORI 100pF 2o F o a8+ 52 8b TE £,

7.2.1.2.4 EHHRORE

ARFICHAR TEDBIRO B A RIT, B AHHT Repn ICE > TRESNE T, BIHIFRIL, B AR OWIZAELS
BIEN BRI AL Y a/VREE Vepnsg EHELWEXITRAELET, ZOAL YT a/LRIZET HE, ROV AV /LVETA
A FIIA 70 ET, VSENSE OfIRRIL., MERAEE B/ ar THRESNTL ET, VSENSE L. 7-4 R 59
\CINERHIEEE 5 Vog DI KRAEEZFRLET, 72720, ZOHIEE 51— EOE TldZel, WEHitE =~ (Vg ) I[ZERL
T TEILLET, TDd, BIRHIRAL v a/VRE B L E T, EBEOBFHIRBAL v a/V R,
BT (Vsense) e E T 7 ORI% T,

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

ZITUISW it IEE— 2 ALy FERHIR T, 3 17 CEZShET,

120 |
VsL
100 >
[}
|
e 80 : VSENSE
Y H I
7
S '
O ]
E \ | Fs = 500 kHz
2 40 \ ; /
|
\ i/
20 —
FS: >\ ! ~—\
o L 250 KHz i l

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

B 74 EREHEBEREET 1 —T 4 M2V EDBBR

7-4 12, Ves (BLOVENHIRAL v a/VNEE) BT 2a—T 4 A7 C TE DTN T o0 E R LET, Z
OHIFRIL, WEE T 7 A0 —7 (Sg) ITHIYS L, IRV T 2—T 4 YAV /LT Vgense (ZE- THIBRSLET (AT
R T =T AP ATV T DL Ve O EFITEOFIBIEEME FLET, 20277 71%, 325ns (IEHE(H) 075
L O RHETEEIIRAL » 2 LI 343mV (B bR LCET, f AR, 72— T (AP
ZOBEETZox RN EDLEIGRHONCELRVES (N—tr T =), BiRHIRALV Yy a2V NI T 2—7 1
P AT AL TR DT 17 2L T Repny ZIBIRL | #1722 B [RAL v a VR AR ELET:

Vsense - (D x VsL)

R =
o ISWonar (17)
17 D473 Ves Ty 181X ISW it 2FEHLET,
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{ lour  (Dx Vi) ]
ISWowr =370y * 2 x fs x ) (18)
AR 2 B 1k 572 | BB BRAE 1A REN R (FRYEME 120%) 220 LD~ — V0 ik T DM ENRHVET,
VSENSE L VSL DM OMEIL, #2252 5.5 THEINTHET, 72720, b 2 SOAAEEOHIRfF & T D+E‘%?T5
&L HEBUEMIIEVVERHIFR E7213 Repn #HHERDGGHVET, D7D 19 MRS, 2272555 THRE
IND Vg e ET,

Vsense - (D X Vsense X Vgratio)

R =
SEN ISWomir (19)

Rsen BT —RlNL—7 O —H T, HilfL—7 DR EMICZDOREERIFLET, 207, BiilRAL >
VAL RERELIZR V=T ORZTERERIETOLENHDET, [ Ro—7fE 1/ ar0mRIcH L3012, B
BRI NN—ENEZETHIZE, 20 RETHILERHVET,

St-Se < Spt+ Se (20)
ZOHBEAPETHHIEEMAET DICiE, 21 ZEALET,

2XV3|_Xf3XL

SENS Vo - (2 x Vi)

(21)
IR L72 RSEN BNZDOEEDG KREWGA | BEMEMHR T 5720, LT Ot v ar Tt 359t e —7HifE %
BINTDLERHOET,

7.2.1.2.5 AR O0— TR /5 L 7= S 710

PEISET T, Ry ZRERAL CAR—7#EZ BN ET 1 ZEAE DG TS E2L, Rsp (F4ZLL FIZRESLZRW
TLEEW, A 22 126> T RSL @ IRL £,

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

- Vs

RSL >

ZZ T, RSEN ILERHIFRICE DWW TEIR LT3, RSL ZE0fHT 5L, il G B ZlIN— T2 B ESEB-HDIB
MOIF AT —T NEENDINTRY, ZOAR—FILEIRHIRAL v a RICHEEZ KIFLET, ZD720, LLTFD
023, 24, X 25 (TRT IS, BIRMHIPRAL v a/VRZHREET DB ERHYET

Ves = Vsense — (D x (VgL + AVg))) (23)

AVg 1, TR —THET 7 |7 a THEN T I, AlESh b BIoAa—7#HETHY, X 24 ZFH
L CRHESET,

AVg, = 40 pA x Rg_ (24)
Zhucdh, K25 1R X, EIEHIR (F721F Rgen) DN LL £ T,

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

ISWLIMIT =
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HE DB FRHIREZ EEED W )72 £ 95720, Rgey & Rgl DEAMVIKLAFH T LERHE T, —#BOkEH
TlL. Igen BV DIARETANZ) T T HDIT Rg AT,

Vo 7 VERHELED 30% OE T, BIRHIRAL v a/L RN RE—27 D 120% THHIINTA L F I 258D

BlE, K7 FIEEEHA LT Rggy ZIRETEET, LT D 26 1%, EFED 2 DO S-S0 TR,

RSL 7oL Chei 72 2 E A TRt L F7,

Vsense

Vo - Vi
D
ISWymir +( Lxfs ) X

Rsen =

(26)
7.21.2.6 /YT — 1 F— FDZER

FIEa NN—ZEREBETHE, XA — e b L BN EH AR ER CTHY , X A4 —REfiihbde — 7 &t
WA E TR ERNDE =T B CTHLHZENONET, ¥ A4 —Rid, FOE—TERU &2 [ jE72 ER DM ET
T U FNE A —RERIL, 27 2> CEHETEET,

Ippeak) = lout/ (1-D) + Al (27)

HAF —RIZH NP SN D I K ERZ BRI TEOMERHVET, FEIL N —ZOE—7fEEIL, L
Fal —Tal SN NBRELFELLRVET, ¥ A4 —NIZOELEL L TELLENDHYET, D zm LSELHIT
L ES AEERE T OISV ay b= A4 — R BEID L ET,

7.2.1.2.7 /YT — MOSFET DZiR
LM3478Q-Q1 DEREHE" 13, 4N MOSFET D5 — NI 7O EAHVET, BrEhE’ . (DR) &/ LT, ATTELIC
FORINVFS (22 525.6 M) FEAE DT TV r—a Tk, vy 7L~L MOSFET Z#ff i c&a%d, A

BIEDRIEF RS EIE, Y7 ey yZ7L~ULod MOSFET 22423 £, 18R L7 MOSFET i3, v A7
LRI RE 25 82 KIF L E T, MOSFET 2R $ 2720 D EE/R/ T A—=Z (T, IROLFHTT:

1. /DALY =) LREBE + V1H (M|N)

2. FUER. RDS (ON)

3. I —MEME, Qq

4. WUREX ¥/ RUH R, Crss

5. IARLAL-Y =AML, Vpgmax)

MOSFET O 7IREEEE %, HJ1EE i#b<iﬁ@i'§— Vds(max) | itﬂjjaﬁ}—iwj(‘%b‘zgﬁ’&)@if

MOSFET D& /JH KX, Hil ?59%&24’/%/7 PRI THIENTEET, HiliH L Peond ZHEE 3512
RDS ON) 75‘,[4‘%’(‘340

Pcond = 12 x RDS(ON) xD (28)

B Rps(on) Wk DIRE DB IIEF I REWNTT, @RI 30% BN AL BESNET,
A 28 OFEWE | TIL, LA X 2 EREFERHTEET,
Rl Ao F U T TR S RIERORKIB G E AT o 7 HRD O TODATREMERHY E T,

FEFH D MOSFET OHFAR D NEALT D0 Ay F L 7 HBEOFBILIEFICHNETT, Z<DBEE. Hxr D
MOSFET OF —# > —MNZiL, A A RNELNDIEE o ERiIEEsh CnER A, K29 &K 30 X, A A
F TR E T IEOE LR L TWET,

||_ XV, t
ow = max—Zou X few X (ten + thy)
(29)
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Qgs ) Rdron
3 X
fu (di P Vdr - Vgsi

(30)
7.21.2.8 AT T Y DER

HIEaL =D ATNIA L E I EPFIET HIod  ATIERBEIILEG L T A ET (K 7-3 #5R), 17
THIZED, NS T o ZHIINEND ) 7 VBRI ELIR0FET, 72720, AJ1ar T o/ h &b E . AY
I TEINUES, ASa 530 RMS &, 2031 2 HL TROLIVET,

lenrus) = Aj, 13 =1 (

Vout - Vin
2\/3 in

Vourlfs (31)
A1z 7 oHiE, RMS Bt a B2 2B ROV ET, A1ar T o3 ET 7V r—a TIREUIEEE T
IXHVFEFRAN A NENEA =X ADF A EAN AT D RREMEDRHN E T, ZD728 ., 10uF ~ 20uF D#iFH
<. m&:’%ﬁ@n‘/'f‘/#%i%?ﬂﬁ“éuz\%ﬁ%Diﬂ“ 10uF LVIRVMEAE 58, Ao B —F U AOFEAEH £7213 A
A F LT I ARXDOBBEIZEY LM3478Q-Q1 I[N R SRR HVE T, MEiEZ M LW 5729 $FIZ Vin 25 8V
K OHAIZIE, AT 20Q OEFLICED RC 74NZa T2t BEIDLET, BHUIX VIN B LEFIZRE
L. VIN ENZIIAA R T oS OBz B L ET (K 7-5 22 8), 2O/ TIE, 0.1uF £7/21% 1uF o'
VAT Y PMETT, SNV AN jar T o e A7 23 AT EIROERTO SOHMANZ B L E77,
F‘IN

V
Vi IN

LM3478

C C
-Q1 l BYPASS l IN

Copyright © 2017, Texas Instruments Incorporated
B 7-5.1C AN/ 4 XDIER

7.2.1.2.9 HH 3 > F > YDER

HIEa =2 1ar T o HiE, A X 7 XDOFRERFICT X COMITEREMIALET, TOME, K&V
BIRNFEALES, a7 i, K RMS Eiia VR 2 % E RSV ES, X 32 1%, =740 RMS
BIRARLTCWET,

ICOUT(RMS) = \/ [ 2_D Ai'-z ]
= 1-D) |! —_—+ —
(1-D) {lour (1-D)2 3

(32)

,,.(“
——

(33)

DV T pnar7 40 ESR & ESL ICX-> THEEEHIFESNET, @RV 7 NWVEEEFEH T 572012, H
FITCESR & ESL BMEW T oY aERALES, HAE, FrFEEX 2V, FEFEER)~—E#E, R)~—2
BV FRIFREETIvIars T oY A E AT AL A HER L £,

HAEE PN EFFEI NS THEUENDLT TV r—a Tl Z<O84 2 BER I LC 7AW Z &+ 500
BETTAIEAEDEA . BEIRIE/INUD 2 DA DAL Z 722 AL GBI KR a5 oY% 4
5I7M, LC 742 AN 1o F o3 2SS 8572 A BREY Y TPV R 5 L0 a 2R ME<I 2 b
F9,
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7.2.1.2.10 #{%

FERNR Y OME © 21 928 Ul 22 w5 F8 dh O BIRGIEDOFHEAZ S W TIL, [LM3748 A= pm—Z D
AN-1286 ##1AISNVA067 2SR TTZ30,

721377V = a v iR

100 100
90 90
80 B atl 80 T
70 ’ - .70 ,’/
E 60 / RS 60 5 el
g 50 / g 50 7
2 40 ,/ 2 4
5 5 53
20 20
Vi = 3.3V
10 "0 our = 5.0V
0 0 Lt
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Load Current (A) Load Current (A)
E7-6. DELATEREDBEFRE (O-VIn LU 12V | B 7-7. DFELEH/HEREDOBFE (3.3-VIn BLU 5V
Out) Out)

7.2.2 f£FH97 SEPIC T > /Y—%
Vn=33Vto24V

_h Cin
I 15 uF, 35 V
|_1 X2
c LM3478 10 pH —
-Q1 —
1 nsg lsen Vin — 1 WF, ceramic D
Cc ¥ — Rra Vour=5V, 1A
— COMP FA/SD _\
- e a0k —L (g G 3 MeRSIaLTS +
47k FB DR - IRF7807 3 L2
N | 10 uH .
—- —EAGND PGND __I_ — - § 60 k
p— p— Rsn -
- - 0.05Q

K 7-8. ft&XM7Zx SEPIC A /x—%

LM3478Q-Q1 iZr—HAK N F+ /L MOSFET Zfil{fl 4272, SEPIC (3> 7 IV R 1 IRAVHE B AaL 73—
BTV —ar THEHTEET, LM3478Q-Q1 ZfEHL7= SEPIC @125 [X] 7-8 (/RS TCWET, HIIEEMN
ATVEEIDS BN FEITRNWGEBHLZLITER L TN, SEPIC X2 >OA X I E2EFERHL T, ATTELED
BIEFRIIFEEEITOVET, AT T ANV BIRTA X 7 Z OB R CEEDNHINSNDTZD A X 74 L1 &
L2 1%, 2 DDFARTY—" AL BT E  FIITFEEA L ETED 2 SDDOEBIRITRVET, 2 DODOF A AT — AL H I 5%
T D DAZ DAL E 72 LI R, DEa7 ORRFE FEHERTEET, L1 & L2 ITESBREEH T2
T AT TN AR5/ NETEET,

ATNCAZETH L ZEEL CWA720  SEPIC 1T HEZ N—F DT X TOR S EMAL T HEaL =BT
% SEPIC O FEAHHD 1 Ok, AN EHNEARERICHZG TEHIETYT, 2T 30 CS 12k A & H 173
S, AREESCHEEIENOREINE T, TDLD ., BERV YN UUBMLERGEDOA R EOBE S ZIZ
SEPIC N HTT, 2FD, AT NA T2/ B AT HAEEIX OV I FLET, FIEau \—XTiE, H
AN EBIENOF A —ROBEIERE F a5 W EETLOMBE T TEEEA,
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SEPIC OF 2—7 4 A7/E A 34 ZEAL TROLILET,

Vour 'V

out DIODE

D=

VOUT * VIN - Vo + VDIODE

(34)

7.2.2.1 RETEM

TV = ar OFE O A XL WYNIRE DT, ADELEFM, HOEE, M EREH, BERAA YT
TR STA= L PLEET T, T 4 DO FEBANTA=FL YRy AT LEEZ BT 572D F A TEHHE
i DIEPFUSHELET,

FEIUZ DOV TIEL, ATJNBIEERS UVLO fE% FRIBRWEINZ, BERL — VD AT A L —F 2 R+ 451/ ELT5
MERHOET, T DA XX DORIRERTE T DHERF L, 1*2"7/1'/57 IHBIREAL A I HE (ﬂu)/?/I/'CT AA
F TR @L< ETDHE, FEFINS A X IR E Ty N— 2B EESE LT &ﬁlf‘f—ffiﬁﬁo AR TES
I RBWIL, B AEPL RSEN (ZXH-> TERESNET, BRI, B Ao M ARSI DE F# 5 i fe HH A
Ly aVREEE VSENSE L LW EXITHRALET, Fo, MEIZSUTRPL RSL 2L Ae— 7 fifE 2B MEhE
7,

PLFOt®IvarTid, REZR LM3478Q-Q1 HIET 7V r—ar O F BRI DWW TRIILE T,

7.2.2.2 EHZREHFIE
7.2.2.2.1 /YT — MOSFET DZiR

FE N =228V T, MOSFET OB IRE 4T 537 2A—=21% F/h ALy a/LREIE Vg, 4 5t
Rps(on). 7 BEH—NERAT Q \ WREX v/ N\ H A Crgss KRV AV - — AR E T Vbs(MAX) T4, SEPIC Dv'—7
X%/faﬁ 12 A 35 %ﬁi)ﬂ LTRkdbnET,

Vswpeak) = Vin + Vout *+ Vpiobe (35)
TIN5 MOSFET 13, IROFKMU &= T HLERHYET:

Vbsmax) > Vsw(peak) (36)

=2y FEifiiL, 37 ZEHL TROLNET,

Aly + Al
lswieeak = ILiave) * lout * >
(37)
Ay FZWiiLHd RMS &, 2038 TROLILET,
lswrws =\/ |]SWPEAK2 - lswpeak (Al + Al) +w] D
(38)

7.2.2.2.2 /YT — 1 F— FOZER

— VB — VW EE AU TE LN\ =L A4 —RE BRI DM E R HVET, SEPIC Tl ¥ 1A —ROE—2%
Wil iX/f/?:@E —ZEIEFICIZRVET , X AA—ROF7IRBELE F/2 I — 7 EEI1L Viy + Vour T, FHE=
N R LIRIRR, T AA— R EWILH T ERICE LRV ET, ay e —F A —REBEOLET,
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7.2223 A28 08 L1 L2 DER

B R TTEE T — N A HERF T 2J01CA 02 74 L1 & L2 2 UNTEIRTHI21E, L FOARTA—ZE GRS D0 E DD
V)i—a—o

A2 OFEE L, 39 ML CGRHRTE LT,

DIOUT
IL1ave 1D
(39)
ILoave = lout (40)
aTEREFETDHEOOE 7Y — =2V 7 VERRICIL, MBS T R4 BLO KX 42 Z2FEHLET,
(Vi -V D
TR
(41)
_(Vy-Vg)D
2L, (42)
HECE R AT D720 S I > Ai/2 ZHERE T AL, 43 & 44 B ET,
(Vin - Vo)(1-D)
2|OUTfS (43)
s (Vin- Vg)D
2loutfs (44)
AFEIEZDOE—TEINIONTUL, 45 & K46 2L T, A F 7F B aFfiL72n L TLIESN,
- Dloyr + Aly
L1PK 1_D 2 (45)
Al
ok = lour+ N
(46)

IL1pk (3. BB AR CRIE SRR EILER SO/ NS DR ERHET,

7\7])/7/I/&Hjjj)/7/l/%1f%¥ﬂi‘§“57i&) L1 @1' %?& W/J’f J:Dj(‘gr<—‘9}*5 &753’(%1# =770, D||_1 i) |L1AVE
D 20% KiiiiedE, BV o7 Tk AR RIS MR ET,

L2 DfEEHESE R/ IMELD KRELT DL, A ZIROTZENTE, FEREL THAV YT VEIEMELET,
lout A|L2) ESR

AVour = ( w2,
(47)

ZZT,ESRIZ. AT O EEIHL T,

L1 & L2 BRICaT BIZ&NTWLGE L1 =L2=L &R0 %7, Lo T § T, A F 720 2% 2L ITEEHR
HEHEITIRVETS,
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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 - SN Level-1-260C-UNLIM -40 to 125 SSFB
LM3478QMM/NOPB.B Active Production VSSOP (DGK) | 8 1000 | SMALL T&R - 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 - 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—
LR ey R g T
o| |e e 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 OO 0O 0O 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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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
/
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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
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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
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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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