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ORDERING INFORMATION

Ta LOAD CURRENT PACKAGE(™ PART NUMBER
SOURCE Plastic HTSSOP (PWP) TPS40060PWP

—40°C to 85°C
SOURCE/SINK Plastic HTSSOP (PWP) TPS40061PWP
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ABSOLUTE MAXIMUM RATINGS
BICEBRD B VERY | BYERERED

TPS40060
TPS40061 UNIT
VIN 60
VFB, KFF, SS/SD, SYNC —0.3t06
Input voltage range, VI —0.3 to 60V or VIN + 5V
sw (whichever is less) \"
SW. transient < 50 ns 25V
Output voltage range, Vo COMP, RT, KFF, SS -0.3t0 6
Output current, loyt RT 200 uA
Operating junction temperature range, T, —40to0 125
Storage temperature, Tgyg -55 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260
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RECOMMENDED OPERATING CONDITIONS

MIN NOM  MAX UNIT

Input voltage, V| 10 55 \"
Operating free-air temperature, T —40 85 °C
PWP PACKAGE(3)(4)
(TOP VIEW)
KFF C1]10 o 16 11 ILIM
RTC2 | _: 15 713 VIN
BP5 I3 | | 143 HDRV
SYNC I} 4 | THERMALl 13 11 BPN10
sGND L5 | PP | 12T sw
ss/sb CI]6 | | 113 BP10
VFB 17 L__ _ 1 10[I1 LDRV
COMP I8 9 11 PGND

(3) PWP/Sy o — S DA IERIC DV T BTIZF 72 H b7 1) — T XHBEESLMAC02 # BB L T £ &L,
(4) PowerPAD™MD E — k- X5 7 I$SGND(BE > )ICHET B3 /. E /-1, DR E > EERIICIEEL T30,
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ELECTRICAL CHARACTERISTICS

Ta =—40°C to 85°C, V|\ = 24 V., Rt = 165 kQ, Ripr = 182 kQ, fsyy = 300 kHz (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
INPUT SUPPLY
Vin Input voltage range, VIN | 10 55 \%
OPERATING CURRENT
Ibp Quiescent current | Output drivers not switching 1.5 25 mA
5-V REFERENCE
Vaps Input voltage | 4.5 5.0 5.5 Vv
OSCILLATOR/RAMP GENERATOR
fosc Frequency 270 300 330 kHz
Vgeavp PWM ramp voltage(!) 2
ViH High-level input voltage, SYNC 2 Vv
ViL Low-level input voltage, SYNC 0.8
Isyncg  Input current, SYNC 5 10 A
Pulse width, SYNC Pulse amplitude =5 V 50 ns
VRt RT voltage 2.32 2.50 2.68 \"
Maximum duty cycle Veg=0V, 100 kHz < fgy <1 MHz 85% 98%
Minumum duty cycle Veg20.75V 0%
Vkee  Feed-forward voltage 3.35 3.50 3.65 Vv
IkFE Feed-forward current operating range(!) 20 1100 uA
SOFT START
Iss Soft-start source current 1.8 23 2.9 A
Vss Soft-start clamp voltage 3.1 3.7 4.0 v
tpscy  Discharge time Cgg =220 pF 1.8 2.2 2.8
tss Soft-start time Cgs=220pF, 0V<Vgg<16V 120 155 190 ue
Shutdown outputs threshold voltage 90 120 145
Vssisp mV
Enable outputs threshold voltage 160 210 260
10-V REFERENCE
Vgpio Input voltage 9.0 9.7 10.7 \
ERROR AMPLIFIER
Ta=250°C 0.698 0.700 0.704
VEB Feedback regulation voltage 0°C<Tp<85°C 0.690 0.700 0.707 Vv
0.690 0.700 0.715
Gpw Gain bandwidth 3 5 MHz
AvoL  Open loop gain 60 80 dB
loH High-level output source current Vecomp =20V, Vgg=0V 15 4.0 mA
loL Low-level output sink current Vecomp =20V, Vgg=1V 2.5 4.0
IBlas Input bias current Veg=0.7V 100 300 nA
VoH High-level output voltage loH=0.5mA, Vepg=0V 3.25 3.45 3.60 v
VoL Low-level output voltage lor=05mA, Veg=1V 0.050 0.215 0.350
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ELECTRICAL CHARACTERISTICS (continued)

TA=-40°Ct085°C, VIN=24Vdc, RT=165kQ, R KFF = 182 kQ, fgy = 300 kHz (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
CURRENT LIMIT
ISINK Current limit sink current 8.3 10.0 115 uA
) Vim=23.7V, Vsw=(Vum—-0.5V) 330 400
tpeLay Propagation delay to output
Vim=23.7V, Vsw=(Vym—2V) 200 300 ns
ton Switch leading-edge blanking pulse time(") 100
torr Off time during a fault 7 cycles
Vos Overcurrent comparator offset voltage -175 -60 35 mV
OUTPUT DRIVER
turaLL  High-side driver fall time(") ChpRv = 2200 pF, (ViN — VBPN1o) 48 96
turise  High-side driver rise time(!) ChpRv = 2200 pF, (ViN — VBPN1o) 36 72 ns
t.raLL  Low-side driver fall time(") CpRv = 2200 pF, BP10 24 48
tLrise  Low-side driver rise time(") CpRv = 2200 pF, BP10 48 96
Vou High-level ouput voltage, HDRV luprv =0.1 A, (Vin—VupRY) 1.0 1.4
VoL Low-level ouput voltage, HDRV luprv = 0.1 A, (Vuprv — VBpN10) 0.75 Y
Vou High-level ouput voltage, LDRV Ilorv =0.1 A, (Vgp1o—ViDRV) 1.0 1.5
VoL Low-level ouput voltage, LDRV Ilprv =0.1T A 0.5
Minimum controllable pulse width 100 150 ns
BPN10 REGULATOR
Vgpnio Output voltage | Referenced to V IN | -7.5 -8.5 -9.5 \
RECTIFIER ZERO CURRENT COMPARATOR (TPS40060 ONLY)
Vaw  Switch voltage | Lorv output oFF [ -6 0 6 mv
SW NODE
lieak  Leakage current() | | 1 uA
THERMAL SHUTDOWN
Shutdown temperature(") 165
Tsp - °C
Hysteresis(1) 25
UNDERVOLTAGE LOCKOUT
Vuvio Undervoltage lockout threshold voltage, BP10 Rker = 10 kQ 6.25 6.5 7.5
Undervoltage lockout hysteresis 0.4 \'%
VKre KFF programmable threshold voltage Rker = 82.5 kQ 9 10 11
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SIMPLIFIED BLOCK DIAGRAM
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1. Voltage Feed-Forward Effect on PWM Duty Cycle
TIMING RESISTANCE FEED-FORWARD IMPEDANCE
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fsw — Switching Frequency — kHz fgw — Switching Frequency — kHz
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[X15. Hysteresis for Programmable Undervoltage Lockout
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[¥]6. Typical Current Limit Protection Waveforms
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7V TMSYNC/ LA THiIF6h b &, UVLORENES S h
PWMIE T 4 AZ—TNICED T, —MNICIZZDZ LIKS
A VEETOATHEZEIhET, WArLBIHEATE., 24 v FV
7 BB AR OB AITIIRKFF 2 {484 5 2 L AR TT,

MBS TEL . HHF /30 2D » TIILVEHRDKE Xk
FNET, A VET AV IAMBEIZIRENE, ) v TILVERIN
D I, Fl—BMBRTIIPENTREREL 2D %
To —H. AV R AMBEITNENE ) v TIVERIEK
<, MM v PVEERHZT200BFHL L 5D
EFT(FERIFHNF v 2 REMICED £9), BRiEE LTH
F LWL, ARAERTTI0D10% & 30% DR OEISES < £ T
YN ABRRERE— PSS 8 WEDL v &7 4 v A%
SBIRTBZL T, A V&7 4y ZEORHEIIUTORTEE N
E3

L=(VIN_VO)XVO @)

(1
VIN x Al x fsw

fHL,
® Vol EBETY
@ AlIZE— 2[4 v &2 ZBHRTYT

HAOTEDEEHE

AR, BAHEEREO N DEERALOZFICmA . W)
)y TLEEEHTIY » TLERTRED £7,

WY TLVBEIHIERE F v /32 A OESROIH OB
T, V—Z b =20V v 7LEBEBEILITORTER X
hEd.

AV=AI[ESR+<

;ﬂ (Vp_p) (12)

8><C0><fSW

HF1) v FIVEEIZESREMC & D —ARII1290% A 5 95% D]
T‘a—o

{'? TEXAS
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AR OB AR A EEO B EOEIL £ 3,
A7y TEMiE, ORI, BB EFIAERPHPANC SRR U
N5, TXLF -2 AMICIHGEAR 2 S BHAMANDZ T v 7)
T30, HEVBREDA v F Y & T3 F — I (EE A
SREMADZT v N LEFEED /A, FRIZ. AfWX
Ty TORES, L—TOWE, A VH4 7 XDOKEIIRAFL
E

EEAN D SBAMANOEM 2T v T TR =N = 2 —
FLET, A VH 2 RIZHEAONBEO LI LEY — T NER
TN I N L FUEED ERA, A VE I ZIZHEALNI T AL
¥l ToXckEhE T,

EL=%><L><12 ) (13)

ZZ T,
2= [(IOH)2 - (IOL)2] ((Amperes)?) (14

fHL,
® ol EAMEMFTOMNERTY
® I I FEEMAIMTOHNER TS

FrNVADIILFE R TORTEEINET,

EC=%><C><V2 D 15)
zz,
V2= (V)2 (V)2 (Volts?) (16)

fHU,

O ViiiF v/ SV ADBRMKE - BETT
® ViIF v/ SV ZOYIMBETY
K1) ZRAYIZRA L, KIZRW6) 2R A5 ITFAL, &5
IZZ2 DOXRIZAA3) BRAB)IZFHE LW & LT, ColZ W TR &L
ToXTRDENET,

[(v)2- (v)2]

a7

ANBEDEE
ANIF ¥ 3V ADORE SIFANBEDFRY v T EEEDIZ
ML XN BRMSEF A & LIBIRS 3, EHNE/ Ny & -
AYN=ADT TN = 3 VTR, BIROIVN=AD5EZD
WhERMEGShE T, ZOBITORMMOTERTIE. ANE
JEY v 7L ERMSEHRAZE L T4 VR — F RZEEMIMEh
9. ZOBHLNULOEA. 150mVOANEEY v T HEY
T, PHRIZEM S - 2R/ NERERL TOXTEHE S hE T,
_ Ix At =10A><2.5us

ZORNEEOBEMICM A, RMSEHRDO A ML 2 4EE LK
e A, XA, BEOBERIEZEORMSE RO R
AL L 72T, 10AEA J124V/ 12 5V A I DWW CEHEL
LET,

Imm=1xJB=1xW-X@ﬂ;=10Axﬂ3£X=323A(w)
A 24V

IN (min)

BIRD V) TN DO TRITHEEM T 5 D3R %R
RMSEFHIMA ZDAT, ZHIMHTEES, Zo/NHL, 2
2 N OYRHESISEA B 51E, Ty 2OMAADYEEE
ELET, SO v TLVEREET 2D, 2D, £/213300
10uFDOX5RE 5 3 v 7 - F 43y & ZRIFREIE TS CRGE L
9., ZOF ¥/ 3V ADESRIBIEFITNE L, F=4 v — T
500kHz T2AgMsEBIRD G ATBE DML H30C ERT 5 LRk Eh
TW57), ZOXT Iy -Fy3v 232D, £41330T+
BTY,

IV—THEfE

FBEE— FOREER Y Fa— F3—%i3 2 4 ZTOREE
AR L CHiE X 3, TPS40060% U'TPS40061IETEE T 4 —
F7x9—F-arvrao—LafHL TS0, BE7 1+ —F
7 x U — P& & A ZPWMERZGE OGS E AT ik
DEth, EREONRE. 7V TEHEEEZAL v F v 7RO
HPZ D72 52 5 DICBE s m/ N NEF VN E & B IZKTITRL
E3

V V
AMOD = IIN or AMOD(db) =20 x log ( ﬂ) (20)
Vs Vg

Fa—T4 - A 2ADIZTY bu—LEBREV A RNT v TE
e B|RKT v TBEVSIZZEN T 5120002 5 UIZED D 7,
F72, AR Sy 7 av =2 DA, D=Vo/VinTT.

BIEICHT 23 Y bu—LEBIEE NSO, ZHRGEORIFOA
NEREL SV TEBRICEEMAD &,

Yo _Ve o Yo _ Vi
Vin Vs Ve Vs

D=

PWM MODULATOR RELATIONSHIPS

RN A a8 11 1 M M
D=Vc/Vs
7.
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BEEONETE

BEE-F- 2V P —LEFHLZZ Ny 2 -2 3= 2T,
HHDLColz kb “EMin d h 9. “HEMIIAREQD TR I
3B OMEIZH D 7,

fic (Hz) )

=2n><\/L><CO

F72, HIBERBCoL ZDOESRIZLDAEK I N2 Fud b £

9, ESROY¥ 23X (22) T I N3 I OMEIZH D 7,

oL

2n x ESRx Cq

HEE— FCHMETAEET 4 —F 74T —F- 2/ -

EEOoNy - avn—a0ERENHEL-7 -3 ba—)LE
JEDFFVA VD A — FHEX & X8IT/R L £ 77,

A7 8 2% — 3= R OdBD L — TFIfE) 13X (23) THR

EhET,

(Hz) 22)

fe- fSTW (H2) @3

—fRIIZIE, foI3L-Co _Hik & ESRY T D il iE < 1258
Wahd, 24 FUD L2 P TlE+10LE (20dB/F 4 7 —
FYTHBDIZH L., ZOREETIE, Hlxtay ba—Lof]
HI-20 5L (—40dB/F 4 7 — F) TH 5729, HL—T2fkT
13-1DO B (-20dB/ 7 4 7 — )& D F9,

KI8IZZFE OFIF, LCT 4 4, 1% v/ 32 # DESRY
O, ROZOMEE UTHiffTNEmEERLET,

MODULATOR GAIN
Vs
SWITCHING FREQUENCY
" ESR Zero, +1 -/
. AmoD=ViN/Vs /
m
T
: N
s \
o \‘ AN Resultant, — 1
2 \ \ |
= N
] \ \!
T
(=} N
s
LC Filter,—2 P>y N\
\ \

100 1k 10k 100 k
fsw — Switching Frequency — Hz

K9 /R&E N5 &4 THO b Fa DIZZFE ORI Z 260 ¥
/s Ed, 24 FUO +Fa YOFE & RHD 7 — 2 b
ZXI0IZR LT, 220 ¥ 2 ZL-Cod —Flla % flifl§ 5 DIz fli
bh, fHOT—2 F &fFhvEd, “HMRIZESRY 7 & i
Z0ICflibh, Ao —LA 75y ba—LLET, FEA
EOBE. 2FEHOMIIMOERL 2N TE, WiRHOHEHO
O — LAt 7 BRI TRAE AT — L 7T B30I I N E T,

4 4 FIOEEOME ¥ iR ) TEEIhET,

1

e L .
TR b wr-rsroriad)
24
1

fpy= — fope —————
P xRIxCz T e s
WM—FIEREREER @) TEREINhET,

fo 1 (Hz) ©5)

T 2mxRIxC2

THY Oy, fyy & " Hiffifpy, fpyldVenable® K Factor!1Z & 1) #
RaEn, 2B TOLSIZx->THET,

QI=Q2=§% and fpy = fpy = fc x VK (26)
c2
(optional)
[l
C1 | | R2

i

C3 R1

VFB
COMP
VOouT
RBlAS

UDG-02189

VREF

[X19. Type III Compensation Configuration

—270°----

XI8.

X10. Type III Compensation Gain and Phase

{'f TEXAS
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77 0 AKERD HI2iE, HRIEERECIC BT 5 HIED
FHRBME R EBZOMMEY 7 FPHSh o 2RO 7 — 2
FEHELATRERD EFX¥A, 2D LT, Boost=M-P-90
THELET, PREIET S Z EBRETT A, — R LEIE
—140° ~-170° OFPH T, £ > T, KOEIZLITOXTRD 5
hEd,

2
K- (Tan (@ . 45°> ) @7
HHBEVourE R E T 5 72 ORpasPIE AR H L £ 9,
0.7x Rl
R - 28
BIAS Vour—07 (28)

REHEROR/NERIE

BIRIN SN T 4 — By Z4RPIR2IZ & 0 B O H 10D
Blifa £ Y E8E VLI EREABETY, fREHIEFIZIZR20
KEXEZRDIEAITER L LTNEE S BVd 5 HRO L)
V=R OEBRERSD ET, MEIT/NES RETIIHINEZD
TN LY IRRICIRNA Z L3 TEFHA,

345V

VC (max) (Q)

=1.725kQ (29)
ISOURCE (min)

R2 vy =

dv/dtiC kW FERShB2—F >
MOSFETIZ R EBENVp) D7 7V 7 —¥ 3 v Cdv/dtiz &
58— ICHEBERIR TS LoT0ET, #—vAVid
Cap b Cos TR E NS F 4 /30 & - T3 FIZK DB X S h
%9, BWLdv/dtEMOSFETO FL A v /v — ZMEFEIZED
Copl=BHAWMN, 7' — +/V —2MBEE LR E¥, 7 —
N/ — ABBEEASMOSFETD A L v ¥k — )L FEEL FIZ S

$5&. MOSFETIEA Vit , ZOMRKRELY 2 — &
L —BRITENE T G- T, FHERMOSFETIZCop A i At
CosBREDENEL BB EIBATLZE W, LHIMOSFETD
7= DY — FI22Q~5QDEOEi A Ah b & 4 — v v ESW
J = FOdv/dtEEEEE, F—VAVRBERINBE I L a2bk
{THDIZHELBET,

N1 14 KMOSFETDHESE

SN 4 4 FMOSFET CIHE & h 3 B3 EE IR & 2
A v F Y 7REX ORI S E ¥, ElEKIIMOSFET % i 5
IrMsFEE & MOSFETDRpg (on) PBIETY . /14 ¥4 FMOSFET
OEGEIRKIIAG) TER ST E T,

PCOND = (Ims)z X RDS(O[I) X (1 + TCR X I:TJ - 25°C:| ) (W) (30)
fHL,
® TCRIZMOSFET Rpg (on) DIREFRE T F
TCRIZMOSFETH il & S5 x — H —ic L D &B L F-§4°, —i%
#J12120.0035ppm/ °C ~0.010ppm/ COHEPHIZH ) £3,
A B A FMOSFETD IgysBHUF L TOXGB) TRE N X T,
IRMS = IO X \/H (AmperesRMS) (31)

A 4 FMOSFETD Z 4 » F v 7 HRIZLL T OA@B2) TF &
nEd,

IDl X tsl + IDZ X ts2
6 2

Psw tsw) = VIN ¥ ( ) X fsw (32)

fHL.
® Ipy; £IpoldMOSFETD 2 4 » F ¥ IO BEFRO K E T (X
1128,

asle—ra—s]

I
I I
SYNCHRONOUS

RECTIFIER ON

ANTI-CROSS
CONDUCTION

BODY DIODE
BODY DIODE |
CONDUCTION
CONDUCTION ~ ! :{
| |
I I
swW | |
| |
I I
I I
I I
0 | |
1 [ e |

Al
ID1
BODY DIODE
CONDUCTION
T l———— [—————
T— HIGH SIDE ON UDG02179

&11. Inductor Current and SW Node Waveforms
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Ipi&Ipld A ¥ &0 2B L BAFEROBTY, A v &80 5
ZAEIE T, EHER R OR10% 2 530% B E K Ehb £Ta v
IN— AEGEEE — FICE B L BINRShET, 1 V50
2 BROZAIRE) TEENhE T,

Al=2x IO (dis) (A) (33)

fHL,
® [0 g 13 T V7V — & BAHEGEEMEE — FIZ 2 - 22RO AR
T‘a—o

Ip1 & Ipatd L FOR (B4 THETE 23,
ID1=10—(%I) and Ty~ Io+( ) @ (31)

fHL,
O ALZA VY& ADY) » TIIVEFTT (X1120)

2V N—ZIIDCHHBHRBA V22 &) » TILEBHRD1/20
REARHELREE — FICA D £79, sl OWTEA v & 7 X EDER
Offi, BUORAD%#SHL TL 2 &0,

SEYERERts1 & ts20358 4R L 724H 13 MOSFETD B T,

MOSFETO P ERKHEBINILI TOXRTRE D £9,

Ty T,
pr- (=T ) (35)
01a
ZZT,
Pr=Pconp + Pswswy (W) (36)

7, 05038y F— VOREH T,

FIEAEERMOSFETDHEES

[FIHIEHMOSFET CUHE S 2 8 113 RDS(On)o)ﬁiﬁi*ﬁgi\
AT 4 A F — FOEGEEK, WRHEHERO3 DD & 0 K
ENTVET . Rpg(on PELBEIALIZNEGO) 2> TR®H B Z &H
T&. [FAWEHMOSFET % fiit1 2 RMS&E I LA FORB7) T&
EhET,

IRMS=IOX V1-d (Ams) (37)
f?%-ﬁ%i—F@ﬁﬁﬁ%i7y§~7nzﬁﬁmgiﬁﬁ
IART 4 - FAKX— FAMEFEICEES 5 Z L HBRERTE, R
T4 A AT — FOEHEBERITILTOREY) TERENFE T,
Ppc =Ip x Vg x tpgray X fsw (W) (3%

fHL .
O Vpld AT 4 - 444 — FOIEHMELETT
® tppravid A4 v F VST T & OREIER R T

WEEHRIE AR T 4 - £ A4 F — FAMESF RO/ S, T Z 5 55058
WriRBE~ DA IZ B3 B HFE 2K TE C £ 3, willfsEiz L
ToA@BYTERENET,

PRR =0.5% QRR X VIN X fSW (W) (39)

L,
® Qurld A7 4 4 4+ — K ORIEAHTF
FIHIAEFRMOSFETOMIHE B SII LI T OX 0) TR E N £ T,

Psg =Ppc + Prr + Pconp (W) (40)

TPS40060/TPS40061NDEEEH

TPS40060 & TPS40061DH%E;7E }1IZMOSFET | 5 A /@i & A
JBEICKRELKIFELE T, F T4 NEBFRITIMTIMOSFETD
M — P BAQIZILHI L £ 3., SMF D — MEHT A LS 2
EBEER2128) F 7 A OB IIRUA) TR TEZ T,

PD = Qg X VDR X fSW (W) (41)

Z LT, T35 ZADOBINEE L, N4 H A4 F RIS
WA AMERIL 7= — B A § ODMOSFETTHh 3 45L&, L
ToR@2)TERIIhET,

PT=<2XPD+IQ> XVIN (W) (42)
VDR
EAd =N

Iﬁ=k2ngx%W)+h]me W) 3)

fHL.
® I3 FHERFDOBIERT T (N 7 4 2 Vi)

PowerPAD™/ S v r — O FINA 2 DR AKDEIIEESI I
T7U—bﬁﬁtb47ﬁb~%ﬁfti?okn%#6ﬂﬂ
ANOBEMPEYUZ, 24 ¥ ZOHEAR, —~< I8y FBRIFALN
., 77— LETREMTOMIZAED 9,

61a = 36.51°C/W

ISy — U O FERKRIHE TR (E5) 12 & PR 2B R
LEg, RBE)ERMUNITMAL T, fgwlt 20T &
TPS40060 & TPS400610 i KEMERBE KD b E ¥, 2 DA
FRIUTORUYTEENET,

fsyy = ([(é?%;—%] >(Hz) “4)

I MIOWTHER

PowerPAD™/\Ny 4 — 3

PowerPAD™/ S o1 — DI T 754 20 5B & B R < 720 K0
BB AT L %4, PowerPAD™Z Z DLRTOHKD LD 7
N ZDIEHEOK Z AT/ Sy FIZX D BEPIAMEL &) F
T IEORRHEASE I, BEAR— NIZi3 Sy r —YOHET
IZIEATE/ A8 > X [OOSR & 5 2 & BB TE, O
DK% X |ZPowerPAD™ S r — PO HEIZ K DRE D ¥, 16
v Y OTSSOP(PWP)/ S r — ¥ Tt Z DfEK%IE5 mm x 3.4 mm[3]
T,

WEFHYE 71, Z Ok E MR E 7213 WD 7L — ik
%b\it\%®E7A@t7ww»ﬁﬁmo%éhé%A%
HEIKHMEB LS PN ABERICLTEE XY, 2ok
u\ﬁAﬁU7D~hMy7~/$%an4Z@T®iht/
A ¥ - % FHIK & O A 5 A DT B OB < I b
TY, 14 Y 202K — FRIZ®H > & &, FREZE T L
NED->E LGS, E7OEFEIZ0.33mm (13 I IL) 2@ T
T D5 E SNBGAITHRAME 7 28 D T . By

{'? TEXAS
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0.lmmTd % ¥ 7 HAITE LWEEDRAE Y Ao MEfHi-TY
TIZHE LTSN, ZOFICKD, BALEBBEMH L 7 Oh
o THY, AREMELE LTRIND S 5239 F =YD FIZIFA
ZORA FRTEDZ LML ENE T, PowerPAD™ Sy 7 —
DO 22 K IZ DV TidPowewPAD™ Thermally Enhanced
PackageBl& R L T #Z &0,

MOSFETD/Ny 4 —<

MOSFET®D /S - — 2 OERIZMOSFETOHE & J) & Tl &
NBEEFRMIC I D F ¥, M, RREROT TV r—v 3
¥ Tk, DPAKBIOD S or — ¥ HYEUEHT (0 o) HHR/AMZ TE B 72
B, HEBHOBRIMRKNIZED 3, Ui L, DPAKOARIME
BETNZ LA T N T B2 L EBERIZ A 5 TS,
MOSFETD 7 — % ¥ — MIBUE ST 5 0 a3 FTE O SRt &
EXAEFMEIZL TS, (FEAEDHEA. 40°C/ WD RN
PiaERT 5 121EG-10/FR4AR — F ETIESA Y FH 702k v
AN VBETT, R— PR ARIEC S 5 L BB AR 375
ZENTEET, FRAMUNITE D Z L IZOW T A EH
13BN BMOSFETDF — & ¥ — b BB L TL F &0,

T RERBOLATI MIOVWTOEE
ZDFINA ZZIHMEFZ T Y F(SGND) Y Y EEFES 5V F
(PGND)E Y Al 4 IclE I T kg, MRD s 5 v Fidiwl)
IZHHEENTODE ZEHREETY, K577V Mk, Z04 v E—
ZVAEBNRBIZHZ 2728, TEHETL— Y TRIRL TL 7
Xy, A, FIHESRS. MOSFET R 54305 4 v 7Y v -
F ¥ 3V A BP10), ANF v/ 3V 2 BEDFEHBIT/ A ZTDL N
[AIERIZ A SIS ¥ /3 Z FITPGNDD 7L — VIHift L T 2 &,
FBIKHIF /34 &, Ry, ILIMAED /4 ZIZiU&R 7 — Fid
SGNDD 7L — VIZH#i LT Z X, SGNDO L — v iF
PGNDD 7L — VIZ—HODATHER TS L5 IZL T Z &0,
R OBIE LT E 5721354 /82 - F v /%Y 4 (BP10, BP5,
BPN10) B Z N ZHDOEFLE Y K77V F-E VOl IHlE &
b5z L ¥, £/, FB,RT,ILIMA& ED 7 4 X2z R

nR n-l-ﬁlj

® AJIENE : 18Vpe~55Vpe

® HJEE :3.3V2%

@ HJJE : SAERKA. EHIRMERD) . TA( — V| Fifmke
10ms. KT 2—T 1 ¥4 Z7I)IL10%)

® I'J)1V v TILEE : 33mVpp(GAKE)

@ I EHIEE : 0.3V(R T v FHAHZ1L10% ~

©® BRI : —40°C~85°C

® foy = 300kHz

90%)

1. %k/%d\?_:l—j_-,f H A 7}[,0)51.;

Ay = —0min_ _ 0588 dypay = 020 _ 0187 (45
VINmax) VINmin)
2. AIDEIR

ZOWA . ALZT Y N— 4 HPERER R D20% CAHAEE — NIZ
B5HEIBEIRLET,

Al=Ipx2x02=2.0A (46)

3. 48VATIEFD /N1 H 1 KMOSFET (Si9407AEY)DEHERD
BE

d48V = YO _ 0,069 7
IN
KXBD&KD,
Irms = Io x Vd = 5xV0.069 = 1.31 A 48)
X 48) £ R B0)IZFRAL T,
Pconp = Ijmis? X Rpson) % (1+Ter x [Ty - 25°C] ) 49)

=1.312x0.12 x (1 + 0.007 x (150 - 25)) = 0.386 W

AEHLD,

IDl-IO—%I-S 1.0=40A

412, HDRV, LDRV, BPN10, Z 4 » F- / — F (SW) % & D5t (0)
dv/dt® / — FOWFELIZ@EP B NEHIZ L TL Z &, ID2=IO+%I=5+1.O=6.OA
X: Minimum PowerPAD = 1.8
Xi Minimum Powerpap= 1emm  HHAHAAAAAN Thermal Pad
O I —
| 4,50 mm 6,60 mm
X | | 430 mm 6,20 mm
i L]
7 41
T le— v
X12. PowerPAD™ Dimensions
i
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tg GE_EAY D HERD) & tgo GF. F 0 IR IZMOSFETD 7 — & & —
O — NEREHES T 7K OR SR E T,
Q2—Q1é'f— NBIEAZOD T N —BEVpLp % THNT 3
CETZEMICHF LV E LEY, ZOHMTOEMAIARIE

Cn=2 =20 Cq111pF 61)

AlliE A ST S OICET SR

45-10— (10— 2) x e (T5c) (2)
{HL . RiZgzhs — b BEHEDT T10Q T,

t1=—10x1111prln<%) =4.2ns (53)

FL A4 v/ — ZBEEV A& T4 2 DIZhn 5 HERIE T —
A — bfﬁ*%bij—o L-@H%Fﬁf(i %ﬁ@%'ft‘i\](}sﬁ‘ 3
T —REBHESIVT—EDEHEZ D 9,

AQ=Q3-Q2=2nC (54)

Z OB TIZVegld—E IS = T Ed, > T, MOSFET
O — MEFENIL T OEF % & DO—EDBERY —AD K HIZAZ
i‘a—o

L 490 mA (55)

2TV T 301 h 3R AT 5 Z L TR
i‘a—o
_AQ _20nC

=— = (56)
IDRV T0490A
#ar_bad 0 IFI
tgy=tr=tj+to=42ns+4.1ns=83 ns 67
FRRICS. TR DR S LA T DO LI ITKDBZ Z LN TEET,
tg= (Q3-Q2) x RV _90ncx 22 _ygns (58
3.1
t4 =- RDRV X CIN x In <?) =8.0ns (59)

FRAL T A0 IREIAT:
teo=tp=t3+t;=4.8ns+8ns=12.8ns (60)

ts1, tso, Ipg, Ipe & REB2)IZFRAT 2 &,

(8.3 nsx40 12.6nsx 6.0) 300 KkHy

Pay (fsw) = 48

=477 mW (61)
A (35) & WU A2 TRA(36) Z1RUA T 5 L MOSFETD A E
ARk EhET,

Ty = (Pconn + Psw) x 04+ Ta

4. FHARETRERDIBRDEE

FHRMOSFETIC %, BhliHde, &4 4 — FuiEHEHEL D2
DORKERNH D 9, EHlIERIIT v F - 7 v 2T
D7y F 24 LREDORT 4 - &4 7 — FOZEIBRIZN A Ijvis
RERICEREALET,

K @7 & 0 RS & T 5 [rps Bt I

Ipms = Io xV1-d=5xV1-0.069 = 4.82 Agms (62)

X (30) & b FHIMOSFET D&M 1E |
Pconp = Irms® X Rpson) X (1 +Terx [Ty - 25°C:|>
= 4.822 % 0.011 x (1 + 0.007 (150 — 25)) = 0.48 W
KRB KD AT 4444+ — FOEMIEKIT

(63)

Ppc =Ip x Vgp X tpELAY X fsw
=5.0x0.8x100ns x 300 kHz = 0.120 W (64)
AGBYELDAKRT 4 - 44 A+ — FOWRIERKIZ,
PRR=0.5><QRRXVDD><fSW
=0.5%x30nC x48 x 300 kHz = 0.216 W (65)
R 40) & » BEIHIIHEMOSFET T & X L 3 M&E i
Psgr = Prg + Pconp + Ppc
=0.216+0.48+0.12=0.816 W (66)
[RIHAE TR DA TRRIE 1
Ty = Pspx 014+ T = (0.816) x 40 + 85 = 118°C ©67)
HEHER 27 7Y r— Y 3 v Cid, RIEHEMOSFET: & 3 &
FE— - ZAF = FEAWINIT B ERT 4 -2 A4 4 — FOEEIM
L WIREHIE TIEHBEE AN K K& 2728 T VN — 4 DRRh#EN
2% LR L ET,

5. 147 SEDFE
A&7 2ERRAD KA EhE T,

_ (48-3.3) x3.3
48 x 1.0 x 300 kHz

10uHDOFEREA & 2 & fiti % 33

=102 uH (69)

\Li‘a—o

6. 24 v F 2 TRABBDOHRE

20y 7 FERIERTE Y 20 6 2 5 ¥ RAOEBT R 12 & D 3%
EENE T, RpDMliEfow (HALIZkHz) % WL FOR & ko
BIENTEET,

- ( 1 23) kQ - 164 kQ, use 165kQ (69)
fsw x17.82E - 06

{'? TEXAS
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7.7 1xb—42AEOTOTS53IY

PWM 5 v 7IZKFFE Y 5 6 VN NOEHTIRgpp) (2 & D T a2
SLaXNET, £/, FVT VL —KEANUVLOEIER
Iy bu—n LT, KEEL NIL214.4VAVD VN min) P20%
LT NOBE. Rppld A TORKDEIE T ZenTEE T,

RKrF = (VIN(min) = 3-5) (65.27 x Ry + 1502) Q
=133.7 kQ, use 133 kQ (70)

8. HARE(CHNEEHE

Zofltik, HWHEBERIZIAL S5AND 2 T v TEi{ TAV =
03VEW) B EEMFIC LD IRED 5, ColdXA7N EMHi-T
KvohEd,

Co 10 pH x (52 - 12)

=127 uF 71
(3.32-3.09) 3 v
KA EFAL T, HY) v TLOBFISEAT 2 OIS BE K
ESREGH TS ZenTE LT,
33mV=20 (ESR + ! ) (72)
8 x 127 uF x 300 kHz

ESR = 14.9 mQ
ML XN BESREH 51213, FEEEIERERO127uF & b K
ERENMBETT, HZ1E, ESRA12mQ T180uFdD Panasonic®
SPF v /S # HIDMHL £¥, ZOH LWMEIS0uFIC & ) M4
L SN BESROFEF R EX(T)ITRL £,

! @3
8 x 180 uF x 300 kHz

33mV=20 (ESR +
ESR = 16.5 mQ
9. VI FRE—F-F ¥ /N Z(Cgg) DETE

ZOFEITIE, V7 b 24— bR (tgrar IS Ims A TR X h
TVWET, CldITFORTHET L Z N TEET,

Cgs = 263;\? x 1 ms = 3.28 nF = 3300 pF (74)

10. BRBIBERAR, ) DEHE
ERAROBGERUL. ROITRENS £5 12, tsrarn Vo, Co,
RO oaplc L D E D 2,

1. JV—TRHEEOSHE
RCOLDVBEET 4 —F 747 FEBER ZZE LT,

10
Awop = 5 =5 a7
AMOD(dB) =20x log (50) =14 dB (78)

LC7 4202 ERE) LD IDOME YO ZEHFL
ERCEN

1
LC =
21\ 10 uH x 180 uF

=3.7kHz (79)

R S
21 x 0.012 x 180 uF

PL—7D0dB2 1 2 F — /3 — [l & BN L £9, ZOfl
Tldfc =20 kHz T¥

s 4 FTMOFEMFEO " EX o OMEEERL 4., 2588
[1ic & D/ ¥ O DEEMNEIZ Y T 24 — N —TREE XN Bh]
M7= MzkbRED 4., ZOBITIIRAEKIEE0° B E L
WMETY, ZOFITERENBMAMHET — X M,

Boost =M —P—90° = 60° — (—145°) —90° =115°  (81)

=74 kHz (80)

IEON
® Mz LW iiEAH
® PIIZEFZLRDOAMAM S 7 b (ZDHITIE-145°)

115° 2 —
K = | Tan T+45° ~11.77 and VK = 3.43 82)

- T,
fpy = fps = VK x 20 kHz = 69 kHz

and fZl = fZZ = % x 20 kHz = 5.8 kHz

SEER1IZEn, —E Y 0358 kHz D ic@E k., i
F69kHzIZE 2N F 3, R@24), R(@25). (28) & 0 XIDERHE
IZDOWTIRZE %9, R1=100kQABIRL £,

C3= 1
21 x 100 kQ x 5.8 kHz

=274p = 270 pF, from fzy (83)

1
Rg=
2n x 270 pF x 69 kHz

- 854 kQ = 8.45KkQ, from fpy  (84)

180 uF x 3.3
I>———+70=76A (75) Cy= 1 =79.6 pF, from fc ~82pF  (85)
Im 21 x 100 kQ x 20 kHz
Z DF%ETIR, ILIM‘iEEi/J\lo.OAl:éx,ﬁZ LET, ﬂ(S) )N 1
Ry = = 28.1kQ, from fp; = 28kQ  (86)
Rypy = —10X024 | Vos o ®" 27 x 82 pF x 69 kHz "
1.12 x 10.0 LLA ISINK
1
_ Cy = =980 pF = 1000 pF, from fz;  (87)
__10x014  (-60mV) 76) 1 o 28kQ x 5.8 kHz 2
112x100pA  10mA
- 119kQ = 118 kQ Regpg = 0K o6 910~ 267 ke 88)
33-0.7
i
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77— MERENDIERK

Si44700 & D EEOMOSFET Z 4 v F ¥ Z I, @ VpsE
£ RO = b2y Y AR—IL 2 Sdv/diz &k D & — v+ U
HEREND UL S 5720, 2O TIE EHIMOSFETD
= b = FI22Q0PIAEER T ET, ZOEPUT A v
F = FDL"LLh 5 “H L NILADER KT 5 DIl
FAT2ZEMNTE, dv/dtick b4 -+ Vv EFRLIZSL L
E A

BPN10KRU'BP10V/ N /N AR EDETHE

INAISZ-F w3 ADOKRE X, FH N TV BMOSFETD
Wy — bPEMENANSZ - F oV HITFHFE SRS FL—T &I
LY £, BPNIOK ¥ TOSVOREE FIL—THHEI I3
L4 5L, BPNIOARIZR Q) L. UTFOREBI) TR 51
EScaR

Q, 30nC
Copnio= 2% = 2% _60nF (89)
BPN10 AV 05
%72, BPIOVAEREIZRA0) XD U TDHXO0) TROD 5N 9,
Copiox= R = 5T0C _yyy o ©0)
AV 0.5

ZOT7 7= 3 v Tid, BPNIOV/SA /S 2 - F v 80 412
120.1uFD F /3% & . BP1OVIZIZL.OUFD F v /3y 2 Al X h
F9, X132, ZOFEFITHE T3 HIERSA. AJIE
[E18V~55V/H I ES.3VODC/DCa /N — A2 DWW TER L
e ERLET,
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TPS40060PWP
+ O KFF ILIM m
RT VIN
VIN
BP5 HDRV m
Si9470
- 0O—oe
SYNC  BPN10 m
30BQ060
10 uH
SGND sw 12| '
m A o,
SS/SD  BPX10 | 11] I— Siaa70
R1 Co
VFB LDRV | 10| R3 100k | 180 uF
8.45 kQ ; T
COMP  PGND| 9 | vouT
PWP C3
N\~ 270 pF
. — 0 -
a RBIAS
26.7 kQ
= N UDG-02161
[X113. Design Example, 48 V to 3.3 V at 5 A dc-to-dc Converter
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S8
PWP (R-PDSO-G**)
20 PINS SHOWN

PowerPAD™ PLASTIC SMALL-OUTLINE

20

0,3

©0'o

1

AHAHAHAAAH

e

Thermal Pad

r____k//
L

a

4, 6,60
,30 0

0 6,60
,2

Y

‘—

O
TETEEIOONL.

A

.

- 1,20 MAX

ots T

)|
vy UOAOAOAOAOY v seatingPiane ¥

(See Note D)

0,15 NOM

|

Gage Plane

[
)

S

0,05
PINS 14 16 20 24 28
DIM
A MAX 5,10 5,10 6,60 7,90 9,80
A MIN 4,90 4,90 6,40 7,70 9,60

4073225/F 10/98

E LA 2TORTEDEMMIFI YA —MLTT,
B.HREFELLKEETEIIENHYET,
C. RKF A TERE-IREEBEEAT A,
D. /Ny = DOBSEM Y —< I ISy REASDY —<IL-TL—UIEETEZETHEINDZEPHYET,
ZDINy i1 DEBIE—ZDY — KICERICH DEMICER SN TVET,

E. JEDEC MO-153IC#H#LL % 7,
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i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 11-Nov-2025

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 ©)
@ )

TPS40060PWP Active Production HTSSOP (PWP) | 16 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40060
TPS40060PWP.A Active Production HTSSOP (PWP) | 16 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40060
TPS40060PWPR Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40060

TPS40060PWPR.A Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40060
TPS40060PWPRG4 Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40060

TPS40061PWP Active Production HTSSOP (PWP) | 16 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40061
TPS40061PWP.A Active Production HTSSOP (PWP) | 16 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40061
TPS40061PWPG4 Active Production HTSSOP (PWP) | 16 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40061
TPS40061PWPR Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40061

TPS40061PWPR.A Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40061
TPS40061PWPRG4 Active Production HTSSOP (PWP) | 16 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 40061

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

@ Mmaterial 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.

Addendum-Page 1


https://www.ti.com/product/TPS40060/part-details/TPS40060PWP
https://www.ti.com/product/TPS40060/part-details/TPS40060PWPR
https://www.ti.com/product/TPS40061/part-details/TPS40061PWP
https://www.ti.com/product/TPS40061/part-details/TPS40061PWPR
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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INSTRUMENTS
www.ti.com 11-Nov-2025

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 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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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 25-Sep-2025
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 0O O 0O 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)
TPS40060PWPR HTSSOP| PWP 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TPS40061PWPR HTSSOP| PWP 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

Pack Materials-Page 1



i3 TExAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www.ti.com 25-Sep-2025

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS40060PWPR HTSSOP PWP 16 2000 350.0 350.0 43.0
TPS40061PWPR HTSSOP PWP 16 2000 350.0 350.0 43.0

Pack Materials-Page 2



i3 TExAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www.ti.com 25-Sep-2025

TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TPS40060PWP PWP HTSSOP 16 90 530 10.2 3600 35
TPS40060PWP.A PWP HTSSOP 16 90 530 10.2 3600 3.5
TPS40061PWP PWP HTSSOP 16 90 530 10.2 3600 35
TPS40061PWP.A PWP HTSSOP 16 90 530 10.2 3600 35
TPS40061PWPG4 PWP HTSSOP 16 90 530 10.2 3600 35

Pack Materials-Page 3
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