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FRAEE HI T-HEF7 10 -40°C 2 +150°C LARSSIR TR (Ty) ( BRAEAAMEM ) o S/NRRCRBREI 2 PR Bk R ge it Al ek 3

. JAUERIR Ty =25°C %#TB&HTH B HbrdE , S H . BRAESDA U, DU RMFER - Viy=13.5V,
VEN =5V, VOUT =3.3V, FSW 2.2MHz

25 WA BAME  HAUE  BONE| B
VeG-ove(F) PG i &~ B RIE FB HiE % ( " ) 103.6 106 108 %
VpG-UVP(R) PG K& FFEI{H FB HiE % ( FTIET ) 92 94 96.5 %
VeG-uvP(F) PG KR B BIE FB Lk % ( AT ) 90.9 93 95 %
tPG-DEGLITCH(F) PG B BT K 5 4% AE IR 44 52 81 us
tPG-DEGLITCH(R) PG LT BB Bk i I 2% AE IR 1.0 2.0 3.0 ms
VIN(PG-VALID) B3 PG ik B s/ VIN VoLpa) < 04V , Rpy = 10kQ , Vpy = 5V 1.25 \%
RoNpG) PG i Hfl Ipg = 1MA 165 420
FERHE (RT S )
fsw1(FPwM) FFRHE |, FPWM 21T RrT =15.2kQ , 1% 1750 1950 2150 kHz
fswa(FPwm) FFHRHE |, FPWM iz1T Rgt = 32.8kQ , 1% 900 1000 1100 kHz
F# ( MODE/SYNC 5| )
N FPWM ] VIH |3\ FPWM [¥] SYNC 5| il & 0.85 \%
B FPWM [ VIL 1B H FPWM f] SYNC 5| il H 0.35 \%
VH(MODE/SYNC) MODE/SYNC %t \ e L [ fE 1.3 \%
V|L(MODE/SYNC) MODE/SYNC #it \NAIG HL~F [ 4B 0.34 \%
TcLkINTON) B IR 2515 5 1 e /N A ikl 9 i 150 ns
TCLKIN(TOFF) AN IR 2515 5 1 /N Stk 0 i 150 ns
&L
Ros-on-Hs i FET 538 ey = 500MA , Vaoor.ew = .6V 35 75| mQ
Ros-on-Ls AN FET S8 fa b 24 50| mQ
ton-min 1 5T T AR (] lour = 1A, Vjy = 18V 30 ns
torruin (P S5 D (1] VN =4V 110 ns
HuoRlT
Teo SR KW R 1E 155 165 176 °C

R BIMA 156 °C
(1)  REE~MR.
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6.6 JLAURFE (52)

VIN=13.5V , To=25C (BRAEAE U ) « TEwimE AR .

3.35 75
3.34 7.3
3.33 o
7.1 7
S 332 mn //
> g 69 7
9 3.31 ° //
g 33 S G 65 b
3 329 == = | & A
3 % 6.3 A
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3.27 6.1 /"/
-~
3.26 59 =1
3.25 5.7
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Temperature (°C) Temperature (°C)
B 6-5. §arH s IR F 6-6. 3 zhATIA)
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— Rising
1.35 — Falling 1.04
S 13 1.03
E 105 1.02
2 1 S 1.01
£ 5 1
g 115 8
g S 099
S 1.1 m
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] 1
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6.6 HLAVERE: (42)

ViN=13.5V, To=25C (BRIERNE U ) o faEiRENAETIRE .

4 125
— Rising —— OVrising
3.75 — Falling 120 — OV falling
—— UVrising
35 ~ 115 —— UV falling
X
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9 g
- [
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S S 00
)
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7.1 MR
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A B — AT % MOSFET | & (EH AR5 6A Uit Fi. LMRG0460-Q1 i T 2 4 fu ¥
5/ B P O s T ST A R | LRI TR A AR R R LB . I8 5 At e TR 5 A
AT R S I, S 4%,

LMR60460-Q1 $2 (i Z R LRI Thfe |, A& a7 N FBRARIERE . ot 5| LA A e f Ik , D1 b RIS 7 6] A o v s e
BN, iz aE g R 2 g U B . AR VINGypr) B, 1Z ST 2EH FPWM JF5% , MBS
1 A7 B AT AR i P R A e N RIS S A O L R AR . O S AR T OE | IE AU LMR60460-Q1 7E 2% H T
Ja Z RIAH

HL AR I 1 224, 5T 30ns i FIEI (] , AI7E A NSl m g e bl | SROL T G PR M L PRUIs R A i N DL
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7.2 TRETTHEE]
EN[
Bias Reference [JVIN
1V %
Voltage
Regulator
Slope
Compensation
[ JBooT
RT[ }——
e HS
MODE/ 4 9
SYNC Oscillator
D—[:l SWwW
Switching Logic —
(¢ LS
|_
PG [ }—\

Power-Good ¢ ]PGND
Logic

Soft-Start
[ Logic

COMP
h
1V —+
FB Detect

7.3 FetkuiHd

7.3.1 FREFIX EHE (UVLO)

LMR60460-Q1 FA i fisfie M/ R Bk (UVLO) Tkl , KT AEOS A EN 311 b 00 Fi TR 8 E 1) b MR R oy
R LT, B L EN AT PGND 7l IR 1] Fh R 24 GUHE A ML EFHRUE Venmg ( B8 A
125V ) o iR Venrir) HIEHITHIE VINGy o) SIS , SERETFIE 1 7.3.2 tBTA MBS 2051

LA EN 51 BIAT PGND 51 2 A o IS PR = AL RE R AR BUAE Ven-th) TV (HERE ) BIF , EN ST 4
AET .

FB [

L
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VIN F1 PGND 2 [a] (1) B FH 70 s 1RO fZE#2 2] EN 51, AT FS28 VIN UVLO. B 5G , R S 1%
ANHJE | ¥ Rent FME , REHHHETHEN Reng. 1HHAH Reng /5, AIHE TSR S@ MmN B IE . BHE T
B EN BIHE , E2E 710 FER 1 M ER 2. WRAFE VIN UVLO IhEE |, 7l EN 5| EBERE]
VIN.

VEN — TH(F)
VINturn — off —~ VEN — TH(F))

RENB = ( X RENT (1)

RENT
VINtyrn — on = (1 + RENB) X VEN — TH(R) (2)

—

L e

VINtmeoff %78 LMR60460-Q1 %I ()4 A HLJE
* VINiyrm-on %7 LMR60460-Q1 Sl i {4 A HL T
VIN

o\

Rent

EN

Rens

B 7-1. f#F EN 5| K VIN UVLO

7.3.2 HKESYFMIEIEF R

LMR60460-Q1 i HJ 4 Jm 22K [ 11 J5 2l 393 180 it e e b R ORI LA o 903 Bl TR E Y B [ 72 9 6mis (AR
fd ) - HIfEfE LMR60460-Q1 #31F Jo F - A thim A7 AE L, i aefh th BB IEH s AT .

5 LMR60460-Q1 JEREHH 30741 , iEmE VIN F1 EN 511 e 06 21050 50 85 VINgyLowr)
VEN-THR)e EKEERMEIE | BBl AR | JF Bt A 6ms (L7 ) PR SIE K

2N FL B A PR B R LR P ORI SRR B RPN R S ERERA A RIS .
N HLIRSEINE , ot R IS LS 0 Bl 0 R0 AR [R] B0 AR5 3 0

L) - 55+
/ i 4
| EN (2V/DIV) {
ﬂ
VOUT (2V/DIV s
( ) #ﬁ, NI SN SR SN, S
PG (2V/DIV)
2ms/DIV
& 7-2. [EBER)R 3N
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7.3.3 L RT #THFELFE

JEFE RT 51BA1 PGND 1] (¥ i #3 F T-7E 200kHz #1 2.2MHz 2 [li£# LMR60460-Q1 [¥135 58 s JF A% .
BE RUFRAR RN LMR60460-Q1 7RIS IR AN Ia 4T I 48 FH A m] R A A [T SRR . A7 SR R A A el 52
M RAMRMEZER , HIESH 11 7.3.9. MH LT ARONPNS BOE ST R E RT #PHAE.

fi - (69.6 x 10‘9)
RT — SW

@)

2825 x 10~ 11

* RT: VIS (Q) AHALR R RT HFLE
o fow o LUIREE (Hz) 9 A RoR BEE mOT MR

180
160 \
140

120

100

80 N
N
60 AN

RT Resistor (kQ2)

40

20 = —

—

0
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Switching Frequency (kHz)

& 7-3. RT 57 RBIRE KR FR

7.3.4 MODE/SYNC 5|/

LMR60460-Q1 1] MODE/SYNC 5| {2 — AN A5, F Tk Beds s 17 CEek T AR 5 A MM i B4 2% [F]
B (RGN BB T, RT BASS R EITRLHE. 2% MODE/SYNC 5] &2, W 5% 5] it = BEFt
VRIREN |, WERE—A ERiel s h 2 CABT 1R Z 5 B = . AREBITHRAMEZER |, ESHT 7.4,

MODE/SYNC 5| JIF] i F- i 2 NS AT R i) S B a1 . = Mg AT BaUn] ik

« BIER  EROEME S ARSI RG] (PFM) 24T, AR5 B RT B 1k A B R R R AR . S S
7421,

* FPWM K : /£ FPWM AT, WA BT VINoypr) , —IRE T ERBEER | VPR IRE
RS RUERA AR | MRAE RV RLRIRIZAT . HIE SR 7.4.2.3.

* SYNC 8K : B B 5t in/E MODE/SYNC 51 Bl AMERAS 5 %) 55 AN 115 5 A A Z0 4% T 8K T RT
FLBEL S U B A . SRR B ) e BT UK T BEE T Vi ok » SNBSS BT 0N T BT Vi ke
HRERI B A ALY 6.1 s fit) MODE/SYNC 51 JIAE (B . B4 HL Il fE i FEET Y, JFEA
52 B R O TR 1) e L e I ) AR PR, IR b A0 a2 55 I 31 MODE/SYNC 51 IS 5 A ARILAC . 44%
AT SYNC #E5 |, St AR e FPWM B R Is T — ke 25 AR5 50, AT AT DAFE VAT SO o ™
UCHCiE %] MODE/SYNC 51 I AT

BAEBATH N Z MBI , BN AR SYNC (55, & 7-1 108 T Bk ik B
R 7. kAR R E

MODE/SYNC %A 5:¥
> ViH_FPwM R FPWM ) %8
<ViL_FPwM i RA B A R E
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R T R REERRE (£)

MODE/SYNC i\ R
[ SYNC MODE

WRATZAEBAT A Z MGV, s T R s, A SEBLE e i T X F HaniEat , x5
LA S PGND 8Ghi % V) ppywm LA T X T FPWM 55K, 51 IF 45382 RT 511, s i 4h il i R I8 4
) VIH_FPWM PLE. & 6.5,

7.3.5 FHH B IELFE

LMR60460-Q1 Fe ¥ H1 /" 45 LMR60460-Q1 (1%t it e e B O [ € sl i A, BARIUR T2 A7 4% 8 FB 5
FAVER) S B L BH 7 I 5 o [ o L P AR AR AT I A SR R S e . AR TEAME ., WE S0 5 4. WAL I E
WU, FB 9l BIAT B S i . FB Sl B B B 1) B BHAA N T 26 @ SRR RN [2] 3
YR BC o R TR T A R U TOUES AR 6 S 5 R BELES (Y IR IR S e AL 1100 Q o TR S 151
PHE Regr Ja . AT AR 2 sE SRS S 15 L 2% Reggo

VFB
Rppg = o—B xR 4
FBB = Vo — Vi < RFBT 4)

Hrr, Veg H N 1V,

FB

g Ress

— AGND

& 7-4. I Vour IR BRHLPHAZ B E

7.3.6 HERE

LMR60460-Q1 15 FH P /™ F 3 PR A K PR fill B2 A3t 25 Fm o o (40 8 R B FELUA o X S8 FRAEL AR v s MU AE FE VR FRAE (Is-Lim)
AU AR PRAE (Is.Liv)o HURES FRTIA R Iys.um f5 , @l MOSFET ¥ochr |, Kl MOSFET ¥2id , B3
RS IR s BL T o BCEAERT SEBUT MR L, HOVKERIR(E . BT S REITE lnsum
I sum 2 TETE0 4 DRIk A R B e I 30 X P A 2 TR )P 38R G SR B 7 K i oKt R e P
DA PR 2 BRAR . SR R PR RS 7S FB 5| B R PR 2 Vg BUR , 83K NIBTEiiat. Hid S
7.3.7.

LMR60460-Q1 H {1ty = ] B 7t B sl i o5 2 EL AR T AR AN, o SRR AT N R WA s S il et |, BB FaERE S
EE T 8 G O B IR T . BT ) v 0 PRI PR 1 1] 7-5 B

LMR60460-Q1 it s28l 7 H IR FR1E (ILs-neg-Liv) » PABR IR MOSFET A PAEANRIHR & . &2 i RE
J& , & MOSFET i,
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11
10.6

102 PN
0.8 N

9.4 ™

9
8.6 N

8.2 N

7.8 ™
7.4

High side current limit (A)

/

0O 01 02 03 04 05 06 07 08 09 1
Duty cycle

B 7-5. AV R AR IR 1 | ws.um 5 S22 H D BIBREOCR

7.3.7 B

NG IR S R I RN TR | R T R I AR AR A, LMR6G0460-Q1 #5444 2% i
LK) 85ms , 4R )5 LMR60460-Q1 38 i 0 B8 ST 4R B 5 384T -

LMR60460-Q1 7£i# /& LA T 254t 5 3k AN Wi 8212 174555
o BB 2 5E Rk
* FB 5 EMHEEREZE Vye LF

W i 47 A R R AE 2 AR T 50 F 3 5 BRI e 1, B30 255l a sh a0k FE R RS B AT 75 e A B B
WG |, S NBR B IE R A . BXRBEINEAER | SR 7.3.2,

7.3.8 HEIE D5

LMR60460-Q1 1) H 5 1E  The vl Fl T 78 4 H e s 48 O G BN A7 RS 3 8% | s B X R ot 4T
VRN P . ZThAe R — Ak That | EikAE PG 5] IR H ) B s BB 2 TR0 & — A Edr e B 2s sk sz B, Ak
FRZHEBRENEVGEE , BiESH 17 6.3,

TER R B 7 5 58 U5 LA RN LR BT & Vineavaupy AL, VR IE R A 2. 2 XA %S |, PG fI
GND 2 [8] ] HE EFE - R 2 S A TR B N . 28 E P E SRR R A T EE A, 2k
PSS RoREH BEAER RN . iZ8%E S — AP IGE Bk e 28, DU RS H AR b ) 24 B 08 ik b R
225200 PG 5| % .

FELLTREOLT |, PG SIS
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o M HERT PGOOD i L F 1A (VPG-ovrP(R)) HIFRFEEI ] 22 /0N teg DEGLITCH
o R R RERIRT PGOOD KK T FERIME (Veg-uver) FIFFEER E 204 tpe.pEGLITCH

TEH H i W 25 TR PG Sl R AR S |, PG 51 THL T A AU R FHK P 27> tpgpEasserT BURZT 2ms (i
UH ) o (Z:pul {PG-DEASSERT ZJG , W2 DL 2 — A RE bR PG 5|

o BBMREME IR | S AR T2 T PGOOD KR LTI (Veeuver)) » HF A ARFFIE K BT+
BIME (Vpg-ove(Rr)) LA T HIFFEERT E] 2004 tee.pEGLITCH-

o BRI | i AR AR 2K T PGOOD IR NI (Vpg-over) » I ELARFFIERIE T %
BIME (Vpguvp(F)) LA L FIHFFEER E 22008 tpe.pEGLITCH-

VOouT
A

Vpe.-ovPR)
Vrs-ovp(F)

VpG-uvPR)

VeG.uvp(F)

PG time

tpG-DEASSERT

High = Power Good -

Low = Fault >

— = — e— — e — Htlme

tpe-DEGLITCH tpG-DEGLITCH
tpe-pEGLITCH tpc-pEGLITCH

& 7-6. FLIEIE % BIE
7.3.9 B4

JEATT H A2 8 I 7 b AT [ 5 A AT 1 A B TR0 65 Rl P 20 SR S SR BRI AR S A% T U R 5 7R

% LMR60460-Q1 HIRZHAGH , 7] LLERAA i JEFF A JT S LA B iR A% 5 & 53 . LMR60460-Q1 K I %

P R E RT BPHASEALRE ST R DL 18%. R EERE | Lt LIRSS T |, RT HPHEs @71

B8 ST RAMZE R IR T TITR[ TIR

LR &S s A, i< A

1. HMERIH P hn#) MODE/SYNC i1 E.

2. TEAREINHE FIBATH , IR S PG, X FH DU ON B T AR

3. WBPE T AN RS - SR S B T EEE ton-mine

4. HEEHMERT | FEER AN ARE - M2EE PEM AR R | S kAEXMIT N, £ FPWMBERT
B SEA 3R, AT FIEsIRES .

7.4 S[FDRERA
7.4.1 87

FELL MR T, LMR6E0460-Q1 2 5% Wi A 22 K A 5 Fi iy LA S 442 BT %19 i B4 v AR A P 5K

1. ENAKT Ven-THR)
2. VINA{ETF VINyyLoR)

£
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3. 4l Tgp

FE, ERFMHEFIRR. A, PG TERKA %N BT V|N PG-VALID) AR FRIE SRS
7.4.2 TR

2 EN 5 M E EFHE Ventnr) BB BIAHBERET VINgyLoR) %ﬂ?ﬁfbﬁﬂﬁmﬁ%ﬁ , LMR60460-Q1
EtAk?I1£$%ﬁ i F LMR60460-Q1 115 fi] 5. /7 V5 2 ¥ EN %‘Iﬂiﬂ BT VIN , IXRE AT LLE Tt 0 4 % N\ FL S
i VINyyLor) I S2 B H R3] .

fiﬂzfiﬁ—l: LMR60460-Q1 4T LA Rz — -
S (CCM) @ FE R T B RSO I — 2, FF O ] 5
EZJJT%ﬁ BAFIZAT « B R S] (PFM) |, JF A AT 52 571 2 PR
FPWM H58 - 6 60BIEAT - COM Bt : 5B IS T H R 38 i el iy —
S I TA] - AE S N AR LR TR ORI S BRI DA ORHF R 5
FEREAET 2 BT A2 DL S K PRS2 b sl /)N N\ R -2 T ) e P et
7.4.21 BB EIT
% MODE/SYNC HJE(KT ViL(MODE/SYNC) > MAS 50 V7 B IR 28 FR A7 AE e ) LI — AR PE RO AR 1 B
(DEM). M i/ T HBER SR B — 0, &k 4 DEM. HEER RS S R EmESILL R 5 , LS FET
KWy, MRS HIRIREA LS FET Wik 8 . AR EMmABE FREEEFE , FENEEE. K5, did
VBN AR SEIAS I o X APIs AT 2ORR A ik A 2 i 1) (PFMY) BT

Vsw D= ton _ Vour
4 T tew Vin
Vin
@
>
S
o
> _ ton | torr o thicnz
Vol I~ -
out
0 [ T .

tsw

ILpk
I /\ /\
oug N -~ \ .

& 7-7. PFM #4E

£ PEM AT REAT |, 2% e A 4 ol T D OBl B S e, R AR A i A T b LR B/ I ELR A ﬁD%
Vour ERIZERMBE AT #Z , WA EAE Voyur Bt FPWM #2858k gD B BR i 8 - %W
i AN AR B A BN T 20 Vout H9 1%

Inductor Current

Vour
[} 1 Current
2 1% Above Limit
§ Set point
§_ Vour Set
g Point
0 Output Current Y lour

Bl 7-8. B3R T AR U S IR R R
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7.4.2.2 EHFEH (CCM)

7t CCM # , LMR60460-Q1 LAk ) (525t (D) Fi@ A &R m il (HS) FMEM (LS) FFo5 , Mifi $& e e 1% i
JEo {E HS JFox S , SW 51 I E Vow #EE1E KL Viy , HEES T L DR . HS JF2¢ i 2
WM. fE HS FFREHIIIA] topr , LS FFoRFT . HLUKES FEVRET LS oG |, X 25 Vaw BT LS JF%
P ) PR Bh B 7 DL R o B e B IR BRI o A EL AR FRIE E S LR . Dl HS JFRAETTF SR A A 1 5
T A E X

— Ton
~ Tsw (5)

FETIRFE R IR e et , D St i RELE , 54 E AU L

_ Vour

D=—— 6
VIN (6)
\(SW _ tov _ Vour
1 T tew © Vi
Vin
@
o)
£
g » ton =:tOFF=
=
7]

Inductor Current

& 7-9. ELFIEM (CCM) TH SW H FE Al L /RA% IR T
7.4.2.3 FPWM #4E

255 1 AR 58 P ) (FPWM) B0, R A O DRAFANAE . O 1 ORFFAIR |, Fo VA PRI B v L A i L i
S5 [ B B2 S5 i) P O R ) FEL R PR A 52513 715 6.5

Vsw _ ton = Vour
4 tsw Vin
Vin
o
o)
2 t
o { OFF
g - Lt -
=
7]
0 " >t
tsw
iL
E A
5
(6]
S
©
=)
S
£
A\

& 7-10. FPWM #1217

A8 PUR AR5 (S FPWM A

+ ¥ MODE/SYNC B #&i%EH: 3 RT 51
* {£ MODE/SYNC #il GND Z [Alfiti il KT Vinope/sync) FIFMER L
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o JEINE 4 AN B E S (1521 MODE/SYNC 7/ 15 )

16 0] e I 5 o S ) ) B A DC T I TR R AT 26 R, BEAE FPWM B0 FI84T |, SRS IRK | DMEERR /DN
R

7.4.2.4 555 5@ A

B S I )2 48 0 MOSFET W] LA 53 A /NN ) & o BV N/t eE R BE SRk Sl it [a) /N T 45 e AR % B
() B 5 S TE] ) BR tonemin » LMR60460-Q1 7] 5% H . LMR60460-Q1 3 i 37 3% T 45 2 5 S F: A ]

oA R L, RN GREF tonavin (-3 I8] , AT SEBLIE A . LMR60460-Q1 W] S 7 1 fie i 8 I 5] 09
30ns (($URUAE ) o {3 7R 7 T UGS AE E AR SR T B SE e 1)

_ _Vour
tON = Yy x foy (7)

Horr:

ton = = MOSFET g ]
Vour = it LI

VN = LPNGENES

fsw = FF A

7.4.2.5 k%

JEFEISATHOE SONARA 75 MR T B DLSEELI &5 o 22 LU RS N i R b . fE20 58 IR R T, Atz ke
RTINS 1R PR o A RNZEREE , R GRS SR | i s & R EE , W0 181 7-11 . LMR60460-Q1 At
VR LS T B TSR v T O T I [R] S B I B R SE RS, B AR B PT ( (E A RS FL . IR BV
FELJRK A LR R T K2 10us FOTIUE BRI 1) J5 , el aT BT a6 — B R . PRIt , — HL il TARFE SRR %
Wit Ia) , Fres o 2 IR AE P I SR T SEIL , AR TR LRSI E ., IR TR . fE% A H R
INE S BOE /S RSB T 7.3.2 TR USRS FERE N

ton . Vour

D=
o tsw Vin
Vin
o -
o torr = torr_min
8
S
= LON < tON_MAX‘
3 - >
(- >t
= lout * RosLs —
tsw > Clock setting
i
<
o
5
(@]
S
©
=}
el
< o0 >t

B 7-11. ERERIE
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8 N L

&iE

PAN B2 FHER 20 B AR T T ofies |, TI AR AR A e Rtk . TI B2 P 5 S o2 1
EEIHNE , PLURIRAEAMINR BT SeBL AR A R DI RE

8.1 MR

LMR60460-Q1 /& k[ s FLIL/ B AL e s 38 K S50 i 1) ELUAL PR S 40 N BRI BLIRU AL oK PO
N 6A. THEIR LN BiHid Ry LMR60460-Q1 L #Eyoftf.

8.2 LRI

8-1 7Rk I LMR60460-Q1 ML AN A LR o iZ 88 1F B AE S MANE T A RS BN IR TAE. & 8-1 1tk
HNTTHRR | R4 7 — e WRCE i s 2 oA

VIN
VIN BOOT —_l_
Ceoot
Cn 1L Cwwr_L_
T T T
Rent EN SW ! Y Vour
PGND — \ ICOUT
; | .
- LMR60460-Q1 Cr § — PGND
Option 1 Option 2 Option 3 Option 4 — PGND Resr
R R S e FB
O R
| | [ 1 | | R
: CLK : i Voo : : J_ : : : : Vro FBB
: : ! : : = : : L4 RT PG 4-,_
! " I PGND i !
| X | : X | R PGND — PGND
| — [ — , T tToToTo ?
'PGND 1 |PGND~ | L
"""" tTTTTTTo PGND —
— PGND

T 1 E AR FED | 7 B AR #hRZ) MODE/SYNC 5| i,

IR 2 7E MODE/SYNC 5| il it inid& 4 B % Viop , FITE H SIAE R FPWM B2 [E] B D1# .

T 3 # MODE/SYNC #:tth , LLfE A Mg 17 84F

LI 4 # MODE/SYNC #%#:3| RT , LAfE FPWM #3 Fig 47 8314

& 8-1. LMR60460-Q1 235 [F i

HIEZT 7.3.4,
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& 8-1. HEF LR
(iﬁ,"z“) Vour (V) | L (uH) Cour (kF)" | Resr (kQ) |Resg (kQ) | Crr (PF) Cin (»F) C(E,’,"F‘)’T Rrr (kQ)
400 3.3 [fE 3.3 2 x 47 e DNP DNP 2x47+1x0.1 100 86.6
400 3.3 "liff 3.3 2 x 47 100 43.2 10 2x47+1x041 100 86.6
400 5 [#H g 3.3 1x47 +1 %22 aRinE DNP DNP 2x47+1x0.1 100 86.6
400 5 A 3.3 1%x47 +1 %22 100 249 5 2x47+1x01 100 86.6
2000 3.3 [ & 1 1x22+1%x10 aRinEr DNP DNP 1x47+1%x01 100 15
2000 3.3 1] 1 1x22+1%x10 100 43.2 5 1x47+1x%x0.1 100 15
2000 5 [#5E 1 1x22+1%x10 aRinEr DNP DNP 1x47+1%x01 100 15
2000 5 Al 1 1x22+1%x10 100 249 10 1x47+1%01 100 15

(1)  HEHE
8.2.1 i ER
% 8-2 AL T VR B BB S8
% 8-2. BitsH

¥ {&
N HLER 12V (3.5V % 36V )
Byt LIS 3.3V
A H FEL 0A £ 6A
TP 400kHz
8.2.2 AR LT
8.2.2.1 FFi Rk

JEPRTT AT 75 BT e e WOR TR BT R ST o AR B TF AR R BN T R | I8 & SEBLE = 1 &R
GRR ., AL, Bm P FF SR AR Fo VR FH /0N ) R R3S Rl HY EE%F%E , RIS B BB 3 . TEARBI T
F T 400kHz. A% RT EPHSEFRFEAES , BiESH 4 7.3.3.

8.2.2.2 AT HA

FELRRE AP AT L AL R e 3 R B IO S 8. HRUBME R T AR 2518 A7 100 B B AR PO W1 1R IR ST AS Y, I e o ek
B th FIR K 20% % 40% JEH . TR, 2O EOR TR N T AT A R R AR BT IR B STBORIRUN , fE F Bok
et r. J7 A 8 T AT E P A A R . R K AR R FURR S FRIR SO T A b R B EHE K = 0.3,

ViN =V V
L= ViNn=Vour) . Vour 8)
fsw X KXIoyTmax = VIN

S T 20 2 R 3.4 1w H. SEFRRRIE( 3.3 1 H.

BUAETSOUT , AU EATEUE iR 240 5 @ IDT R R IR H] lns.um —HEK ( RIESM 17 6.5) o BRSHAT i fk
Bl 1 L S0 ) RSB AN MR, 2 RSB AT, ARCR BB AN AR R ARHME |, R B TR
W, BB ERIRIRE v B 7EFEAR AU R |, (BT H s 2 i R IR BT v P SEERAE AT
REFBUTIFIIR . A SCVFHRUBEREAT . SR BREAARML SRR RS A AR R A AR |, (R B 0
ﬂﬁ%ﬁﬁ’]ﬁui‘ﬁ% YA R BAT 20 AN, FRVRAE— R P BT AR IO AIUE FE AL . (EAE R T K TMHZ 1)
PR SRR RO BAT 2 MG AEARMTREOLT |, AR AT R JAL AN/ T 8 1) B K VA FL R FL A

A T3 RS O SR HH38E G IR 3 ) o/ FLSAE

Vour
Linin = M x —2UT 9
min fow 9
22 FER IR Copyright © 2025 Texas Instruments Incorporated
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Hrr:
M=0.18
8.2.2.3 HrHH A ASER!

LMR60460-Q1 #34 AW f it =0 il U7 8 70 1478 56 0 Bl 1 RGBS A e R R S8 1 & 44 F R 18 1T . AT
TEIBAT MR 4ERE AT 75 A4 HE o B R i m JL N s e RE R &R, 86

o FRZSIBATHAN K% H R S0

o ORAE R AR I Y E R A R R p

o kRN

ERIBAT AN, R ES A AR = A U . 1% = A R I ST I o Ml i R AR RR T BV EB 4 MR £
o MK HL A BIAS I B IR A% A I S 2R BRI BE (ESR) #5480 H ML RS0k . 3 R 10 SRAG %
S i HH HL 2 BT A DG AL 1) i HE PR S0 i

2 1
Vri = Al X [ESR* + ——m—— 10
ripple L \/ (8 X fauy X COUT)Z (10)

Hordr:
Al = LRSS r R I

A% 3.3V A1 BV Hay th rEUE R R SR L AE , ISR 81, RG] T AN 47 uF 2R R
Bawo AT H Al AR BE , AT LU WEBENCH fE Dy 4ay H o A8 AR A5

SRR i PR X D A T MR B AR B R AR R S A I AT R TR IR IE AR AT 45 E BT B
ITIE , L IURAAE R I 2 W 5E . B T T 75 B % e 4k, 507 it o ) /N R g e L A AR A B T
AR MR o InF 22 100nF S A /N 58 ROST B e v 2 o AR A B 1 0/ R JRs T Fi AR 2 A RO 52 (14
i HH ORI

K2 BB e A A PR A A AT N T AR SR A BIUE (E . 55 A A0 A PTGk (A AT HU A SR ORI ARG L i PEE B AT F I
PR, AR £ 8-1 BUE 16V XTR T LA 4 PR AU LR B W RAE A A0 FU R BRAIR . AR e iR
FERARAI A, MW RERR ZE LU H T 2 R A4S

8.2.2.4 By \ A SRR

MNEASRAAWAEZEIR - E 2> LMR60460-Q1 1R S N JE A N B R S0 . FL U2 kb v 4
MRS L IX A DR AT I O R A AR A RO S B . B D R P R R RN LR R E RN A AR
A R KNI P . 2B LUF R A .
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R 8-3. INHLARR

HLZS 38 EIUE R

% B HTANHT SR S AR R R 7 o AE BT I SRS LT, R e R AR T L A R P RE S
i LMR60460-Q1 #31F I E . (T E HERK A FEE . EmPUERRIRS5 | v R RAERET 0%
BRI T i U A S B K S RIS T I R G h 2RI RS, BRI T il 50V
B RAUE R, HoRA XTR BER I AT

1% HLA TS i N S0 L R o T S ORI A T AR RS o SR Cin R/, Hi N FRLUR T BB 21
BRI TR, ARIE RGLEMR LR M TIBITR E ARG . BN (T1) @i, 7£ LMR60460-Q1
Cin 2x4.7uF SR G IBEL , X T 400kHz ARSI | R 2 4> 4.7uF RIFBEEHEE ; X T 2MHz #9714
B WG 1 A 4.7uF BB AT . BTz A S E BB EE B IBIE 1T I R S 7R Rt
Je, BEUE T S0V sCERIAUE S, HoR X7R BEER I AR

CiN_HF 0.1uF

* 8-3 RN Cinwr M Con AEFT TR HN o W R TG 2 B A RS0, 61 JrfEal 11 w55
A RE , HASNT BRI

DX(l—D)XIOUT (11)

Ciy =
IN' = ""AVIN pp X fsw

Hrp:

D= IE;E[ZIS=VOUT/V|N

* lout= ELy T H R

* AV|\_pp = EMEIAHIA B S0
fsw = JF AR

FIAE A RE I 12 SREEE i A\ LR 45 1K) RMS HURAUEE , LABA ORBaT N\ PR 4% BE S 1R At AT S i it

1 Vour 2 2
[IN_RMS_max = louT X \/D X (1-D)+ 5% (m) x(1-D)"xD (12)

8.2.2.5 ¥ HAEE (CBOOT) &8

H 4 A% Croot EHAE BOOT Fil SW 5|z 8], Al MOSFET $& 4t f far o ZE BTN RVFEIE LT
iz AR I B R R T e fEiL LMR60460-Q1 A& . T @i — Mg HEE /DN 10V, F8E N 100nF KI5
J P AR A .

8.2.2.6 SCHRETAI N B IEH) FB 2 4%

LMR60460-Q1 A AL &y AL & 8 rT 8 e B B g 47 . STl ass A SisemEemtmE , AFHE
HrH R B E RS FB 5. M RE B A R R, A R FURN 2 v 2 R FRLBEL A IR RS DA FB 51 EIE A
ol SR B . AR 13 T o R AR R L .

REBT
VouT = VFB X (1 + m) (13)

o, WERC R AT Regr , ATEH] 725K 14 715 Regg MI1E.

VFB

VouT — VFB (14)

RrBB = RppT X

R, Regr 8% KM 100k Q . X TF Vour = 3.3V, FR AR Regg = 43.5k Q o PR BT (A FR v HLBH 2%
{f 43.2kQ ,
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8.2.2.6.1 FitR B 745 (CFF) £

FE T ZE R T R S E SO, ALK AT A 28 (CFF) 55 RFBT JFEAATE , LI Ml A5 PR REA IR B AR L
MRE . FEAE PRI AR AR BEAT SEURIN | A A 172 75 5 (L 1L P A5 M EL D) BT 4 B s HO &5 7 N2 T AR HA

e

8.2.2.7 Rpg - PG _-hiHifH SR

PG SIBIE TR, ARG . R, A 100k Q RS OR g B s o2 — MR F k. 47
KW PG 51 ER L ETEH |, 535S 15 6.3, HABEEREZ ( FIanThFe ) arshn b st iE S

8.2.3 W/ Hi ¢

CUNR G T 18] 8-1 s g . XL HALMi , (CLEAE e FRAEAA WY, LIRS : Viy

=12V, Tp = 25°C.

xR 8-4. ML Ik BOM

AA: B i LA WA
LMR60460-Q1 3.3V 400kHz 3.3uH, 6.5mQ HAHE 78 uF
LMR60460-Q1 5V 400kHz 3.3uH, 6.5mQ HAMH 50vF
LMR60460-Q1 3.3V 2MHz TuH, 9mQ HKAE 28 uF
LMR60460-Q1 5V 2MHz 1TuH, 9MmQ HFAME 26 F

(1) Cour # Bt i BB (1) P40 A ME
97 97
95 7 :Q % /1 ——
93 L A /] 9 4 - T
|- M ™~ 91
e il =] 4 = 89 /1)
5 89 z 87 I
5 8 = 5 % [/
T g — N1 & 83 i
83 al o []
— Vn=8V 79 — V|y=8V
81 — Vp=12v || — V=12
2 — VN =24V , — Vjy =24V
75
0.001 0.010.02 0.050.1 02 05 1 2 3456 0 05 1 15 2 25 3 35 4 45 5 55 6
Output Current (A) Output Current (A)
Voyt = 3.3V Fsw = 400kHz #2 = Auto Vout = 3.3V Fsw = 400kHz 1z = FPWM
& 8-2. %K - BN /& 8-3. B*E - FPWM &=
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98 98
i % —
96 g BN — \§§§
/’,——---\,—/ \ 94 7 — S —
94 maan ; = 92 —
— -l /1 [/ 1
S 0 il L 3 0 [ VA
< 4 <
N / Z 88
c 90 5 /
3 LK 5 8% [/
i 88 Bl 0 84 [
o Ll
-_ V|N =8V 80 -_— V|N =8V
84 — V=12V 78 I — V=12V
& — V|y=24V ’ — V|y =24V
76
0.001 0.010.02 00501 02 05 1 2 3456 0 05 1 15 2 25 3 35 4 45 5 55 6
Output Current (A) Output Current (A)
VOUT =5V FSW = 400kHz ﬁiﬁ = Auto VOUT =5V FSW = 400kHz *ﬁiﬁ =FPWM
& 8-4. BE - HEEN & 8-5. 2 - FPWM &=
94 95
92 AN 92.5
P\ A ——
90 90
Y/ 4 /’ —]
EE audliad 87.5
88 — 74 / /
A L\ LU 85
—~ 86 —— N < 4 —
8 g4l N < 825
> > : /
§ 82 L //'\ S 80 I / /
— | A -
2 80 f T/
o g w75
V'
72.5 I /
76 ’/
74 — VN =8V 70 ViN i 8V
— ViN=12V o75| |/ ——Un=12v
72 — VNI ST/ — Vin =24V
o IN = 65
7
0O 05 1 156 2 25 3 35 4 45 5 55 6
0.001 0.010.02 0.050.1 0.2 05 1 2 3456
Output Current (A) Output Current (A)
Vour =33V Fou = 2MHz Bzt = Auto Vour =33V Fou = 2MH2 Pt = FPwm
-~ 8-7. 3% - FPWM
& 8-6. R(% - EBIR Al 8-7. 3ok =
96 96
/""\ 94 —
94 — — —
92 / TN 92 // — =
R / / 90 =
90 ™N 4 4
[— N—" 1/ I 88 —
< 88 U /N S /
~ [ —— N~ > 86 l / /
c 86 c 84 74
g S [/ /
£ 84 = N S 82 ’ 7
w o —1 N Y W gq
M i N
80 — VIN =8V 76 I —_— V|N =8V
78 — Vin=12V 74 I / — V=12V
— VN =24V [T/ — V=24V
76 72
0.001 0.010.02 0.05 0.1 0.2 05 1 2 3456 0O 05 1 156 2 25 3 35 4 45 5 55 6
Output Current (A) Output Current (A)
Vour =5V Fsw = 2MHz B = Auto Vourt =5V Fsw = 2MHz i = FPWM
&l 8-8. BFE - HEIEN & 8-9. (&K - FPWM X,
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3.38 3.38
—V|N:8V —V|N:8V
3.37 — Vin=12V 3.37 — Vin=12V
3.36 Vin = 24V 3.36 — V|n = 24V
s 3.35 \ s 3.35
S 3.34 g 3.34
k) k)
S 333 9 333
3 3.32 3 3.32
=] = —%
O 3.31 O 3.31
3.3 3.3
3.29 3.29
3.28 3.28
0 05 1 15 2 25 3 35 4 45 5 55 6 0O 05 1 15 2 25 3 35 4 45 5 55 6
Output Current (A) Output Current (A)
Vour = 3.3V Few = 400kHz M2 = Auto Vour = 3.3V Few = 400kHz Kkt = FPWM
&l 8-10. SEFNLEE AT - B &l 8-11. S EML T - FPWM A5
5.05 5.05
_V|N=8V _V|N=8V
5.04 — Vin=12V 5.04 — Vin=12V
5.03 — V|N =24V 5.03 e V|N =24V
< 5.02 < 5.02
g 5.01 S, 5.01
£ g
g 5 N g 5
E._ 4.99 E_ 4.99
p=l p=l
O 498 O 498
4.97 4.97
4.96 4.96
4.95 4.95
0O 05 1 15 2 25 3 35 4 45 5 55 6 0O 05 1 15 2 25 3 35 4 45 5 55 6
Output Current (A) Output Current (A)
Vour = 5V Few = 400kHz Kzt = Auto Vour = 5V Few = 400kHz Kizt = FPWM
TR - S e
B 8-12. ML T - BIIER & 8-13. ML T - FPWM X
3.38 3.38
_V|N=8V _V|N=8V
3.37 e V|N =12V 3.37 — V|N =12V
3.36 — Vin =24V 3.36 — VN =24V
< 3.35 < 3.35
() [
E’ 3.34 \ E 3.34
2 333 2 333
E_ 3.32 E_ 3.32
p=l p=l
O 3.31 O 3.31
3.3 —— — 3.3 I — = —
3.29 3.29 ——
3.28 3.28
0 06 12 18 24 3 36 42 48 54 6 0 06 12 18 24 3 36 42 48 54 6
Output Current (A) Output Current (A)
Vourt = 3.3V Few = 2MHz Kzt = Auto Vour = 3.3V Few = 2MHz Kzt = FPWM
&l 8-14. HBMLERIAT - B3I & 8-15. S BMLLERIATT - FPWM £
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5.04 5.04
—V|N:8V —V|N:8V
— V=12V — V=12V
5.03 — Vi =24V 5.03 — Vi =24V
\
2 5.02 \ 2 5.02
(] [¢]
8 5.01 8 5.01
2 5 z 5
3 R — 3
O 499 — ; O 499 §‘\\‘§:f‘\\\
\ \\\\
4.98 4.98
4.97 4.97
0 1 2 3 4 5 6 0 06 12 18 24 3 36 42 48 54 6
Output Current (A) Output Current (A)
Vout =5V Fsw = 2MHz R = Auto Vout =5V Fsw = 2MHz iz = FPWM
&l 8-16. SFFLERIFT - H3IENK &l 8-17. SEFLER T - FPWM A&
3.4 5.2
3.3 /f / 5 / }:’Q
3.2 4.8 A
2 Vi = -
(0] . [} .
§ 3 / / é 4.4 ///
g 209 g 42 4
e ] //
2.8 4 A
/ — lout = 10mA / — lout = 10mA
2.7 — lout = 3A 3.8 /’ — lout = 3A
— lout = 6A — lout = 6A
2.6 i 3.6 i
3 32 34 36 38 4 42 44 46 4.8 5 4 42 44 46 438 5 52 54 56 58 6
Input voltage (V) Input voltage (V)
Voyrt = 3.3V Fsw = 400Hz #2 = Auto Vour =5V Fsw = 400kHz 13X = Auto
& 8-18. [E [ 4% & 8-19. [EF 2%
3.4 5.2
3.3 /, gg 5 // /
3.2 L 4.8 a A
s\ /// S 6 e
o O o 4. 7
s 3 / / g 44 7/’
g 29 8 42 ,///
e} / e} /
2.8 4 // /
/ — lout = 10mA / — lout = 10mA
2.7 — louT = 3A 3.8 A — lour =3A
26/ — louT = 6A 36/ — lout = 6A
. 3 32 34 36 38 4 42 44 46 4.8 5 . 4 42 44 46 438 5 52 54 56 538 6
Input voltage (V) Input voltage (V)
Vour = 3.3V Few = 2MHz B = Auto Vout =5V Fsw = 2MHz 3 = Auto
&l 8-20. [E[# £k B 8-21. R HiZ%
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|— V|N=12V

Output Current (A)

55 65 75 85 95 105 115
Maximum Ambient Te mperature (°C)

Vour = 3.3V Few = 400kHz

125 135

LMR60460QEVM ,

LA

Bl 8-22. i i LI 5 BRI SEIR S [ IR R &

LMR60460-Q1
ZHCSYM4B - JULY 2025 - REVISED DECEMBER 2025
6
\ — Vour = 3.3V fixed
Z 55
=
<
[
g 5
k=]
3
3 45
3
o
>
£ a4 S
-\\\\
3.5

3 6 9 12 15 18 21 24 27 30 33 36
Input voltage (V)

Ta=25°C

&l 8-23. AR THRAHHSHAMSMABEZ RIKIRR

LMR60460 Ven = ViN

Output voltage (ac) i il

. T ( !
200mV/div | \“

Output voltage (ac) A
200mV/div

Vs

Output.-current ! \

Output current , |

2A/div | | \ 2A/div \ |
50ps/div 50us/div
VN = 12V Vour = 3.3V FEZ = FPWM Vin = 12V Vout = 5V i = FPWM
Fsw = 400kHz lout = OA % 6A Few = 400kHz lout = OA % 6A
& 8-24. BHES & 8-25. i EA
Oufout valtige (ac) S T (e RO STV R A A el T LT RCIE R SRR SR
A T Output voltage (ac)
200mV/div | J\a.__ 200mV/div j/\\_
‘\‘ o \
f \
| \ |
Output-current \ Output current | \
2Adv | i \ 2A/div j’ t ‘
I 50us/div 50us/div
VN = 12V Vour = 3.3V R = FPWM Viy = 12V Vout = 5V i = FPWM
Few = 2MHz lout = OA % 6A Few = 2MHz lout = 0A % 6A
& 8-26. fiH A B 8-27. i S

Copyright © 2025 Texas Instruments Incorporated
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" Switch—g\z;/dg voltage (r‘ fﬂm—-_ ‘m—....... r‘—.m [ - ‘f""
div JW
. i Switch-node voltage
W’M Nm ! ‘ V/div
ki Output V"Itage (ac) I : ‘ ‘ \ ( \ :
7 [ SOMVIAY e ﬁ WM #WMW MMM MW<
Pe—— I Output voltage (ac)
I : ! i : - 20mV/div
A‘ ’\ lndu?z;dﬁ“rrem I "‘\ I W—M‘"ﬁ MWW"‘"“‘W
\‘ ] \f I Induc:t?;’.(:‘ljr ent
Tusfdiv o Tps/div
Vi =12V Vout =5V 150 = Auto Vin =12V Vour =9V Bzl = FPWM
Fsw = 400kHz lout = 50mA Fsw = 400kHz lout = 6A
&l 8-28. FaAS T R Aa HH B I BUB ] 8-29. FaaSTT ORI At FL R S0
] Ven (20V/div) . ) ] e (20V/div) |
Inducitz;dciu rrent i p Indu{gz;c:i:rrem
1 Ve (5V/div) | ’ Ve (5V/div)
N\ P
Output voltage \. / Output voltage
/ 2vidv i S, 5ms/div / | 2Vidiv 5ms/div

VN =12V Vour = 5V iz = Auto Vin =12V Vour =5V X = FPWM
Foy = 400kHz lout = 50MA Fay = 400kHz lour = 6A

&l 8-30. 7 50mA SR & M T LB B AN S il & 8-31. 7E 6A TiEAMF T PR SIS 21

I - osMHz | tambz AT A : E

RN R e SR
! 5A/div : ‘ ‘ i

I i ! SYNC s.ignal 1

L L i i - 1Vidiv Output voltage (ac) |

i ! i ; _200mV/div 7

| Outputgvoltage L % 1

2Vydiv ! ;
- L | ] % d
| 50ms/div I N N ~ 2psidiv
Vin = 12V Vout =5V it = FPWM Vin =12V Vour = 3.3V lout = 6A
Fow = 400kHz lout = 0A Fsw M 0.8MHz Z%4 1.4MHz
& 8-32. 5EHITH [/ 8-33. SYNC it
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4MHz ‘ 0. 8MHZ

! «H*1 ﬁHﬁ*
; WMWWWMW WWWWJW
s ! SYNC signal
i, i 1Vidiv Output voltage (ac)
’ . e
S
| |
L
‘ i ) o L 2ps/di\(
VIN =12V VOUT =3.3V IOUT =6A
Fsw M 1.4MHz 754 0.8MHz
& 8-34. SYNC iR RA
ViN =12V Vour = 3.3V Fsw = 2MHz
IOUT =6A EMI 83 3%
&l 8-35. 5 EMI 55 CISPR 25 [RfE (M€ : I&ME(E
g, & FES)
50 - —
Class 5 Peak Limi
45
40
35
E 30 _ ,
S Class 5 A\{(G Limit
& 25
2 20
R %
E, 15 WA l o
10
5 . l "
Ne——/ ™ hh
0 M e TN
5
Vin =12V Vour =5V Few = 400kH 0.15 05 1 5 10 30
N I(?ij:: 6A EMI ‘Jﬁ*“))ﬁ%&z Frequency (MHz)
— AVG Level — Peak Level
&l 8-36. /55 EMI 15 CISPR 25 [R{E (M €2 : I&fEfS
Vin = 12V Vour = 3.3V Few = 400kHz

o, 8 THET)

lout = 6A

& 8-37. (&4 EMI ( B4% ) 5 CISPR 25 [RAEXTH:
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45 : 45 :
40 Class 5 Peak Limit 40 Class 5 Peak Limit -
35 35
30 — S— 30 E—
E 25 E 25
S I S I
Z 20 Class 5 AVG Limit Z 20 Class 5 AVG Limit
o O
= 15 = 15
9 ¢
o 10 o 10
5
0 N 0
_5\/\ ANNA A _5\/\ s L
-10 -10
30 50 100 200 30 40 50 60 70 80 90100 200
Frequency (MHz) Frequency (MHz)
— AVG Level — Peak Level — AVG Level — Peak Level
Vi =12V Vour = 3.3V Fsw = 400kHz Vin =12V Vour = 3.3V Fsw = 400kHz
lout = 6A lout = 6A
& 8-38. 484 EMI ( XUE/K-F ) 5 CISPR 25 fRAEXTHL | & 8-39. 4E54 EMI ( XU H ) 5 CISPR 25 [RENTEL
45 - 45 =
40 L 40 S —
35 — 35 —
30 Class 5 Peak Eimit —_ 30 Class 5 Peak Eimit —_
E 25 E 25
> Class 5 AV! > Class 5 A
= 20 e g 20 L
O e
;0’ 15 w % 15 -
> >
& 10 Ao & 10 NJ\/\N)MW\
- -
0 e 0 et
[V P
-5 -5
-10 -10
200 300 400 500 600 700 800 1000 200 300 400 500 600 700 800 1000
Frequency (MHz) Frequency (MHz)
— AVG Level — Peak Level —— AVG Level — Peak Level
Vi =12V Vout = 3.3V Fsw = 400kHz Vin =12V Vout = 3.3V Fsw = 400kHz
lout = 6A lout = 6A
&l 8-40. 385 EMI ( XAEUEHKF ) 5 CISPR 25 [RME | & 8-41. 375 EMI ( M EAHFEE/KF ) 5 CISPR 25
=4 PR EE

32 MERXFIRIE
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2.2uH
IN+ O LYY YA O VIN
_|22pF | 22pF _|22pF | 22pF | 47pF
T T T T 7™
IN- O O GND

8-42. HEE M EMI JEH 33

V|N =12V VOUT =5V st = 400kHz
lout = 6A

K 8-43. EVM itk fg

8.3 HLJFAHEN
BN FLUR AR VR L 2T B A B R TP ARG . UL, BN IR ATRE RS ) SRR TR B SR AL T A AR N AL, T B
A PR A FORM ST 2 N L

_ Vout Xlout
IN=—Vyxn (15)

Hor
n SRR,

IR AR ARl I K AL PCB A ZE SR ra i, U5 245 R, DLSCBL RGP IERE . S\ RS0 & A R
AN AT BE 20 AR 2R RIS AT A R . W /RS ESR MR N AL &, "R MURFLE iR B
B, W E A s 5 (0 A\ o 7 AR s A o 2 S B R AR it 2 e R, Ay AR B 2 2 VIN SR E RS TR
B n RN AR R BGE MmN L, LR B S BUR IS 3 N SR AL AR g SR AR, Sl ) 70
T2 PR N PR S AR AR IR A BE I, B B2 R B i N A e S M R A A R . IX SRR P A
A4S ESR A Bh T4 N R F B T Js AT AL b . 20uF A2 100pF i P9 1 fECE R AR BRI, IF
AT By R A A A ] DR i A\ L S A

B, BT RGERFD, ARESIAE M AJERN . RIELDRE0RTT , BTSSR
ELA N ETRR B — Y5820 . AN-2162 : FHAF A E i B R F 2519155 EMI 1587 N0 3244t 7 — S8 F [ 7
SR 5 % BT 4 N TR IR 2 IR 1 S L o

FESLRERE LR | A2 R SR A N i A FF % 25 B R 01 38 (TVS)e — KL B 4% /2 /iy e (a8 ) o Tl
AEWE A BA SRR, 2 TVS AR, AR ERBREARERAE. R ZE S /DT R84 H &
JE, DU HY R 2R S o R [ S NS R o RPN 2 4 ] B FE IR T B S iR B A .

8.4 fiJF

8.4.1 Hi /75

] IR/ B IR 825 1) PCB A /i x T2l it e S &8 22 E T . PCB M8 B Al e SR R A ) iF
H R IR G s AT R R . BIfE R e gs IR , PCB fi @A Btk E @ ) 5t o KA =, sk, fa

JEAS1) EMI PEREEARRAZE L HURT PCB i s fEFF L Heds | o) PCB Ihfgd — el M\ i
AR B IR | QI 8-44 PR MR BORBRAS L , EATZE BRI R Al e E KBRS HLE . IX
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e B (IR S H I S IO AR O IE W AT . BRI, I RO 2 058 LA, JF IR E T A U T RE A
DABRIR AT AR HLEK . ] 8-45 E7R T LMR60460-Q1 JSH o i i AT /i o

o JFIA AR ] EGEVT VIN 1 GND Zif 7l B -

« KX Cgoor BB #EH A2k, 1 Cooor AN EIE R REFEIT 2SI B | I8 A/ %6 A R IE 2
BOOT A1 SW 5|,

o HERGEE AR A GEFEVT A FB F1 B E . ¥ Reggs Regt M Cep ( WNRAEH ) FEVBE EEEIT 284F A .
L5 FB A GND M4 b 240 H AR 2840 AR Ee5] . B Vour WIEE TR K —1, (B2 , MIKIX—%
R AT LA B AT ] B AR A B R 28 S R AR F e A YR (51 SW T AT ) BRI

o BYGH A — M R E AR . FE TS 2 B R AR AE

« HVIN, VOUT # GND #Z{7EE 7. FiX Lo 4% RURT (5 A EL 2% ]y /b 7 e s g N\ B0 HE B A% 1 R4 AT R R
B, JEHE KPR FE LB R

o JEHLEWEAHT PCB [HIF , LISEHE 5T W AEAR A L% K, DU OR SEIR-S f R 7 48 F i A A 358 Ui P
AIFRIIE R g yp. PCB THZERRE LKA 2 #78 , HEASNT 1 %5 . H PCB Wit fHEZ A2 (&
W), BT LB AT DO 2 N JE BB T .

o REFECDHIFFEIN . R SW 5| IS H JEe3s  [8] A A XU nT BE R HL v o (RIS, A0 B R P b /N e 15
FTAR | DA Bh AR AR 5 EMI.

BHxRHAMEEIER , IS HLLT PCB & ¥R -

o IR LA R E R ST

* AN-1229 SIMPLE SWITCHER® PCB 7 /7755 F F it

o WEBIEZ AR F T

s [T/ LM4360x 5 LM4600x it 14541 EMI 4 /e N Tt

CIN —— SW — Yy

&l 8-44. BAREHH I FEF B
8.4.1.1 Eedth RBHERE R EH
an ERrR, TH U — AR EE NS00 2 . B2 n] O BUR A R AT R BERCR 75, 38 R 45 ] R R SR it
i B AT . PGND 5| 12 2 A 3% MOSFET JF G HIVR MG o 1251 06 251 4 2 2 B iy N AN 1 P25 408
fFrfcthii . PGND RIFETT SRMIAR T2 A, 2 PR G 3R AT e
TI B IC (1 PGND 9 1 Z AR AR, AT AE #1178 70 Bk o BRI AL A ZiT8Y S M 70 Aii /2 PGND 51T
Tie RGHEME. TUZMEE KB |, B T8 TV @ Y Z gt , 5 ( NTZTTR ) ki
N i 20z, 1oz, 10z, 20z, FAT LM 5 ANIE 2445 J& A 26 00 DU J2= R i ARCRT SRR AL i A% S BT 38 24 19 5 e AT
AR FABH
PCB &t it B
* AN-2020 #4ikif . FELNETEHL , A HF i E N T
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o SPEEAR LT ES SESLI T A EE BRAT i A 26 75 S
o EELEFIIC HFEFTFER N T
1E/1] LM43603 71 LM43602 &£ #i#11 N FH Tt
*  PowerPAD™ #itt s 741 4E N FH =it
*  PowerPAD Made Easy [ JT] fajfi
(& F TG #r N T

8.4.2 At

Kl 8-45. TJ 5% H iR A

8-46. BEMMA T H B ERE EVM i/
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9 FAFAISCAESCHF

9.1 BT Hr
9.1.1 BE=77= B A FHFEH

Tl KA 558 =75 77 S BUIR S5 RIS, AN RER R 27 il BUIR 55 BRORIE & FH A SS B AT , ASRER It
7 i B 55 BB S AR AT T1 7 i I 55— R s BA T .

9.1.2 B Z AR

K 9-1 7R T LMR60460-Q1 HIZsF a2 M . B RN AR o] S |, 15

ST 4. WG TR AR T A VRN

BRGSO, WA TSRS TI ) E2E SCFFigds ; ST RG] .

LMR604 XX X X VBCR Q|1

OUTPUT CURRENT MAX FIXED VOUT SPREAD SPECTRUM

|

] l

PACKAGE AUTOMOTIVE

. !

41: 4A 1: 1.8V S: Enabled VBCR = WQFN-FCRLF GRADE
50: 5A 3:3.3V No Character: Disabled 9-pin large reel
60: 6A 4: 3.8V

5: 5V

& 9-1. AN

9.2 M3 HF
9.2.1 IR ES
ARAFAHRIR , ESH LT NE

AR (TI)
HEMAXAE (TI)
HEMAEE (TI)
FEMNACES (TI)
HEMAAE (TI)
TP ACES (TI)
AR (TI)
HEMAXAE (TI)
A ES (T1)
, AN-2020 #igil : SZ25E800L , M 7 & S FH

, AN-1520 S} ZEA2 7 F 55 ST 17 (A BH 14 1 H 55 B A7 Jed A 26 75 B N -t
, AN-2162 : J2 15 E e EL R B IR FE a9 145 EMI []8 i FH F 1t
HEMAXAE (TI)
HEMAAE (TI)

HEPNACES (TI)
HEPNACES (TI)
HEPNACES (TI)

AN-1149 FF I/ Ji A7 fed 75 L A F- Wt

111 LM4360x 5 LM4600x /71 15751 EMI 77/ N Tt
P HJR2 A7 e 1 HI T 2

AN-1229 Simple Switcher PCB 77 /%755 . T/t

(&S FT A i N T

PowerPAD Made Easy™ i F/iit

PowerPAD™ #1875 7 #1 % N H F 1}

L LM43603 7 LM43602 it £ it N FHF
FEZLEAIC HLEATG IR N TF M

LM53600MAEVM 71 LM53601MAEVM H /= {5
LM53600NAEVM #1 LM53601LAEVM H 15

9.3 B FE HTE AN

SO EOFRE A , T SR ti.com LRSI S OCIER . st @A AT BVR] AR i A S A
o AREUWEAE LS 5 SR E O SO RS BB ik

9.4 TH®HIE

TIE2E™ PO itin R TRIMMEESE TR, W HEN TR ARG IE ., L BiEf@s Mt &, @R
BUA ff g el QU e, SRAS P s (RO e vk 35 B
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BN AR S TTERE “IZIRAEY Rt XREENFEIEAMR T FEARPE | HHA—@ R TI P ES 15

T Bfd FH 20K

9.5 s

HotRod™, PowerPAD™, and TI E2E™ are trademarks of Texas Instruments.

A mAs I S B A & e

9.6 FHLK B
FRELCE (ESD) SRR AN R F M . FE N AR (T1) ORI IE 2 (1) T s AL B BT A7 SR A LB o SR AN I8 < TE A () b 3

A FIZBRR | T RE S R S A L -

m ESD MR /N E SEUNMAOTERERE S , KRR . A% R T RE 2 5 Z 2B |, XEF VAR MM

R ] B2 T EUARF 5 R A IR AN H A

9.7 RiE%R

TI RiEE AARVERGIHHMRE TARE . B R4 m A .

10 BT P SBid

T BURTARCAS B TR AT A8 55 24 B hiCAS () TR AN [R]

Changes from Revision A (October 2025) to Revision B (December 2025) Page
LI b 7O N N = S Sl B < o R 1
o AE 779.2.1 TPEEH X SNAUT90 1 SNAUAT HIGI L oo 36
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REEL DIMENSIONS

Reel
Diamete

v

t Reel Width (W1)

r

|

TAPE DIMENSIONS

[ KO [« P1—
olo & oo & O & T
o 0 & BOVlV

Cavity

Thole

A0

Dimension designed to accommodate the component width

BO

Dimension designed to accommodate the component length

KO

Dimension designed to accommodate the component thickness

Overall width of the carrier tape

P1

Pitch between successive cavity centers

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O O O O

Sprocket Holes

I I
T T
Q1 : Q2 Q1 : Q2
7777777 777T77 B . .
Q3 | Q4 Q3 | Q4 User Direction of Feed
| W 4 | v
T T
=
Pocket Quadrants
g 2% B el sPQ kg {gﬁ“ A0 BO KO P1 w Pin1
il = B2 (mm) ) (mm) (mm) (mm) (mm) (mm) SR
WQFN-
LMR604601SVBCRQ! | o ¢ VBC 9 3000 180 8.4 225 238 1.1 4 8 Q1
WQFN-
LMR604603SVBCRQ1 |  Copi ¢ VBC 9 3000 180 8.4 225 238 1.1 4 8 Q1
WQFN-
LMR604603VBCRQ1 FORLF VBC 9 3000 180 8.4 225 238 1.1 4 8 Q1
WQFN-
LMR604604SVBCRQ! |  op ¢ VBC 9 3000 180 8.4 225 238 1.1 4 8 Q1
WQFN-
PLMR604605SVBCRQ1 | op ¢ VBC 9 3000 180 8.4 225 238 1.1 4 8 Q1
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TAPE AND REEL BOX DIMENSIONS

G i ESp Sl Qg2 Bl | SPQ | K (mm) %% (mm) HiE (mm)
LMR604601SVBCRQ1 WQFN-FCRLF VBC 9 3000 210 185 35
LMR604603SVBCRQ1 WQFN-FCRLF VBC 9 3000 210 185 35
LMR604603VBCRQ1 WQFN-FCRLF VBC 9 3000 210 185 35
LMR604604SVBCRQ1 WQFN-FCRLF VBC 9 3000 210 185 35
PLMR604605SVBCRQ1 WQFN-FCRLF VBC 9 3000 210 185 35
Copyright © 2025 Texas Instruments Incorporated FER PRI 17 39
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VBCO0009A

PACKAGE OUTLINE
WQFN-FCRLF - 0.7 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

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. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
WQFN-FCRLF - 0.7 mm max height

VBCO0009A

PLASTIC QUAD FLATPACK - NO LEAD
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SCALE: 30X
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EXPOSE ~__ EXPOSED/ ~__
METAL SOLDER MASK METAL | | SOLDER MASK
OPENING ! : OPENING

SOLDER MASK

DEFINED
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. 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.
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EXAMPLE STENCIL DESIGN
WQFN-FCRLF - 0.7 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
o
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(1.126) o
|
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 30X

PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE

PADS: 1 & 3:91%
PAD 2: 84%
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
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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 ©)
@ ©)
LMR604605SVBCRQ1 Active Production WQFN-FCRLF 3000 | LARGE T&R - NIPDAU Level-2-260C-1 YEAR -40 to 150 65SQ
(VBC) |9

@ 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 TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI 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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g PACKAGE OUTLINE
VBCOOO9A WQFN-FCRLF - 0.7 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

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. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
VBCOOO9A WQFN-FCRLF - 0.7 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. 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.
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EXAMPLE STENCIL DESIGN
WQFN-FCRLF - 0.7 mm max height

VBCOOO09A
PLASTIC QUAD FLATPACK - NO LEAD

o

—~ ~ O
g & 5 & S5
d S ig e 8 o S 4
> < & < S e x 2 <
(s0] (V] = N O = N = o

8
3X (1.451) S

—

=

(1.126)
1
(0.928) - —
METAL UNDER —
SOLDER MASK
|
(0.41) \
R S s
| | t
0.000 PKG ¢ 72%— -— —(/Jr]— —_- «Ef — -t
| 7
T T
e |
SOLD&EE“WE @ i == —— (0.525)
I N S L——P 4X (065 |
2X (0.345) (0.928 —t - — -
(0.345) (0.928) } N E— jE—
N\ T j r—
(1.126) ‘ 5 L 2X (0.2)
3X (1.451) N ﬂ
2X (0.21) J» 2X (0.3)
4X (0.25)

PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
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PADS: 1 & 3: 91%
PAD 2: 84%
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls
design recommendations.

and rounded corners may offer better paste release. IPC-7525 may have alternate
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