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4 Pin Configuration and Functions

swW sw
. L Ry W A 7 7 7 U7 1N
vee | 74 i 6 i {5 |BOOT BOOT [ 5 6 7 | vee
8 4 - :] 4 8 [
i PGND PGND PGND PGND
S R o i
wN|Te i [T 3 | vin VIN :] 3 9 [|vin
16 - 16
----------- PGND ] ~— PGND s
PG [[10 } s “ {2 | AeND AGND [ 2 ) 10 | PG
MSEL f2i {13l i1al 1] 1 ]EN EN 15| [14 @ @ 11| MSEL
- IR N N *\ s
= %) ) %) %) m [%) =
I 5z 4+ @ » w7 3
o o
(O] (O]

B 4-1. RZR Package 16-Pin WQFN-FCRLF Top 4-2. RZR Package 16-Pin WQFN-FCRLF Bottom

View View
£ 4-1. Pin Functions
PIN
TYPE(") DESCRIPTION
NO. NAME
2 AGND G Analog ground return and reference for the internal control circuits.
Supply for the internal high-side MOSFET gate driver (boost terminal). Connect the bootstrap
5 BOOT I/0 : -
capacitor from this pin to SW node.
Enable pin. The enable pin turns the DC/DC switching converter on or off. Floating EN pin before
1 EN start-up disables the converter. The recommended maximum voltage applied to the EN pin is 5.5V.
TI does not recommend connecting the EN pin to VIN pin directly.
14 FB Output voltage feedback input. A resistor divider from the output voltage to GOSNS (tapped to FB
pin) sets the output voltage. Connect the FB divider to the output voltage near the load.
13 GOSNS ll:l)zgatlve input of the differential remote sense circuit. Connect to a ground sense point near the
12 ILIM | Current limit setting pin. Connect a resistor to AGND to set the current limit trip point. Tl
recommends a +1% tolerance resistor. See &7~ 6.3.10 for details on OCL setting.
Multi-function select pin. A resistor from the MSEL pin to AGND selects between forced continuous-
11 MSEL conduction mode (FCCM) or skip-mode operation, the operating frequency, and the PWM ramp
setting. A £1% tolerance resistor is required. See % 6-4 for details.
10 PG o Open-drain power-good status signal. Connect an external pullup resistor to a voltage source.
When the FB voltage moves outside the specified limits, PG goes low after the specified delay.
Ground return for the power stage. This pin is internally connected to the source of the low-side
4,8,16 PGND G MOSFET. Place as many vias as possible beneath the PGND pins and as close as possible to the
PGND pins. This action minimizes parasitic impedance and also lowers thermal resistance.
Connect a capacitor to AGND to set the SS time. A minimum 10nF capacitor is required for this pin
15 SS | - } .
to avoid overshoot during the charge of soft-start capacitor.
6 SW (6] Output switching terminal of the power converter. Connect this pin to the output inductor.
Internal 3V LDO output. A 3.3V or 5V external bias can be connected to this pin to save the power
7 VCC P losses on the internal LDO. The voltage source on this pin powers both the internal circuitry and
gate driver. Bypass with a 1uF, > 6.3V rating, ceramic capacitor from VCC pin to PGND. Place this
capacitor as close to the VCC and PGND pins as possible.
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£ 4-1. Pin Functions (#i%)

PIN
NO. NAME

TYPE(") DESCRIPTION

Power-supply input pins for both the power stage MOSFETs and the internal LDO. Place the
3,9 VIN P decoupling input capacitors from VIN pins to PGND pins as close as possible. A capacitor from
each VIN to PGND close to IC is required.

(1) = Input, O = Output, P = Supply, G = Ground
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5 Specifications
5.1 Absolute Maximum Ratings

Over operating junction temperature range (unless otherwise noted) (1)

MIN MAX UNIT
Pin voltage VIN, across full recommended Vycc range -0.3 18 \%
Pin voltage VIN, Vycc < 3.6V -0.3 19 \
Pin voltage SW - PGND, DC -0.3 19 \Y
Pin voltage SW - PGND, transient < 10ns -3 21 \Y
Pin voltage VIN - SW, DC -0.3 19 \Y
Pin voltage VIN — SW, transient < 10ns -3 25 \Y
Pin voltage BOOT - PGND -0.3 24.5 \Y
Pin voltage BOOT - SW -0.3 55 \Y
Pin voltage EN, PG, SS, MSEL, VCC -0.3 6 \Y
Pin voltage ILIM, FB -0.3 3 \
Pin voltage GOSNS, PGND -0.3 0.3 \Y
Sink current PG 15 mA
T Operating junction temperature —40 150 °C
Tstg Storage temperature -55 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

5.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC £2000
Js-001 (1 -
V(Esp) Electrostatic discharge \
Charged-device model (CDM), per ANSI/ESDA/JEDEC .
J8-002 @) +500

(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.

5.3 Recommended Operating Conditions

Over operating junction temperature range (unless otherwise noted)

MIN NOM MAX UNIT

VN Input voltage range VIN 4 16 \
Vvce External bias range VCC 3.1 5.3 \
Vout Output voltage range VREF 5.5

VGosns versus Vagnp -0.1 0.1 \
Pin voltage

EN, PG -0.1 55 \Y
lpa Power-good sinking current PG 10 mA
Css Capacitance range SS 10 1000 nF
lout Output current SwW 25 A
ILpeak Maximum peak inductor current SW 45 A
T, Operating junction temperature —40 125 °C
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5.4 Thermal Information

TPS54KB2x
RZR (WQFN-FCRLF, 4-
THERMAL METRIC() ARt R layer application ZAREl A R AT (65 UNIT
JEDEC layout) layout) layer EVM layout)
16 PINS 16 PINS 16 PINS
RoJa Junction-to-ambient thermal resistance 36.8 16.5 13.20) °C/W
Rauc(top) Junction-to-case (top) thermal resistance 15.3 Not applicable () Not applicable ) °C/W
ReJs Junction-to-board thermal resistance 7.6 Not applicable () Not applicable ) °C/wW
wT Junction-to-top characterization parameter 0.3 Not applicable (4) Not applicable ) °C/W
Wis Junction-to-board characterization parameter 75 Not applicable () Not applicable 4) °C/W
ReJc(bot) Junction-to-case (bottom) thermal resistance 5.1 Not applicable (4) Not applicable ) °C/IW

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

(2) Measured on 4 layer, 2 oz copper, 3 inch x 3 inch layout with the device not switching and 1.9W dissipated in the device.

(3) Measured on U2 device on EVM with the device not switching and 1.8W dissipated in the device.

(4) The thermal test or simulation setup is not applicable to an application layout.

5.5 Electrical Characteristics
T, =-40°C to +125°C, Vycc = 3V (internal), Vy N = 4V to 16V. Typical values are at T, = 25°C and Vyy = 12V (unless
otherwise noted).
PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
SUPPLY
lain VIN quiescent current ';‘gr:‘]\j‘”;:gcg')(”tgr rYaEINb;?gnV\;(B:; XiFnB-REG * 940 1200 pA
lainy ?)/ig\‘sq“iescem current with external VCC Xlgn;ﬁn\ir:fﬁg?) 32.?3/V\Ceﬁerr:§BEiZEsGo; 1/Ocmcv 230 350| pA
pin
Vin =12V, Ve = 2V, Vig = Vi reg + 10mV
lqvce) VCC quiescent current (non-switching), 3.3V external bias on VCC 820 1000 pA
pin
Isp(viny VIN shutdown supply current xg(? ;;]irzwv‘ Ven = 0V, no external bias on 9 20 uA
Ispvee) VCC shutdown current xENCzp?rY Vin =0V, 3.3V external bias on 90 140 pA
T, =25°C, V|y = 12V, Vg = 2V, regular
switching, RysgL = 10.5kQ, fsy = 800kHz, 12 mA
3.3V external bias on VCC pin
Ty =25°C, Viy =12V, Vgy = 2V, regular
lvee VCC external bias current switching, RysgL = 13.3kQ, fsw = 1100kHz, 16 mA
3.3V external bias on VCC pin
T, =25°C, Viy =12V, Vgy = 2V, regular
switching, RysgL = 30.1kQ, fsyw = 1400kHz, 20.5 mA
3.3V external bias on VCC pin
uvLo
VINyvLoR) VIN UVLO rising threshold V)N rising 3.87 3.95 \%
VINuvLoF) VIN UVLO falling threshold V\ falling 3.60 3.70 \Y
VINuvLoH) VIN UVLO hysteresis 0.17 \Y
ENABLE
VENR) EN voltage rising threshold EN rising, enable switching 1.18 1.23 \%
VENF) EN voltage falling threshold EN falling, disable switching 0.95 1 \%
VEN(H) EN voltage hysteresis 0.18 \%
EN internal pull-down resistance EN pin to AGND 0.74 1 1.27 MQ
VENSTB(R) EN standby rising threshold EN rising, enable internal LDO, no switching 0.75 1.0 \%
VENSTB(F) EN standby falling threshold EN falling, disable internal LDO 0.5 0.6 \%
INTERNAL LDO (VCC)
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5.5 Electrical Characteristics (¥tX)

T, =-40°C to +125°C, Vycc = 3V (internal), Vyy = 4V to 16V. Typical values are at T; = 25°C and Vy N = 12V (unless
otherwise noted).
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vvee Internal LDO output voltage Non-switching, lycc = 25mA 2.82 2.94 3.05 \%
lvee Internal LDO short-circuit current limit Vyin = 10V 100 275 mA
VCCuvLo) VCC UVLO rising threshold Vyin = 4V 2.7 2.82 \%
VCCuvLoF) VCC UVLO falling threshold Vyin = 4V 2.45 2.55 \
VCCuvLoH) VCC UVLO hysteresis Vyin = 4V 0.15 \%
FB threshold to turn off VCC LDO EN high to low 25 50 85 mV
REFERENCE VOLTAGE (FB)
VEB REG Feedback regulation voltage TPS54KB20 and TPS54KB22 895.5 900 904.5 mV
VEB_REG Feedback regulation voltage TPS54KB21 and TPS54KB23 497.5 500 502.5 mV
IFB(LKG) FB input leakage current Ves = VB REG 160 nA
DIFFERENTIAL REMOTE SENSE AMPLIFIER
lcosns Leakage current out of GOSNS pin Veosns - Vagnp = 100mV 80 MA
View ggjgtiﬁommon mode voltage for V08NS Versus Vasnp —01 0.1 v
SWITCHING FREQUENCY
2{:\,8\,0=M1)‘2\N/,0\llggg = 3.3V, RyseL = 10.5kQ 680 800 920 KHz
fowEceM) Switching frequency, FCCM operation zé/cl:NC=M1),2\N/'ov|8§Ii = 3.3V, R = 24.9kQ 910 1070 1230| kHz
E/FVgC=M1),2\N/'oV|8§£ = 3.3V, Ruse = 48.7k0 1150 1350  1550| KHz
STARTUP
Iss Soft-start charge current Vgs =0V 26 36 45 pA
Vss(oone) igrf]t:tart voltage threshold for soft-start TPS54KB21 and TPS54KB23 1 v
Vss(one) S;):]t(;start voltage threshold for soft-start TPS54KB20 and TPS54KB22 12 v
Css = 33nF, Internal VCC, Cycc = 2.2uF,
EN HIGH to start of switching delay RmseL = 158kQ, Measured from EN high to 740 us
Vgs = 50mV
POWER STAGE
Rpson(Hs) High-side MOSFET on-resistance Vgoot.sw = 3.0V 5.8 mQ
Rpson(Ls) Low-side MOSFET on-resistance Vyee = 3.3V 23 mQ
ton(min) Minimum ON pulse width 40 ns
torF(min) Minimum OFF pulse width (1) 130 160 ns
BOOT CIRCUIT
ls0oT(LKG) Leakage current into BOOT pin \S/V\CII’E‘C;II:I]SV Veoor-sw = 3V, Enabled, Not 23 31 pA
OVERCURRENT PROTECTION
OC limit high clamp Xg"zeﬁ’;”"e”t on LS FET, 00 < Ry < 25 275 A
KocL Constant for Ry equation 120000 AxQ
Valley current on LS FET, Ry = 4.32kQ 25 27.5 A
Valley current on LS FET, Ry = 5.36kQ 17.9 221 26.5 A
ILs(oc) Low-side valley current limit, open loop Valley current on LS FET, Ry = 7.32kQ 13.0 16.2 19.6 A
Valley current on LS FET, Ry = 10.7kQ 8.5 11.1 13.7 A
Valley current on LS FET, Ry jy = 20kQ 4.0 5.9 7.9 A
ILs(noc) Low-side negative current limit, open loop Sinking current limit on LS FET -10 -7.5 A
RiLim ILIM pin resistance range 0 20 kQ
e Zero-cross detection current threshold to Vi = 12V ~700 mA

enter DCM, open loop
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5.5 Electrical Characteristics (¥tX)

T, =-40°C to +125°C, Vycc = 3V (internal), Vyy = 4V to 16V. Typical values are at T; = 25°C and Vy N = 12V (unless
otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Zero-cross detection current threshold _
lzcvs) hysteresis after entering DCM, open loop Vin=12v 1000 mA
OUTPUT OVP AND UVP
Vovp VO(;’lf;;Z"age'p“’teCt'o” (OVP) threshold TPS54KB21 and TPS54KB23, Vg rising 113% 116% 119%
Vive yg]fazr;""age'pr°te°t'°” (UVP)threshold | 1p554kB21 and TPS54KB23, Veg falling 76% 79% 82%
Vovp Voo"lfa“g’g"age'pr°te°t'°” (OVP)threshold | 1p554KB20 and TPS54KB22, Vg rising 15%  118%  121%
Vuve \L,J;l?azr‘é°'tage'p’°te°“°” (UVP)threshold | 15554120 and TPSB4KB22, Veg falling 77% 80% 83%
tovpDLY OVP delay With 100mV overdrive 400 ns
tuvppLY UVP filter delay 70 us
Hiccup wait time TPS54KB22 and TPS54KB23 7 X tss ms
POWER GOOD
VPGTHRISE_OV) Power-good threshold ;Zﬁﬁgﬁ?ﬁf’o:’“d TPS54KB22, FB rising, 15%  118%  121%
VPGTH(RISE_UV) Power-good threshold -FI;ESIS):/thzh?gind TPS54KB22, FB rising, 89% 92.5% 95%
TPS54KB20 and TPS54KB22, FB falling,
VPGTH(FALLiUV) Power-good threshold PG hlgh to low 9 77% 80% 83%
VpGTHRISE OV) Power-good threshold :,gsrﬁ;ﬁ?fﬂojv”d TPS54KB23, FB rising, 13%  116%  119%
TPS54KB21 and TPS54KB23, FB rising,
VPGTH(RISE_UV) Power-good threshold PG low to high 91%
TPS54KB21 and TPS54KB23, FB falling,
VPGTH(FALL_UV) Power-good threshold PG high to low 79%
PG delay going from low to high during
startup 1.3 ms
PG delay going from high to low 4 6.2 us
PG pin leakage current when open drain _
lpa(ke) output is high Vee =6V 7 WA
PG pin output low-level voltage lpg = 7TmMA 500 mV
PG pin output low-level when VIN and VCC Vi = OV, Ve = OV, Ven = OV, Ipg = 25uA 650 mv
are low
PG pin output low-level when VIN and VCC Vvin= 0V, Vyee = 0V, Vey = 0V, Ipg = 250pA 800 mV
are low
THERMAL SHUTDOWN
Tysp) Thermal shutdown threshold (1) Temperature rising 150 170 °C
TyHys) Thermal shutdown hysteresis (1) 13 °C
OUTPUT DISCHARGE
Output discharge resistor on SW pin ;/i'g‘azlliv' Vsw = 1V, power conversion 100 Q

(1)  This parameter is provided for reference only, and do not consitute part of Tl's published device specifications for purpose of Tl's
product warranty.
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5.6 Typical Characteristics

100 94
98 92
9 [ — —— 90 / =
- / —
_os // e R B 88 //, fl  T~—]
S =
< 92 (/7 \: 86 1/ / ]
% 90 I/ == 2 a4 ]
g / g /
& 88y £ 82
w
86 %’,’ 80
o — Vourt =5V — Vour = 1.8V
— Vour = 3.3V 78] — Vour = 1.2V
82 e VOUT =25V 76 — VOUT =1V
" —— Vour = 1.8V . ,l —— Vour = 0.8V
0 2 4 6 8 10 12 14 16 18 20 22 2425 0 2 4 6 8 10 12 14 16 18 20 22 2425
Output Current (A) Output Current (A)
ViN =12V Vyecc = 3V internal fsw = 800kHz Viy = 12V Vyee = 3V internal fow = 800kHz
Lout = 470nH DCR = 1.35mQ FCCM Loyt = 150nH DCR = 0.15mQ FCCM
5-1. Efficiency With Voyr 2 1.8V 5-2. Efficiency With Voyr < 1.8V
98 94
97.5 —— fgw = 800kHz
97 —— fsw = 1100kHz 92
969.2 —— fsw = 1400kHz 9
—
- 95.5 7 . 88 // —
< 9492 / ~ e 86 V.
v /4 5 v =
3 935 / ~ 5 8 [ 77 ~
g sss| )/ = . 7/
" 925 / u //
92 ,’ so|—f//
919'? 1] 78 / / —— fow = 800kHz
005 76 |1l — fsw = 1100kHz
50 vy l'lll —— fgw = 1400kHz
0 2 4 6 8 10 12 14 16 18 20 22 2425
0 2 4 6 8 10 12 14 16 18 20 22 2425
Output Current (A) Output Current (A)
ViN =12V Vyec = 3V internal Vour = 3.3V Vin = 12V Vyee = 3V internal Vout = 1.0V
Lour=470nH  DCR =1.35mQ FCCM Lour=150nH  DCR=0.15mQ FCCM
5-3. Efficiency versus fgy With Vgoyr = 3.3V 5-4. Efficiency versus fsyy With Vour = 1.0V
98 94
97.5
97 92
969.2 —— 90 —
95.5 — 88 =’ —— —
= % /74 —— _ 777 —
§ 95 // \ R 86 /// -
& 945 4 = 1//4
S 94 / =~ g a4 //
5 93.5 2 —
5 o3 = 82
92.5 u ]
92 ,'/ 80—
S — Vo3l o — Vuco =5V Extenal
905 [ ] — chc — internal 76 —— Vycc = 3.3V External
90 [ vee . —— Vycc = Internal
7
0 2 4 6 8 10 12 14 16 18 20 22 2425
0 2 4 6 8 10 12 14 16 18 20 22 2425
Output Current (A) Output Current (A)
Vin = 12V Vour = 3.3V fsw = 800kHz Vi = 12V Vour = 1.0V fow = 800KHz
Lour = 470nH DCR = 1.35mQ FCCM Lout = 150nH DCR = 0.15mQ FCCM
5-5. Efficiency versus VCC Bias With Vour = 3.3V 5-6. Efficiency versus VCC Bias With Voyr = 1.0V
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5.6 Typical Characteristics (continued)

V|N =12V VVCC =3V internal
LOUT = 800nH fSW = 800kHz

5-7. Thermal Image — 5V Output, TPS54KB20EVM, 6 Layers

IOUT =20A

V|N =12V VVCC = 3V internal
LOUT =470nH fSW = 800kHz

5-8. Thermal Image — 3.3V Output, TPS54KB20EVM, 6 Layers

IOUT =25A

Vin = 12V Vyee = 3V internal louT = 20A Vin = 12V Vyee = 3V internal louT = 20A
Loyt = 800nH fow = 800kHz Lout = 470nH fow = 800kHz
5-9. Thermal Image — 5V Output, 3 Inch x 3 Inch, 4 Layers 5-10. Thermal Image — 3.3V Output, 3 Inch x 3 Inch, 4 Layers
1700
— R = 0Q (800 kHz)
1600 —_ Rm:Et = 13.3kQ (1100 kHz)
= 1500 —— RyseL = 30.1kQ (1400 kHz)
I
=< 1400
&
S 1300
g 1200
[T
2 1100
S 1000
=
900
Vin = 12V Vyee = 3V internal louT = 25A 800
Lour = 150nH fsw = 1100kHz 7001 45 2 25 3 35 4 45 5
5-11. Thermal Image — 1V Output, TPS54KB20EVM, 6 Layers Output Voltage (V)
VIN =12V VVCC = 3V internal IOUT =5A
LOUT =470nH

5-12. Switching Frequency versus Output Voltage
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5.6 Typical Characteristics (continued)

880 1210
Vour = 1V 1190 — Vour =1V
860 VOUT =1.8V — VOUT =1.8V
= — VOUT =3.3V = 1170 — VOUT =3.3V
L 840 < 1150
> >
3 820 g 1130
c
/
g T S 1110
g 800 g
£ — | — L 1090 —
2 780 — £ 1070
=
S S~ £ 1050 =
S 760 3
D 1030
740 1010
720 990
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Input Voltage (V) Input Voltage (V)
Lour =470nH  Vycc = 3V internal lour = 5A Lour =470nH  Vycc = 3V internal lout = 5A
5-13. 800kHz Switching Frequency versus Input Voltage 5-14. 1100kHz Switching Frequency versus Input Voltage
1510 880
1480 — Vour =1V Vout = 1V, Loyt = 150nH
1450 — Vout = 1.8V 860 —— Vour = 1.8V, Loyt = 150nH
= — Vout = 3.3V . — Vour = 3.3V, Loyt =470nH
£ 1420 N 840 —— Vour = 5V, Loyt = 470nH
< 1390 =
>
g 1360 — S g 820
2 1330 s 800
£ 1300 2
2 1270 \\ 2 780
5 1240 N S
2 1210 & 760
11
80 740
1150
1120 720
2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 20 22 2425
Input Voltage (V) Output current (A)
Lour =470nH  Vycc = 3V internal lout = 5A ViN = 12V Vycc = 3V internal FCCM
%] 5-15. 1400kHz Switching Frequency versus Input Voltage 5-16. 800kHz FCCM Switching Frequency versus Output
Current
1,000 1210
1190 — VOUT = 1V, LOUT = 150nH
— VOUT =1.8V, LOUT = 150nH
. 800 __ 1170 — Vour =3.3V, Loyt = 470nH
N N —— Vour = 5V, Lout = 470nH
é /’ \E] 1150 ouT ouT
> >
S 600 g 1130 - -
3 S 1110 =
g & L7
= 400 £ 1090 L
(=2 o
£ £ 1070
E E 1050
200 — Vour = 1V, Lout = 150nH 1030
— Vour = 1.8V, Loyt = 150nH 1010
— Vour = 3.3V, Loyt = 470nH
0 990
0 2 4 6 8 10 12 14 16 18 20 22 2425 0 2 4 6 8 10 12 14 16 18 20 22 2425
Output current (A) Output current (A)
VIN =12V VVCC = 3V internal Skip-mode VIN =12V VVCC =3V internal FCCM
5-17. 800kHz Skip-mode Switching Frequency versus Output 5-18. 1100kHz Switching Frequency versus Output Current
Current
Copyright © 2024 Texas Instruments Incorporated BHEHZBTT 57— RN 2 (BB GPY) &85 1

Product Folder Links: TPS54KB20
English Data Sheet: SLVSGP3


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/tps54kb20?qgpn=tps54kb20
https://www.ti.com/ja-jp/lit/pdf/JAJSNP4
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSNP4A&partnum=TPS54KB20
https://www.ti.com/product/ja-jp/tps54kb20?qgpn=tps54kb20
https://www.ti.com/lit/pdf/SLVSGP3

TPS54KB20
JAJSNP4A — MAY 2023 — REVISED FEBRUARY 2024

13 TEXAS
INSTRUMENTS

www.ti.com/ja-jp

5.6 Typical Characteristics (continued)

1510
1480 Vourt = 1V, Loyt = 150nH
1450 — VOUT =1.8V, LOUT = 150nH
—_— VOUT =3.3V, LOUT =470nH
1420 — VOUT =5V, LOUT =470nH

1390
1360
1330
1300 |~
1270
1240
1210
1180
1150
1120

Switching frequency (kHz)

0O 2 4 6 8 10 12 14 16
Output current (A)

18 20 22 2425

Vi = 12V Vyce = 3V internal FCCM

5-19. 1400kHz Switching Frequency versus Output Current

0.503

0.502

0.501

0.5V reference (V)
=}
o

N
n
©
©

0.498

0.497
-50 -25 0 25 50 75 100 125 150
Junction temperature (°C)

V|N =12V

5-20. 0.5V Reference Voltage versus Junction Temperature

0.905

0.904

0.903

0.902
0.901
0.9

0.899

0.9V reference (V)

0.898

0.897
0.896

0.895
-50 -25 0 25 50 75 100 125 150
Junction temperature (°C)

VIN =12V

5-21. 0.9V Reference Voltage versus Junction Temperature

-50 -25 0 25 50 75 100 125 150
Junction Temperature (°C)

VN = 12v Ven = 2V IVCC =25mA

5-22. VCC Pin Output Voltage versus Junction Temperature

15
14

VIN Pin Shutdown Supply Current (uA)

-50 -25 0 25 50 75 100 125 150
Junction Temperature (°C)

ViN =12V Ven = 0V No external VCC

bias

5-23. VIN Pin Shutdown Quiescent Current versus Junction
Temperature

__ 1000
<<
2 990
c
2 o980
3
Q. 970
Q.
S 960
(2]
g 950
S 940
H
2 930
2
2 920
o
=z 910
= 900

-50 -25 0 25 50 75 100 125 150
Junction Temperature (°C)

ViN =12V Ven = 2V No external VCC
bias

VFB = VREF +10mV

5-24. VIN Pin Nonswitching Quiescent Current versus
Junction Temperature
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5.6 Typical Characteristics (continued)

30 18
— Rium < 4.32kQ
— RILIM = 5.36kQ 16
28 — Rim = 7.32kQ
— s —_— ILIM
< 1 < 14 — RiLm = 10kQ
:‘E ‘é — Rjum = 20kQ2
g 26 2 12
[ c
[ o
3 24 3 10
> >
k) k)
= = 8
> >
22
6
20 4
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Junction Temperature (°C) Junction Temperature (°C)
ViN =12V Open loop ViN =12V Open loop
5-25. Valley Current Limit versus Junction Temperature (Low 5-26. Valley Current Limit versus Junction Temperature (High
RiLim) RiLim)
10 4
—— High-side MOSFET —— VIN UVLO Rising
9| — Low-side MOSFET 3.95 —— VIN UVLO Falling
8 3.9
7
G . 3.85
E 6 =
= z 3.8
e 5| ——] &
=] 3.75
©oy
3 3.7
—
5 T 3.65
1 3.6
-50  -25 0 25 50 75 100 125 150
-50 -25 0 25 50 75 100 125 150 N o
Junction Temperature (°C) Junction Temperature (°C)
] 5-28. VIN Pin Undervoltage Lockout versus Junction
ViN =12V \ =3.3V V sw = 3V .
IN vce BOOT-SW Temperature
5-27. MOSFET Rpg(on) versus Junction Temperature
2.8 1.3
—— VCC UVLO Rising
—— VCC UVLO Falling 1.2
2.75
1.1
2.7 1
S S 09
g 2.65 =
< L 08 —_
. 0.7 —_
0.6
2.55 —— Enable Switching Rising
0.5 | — Disable Switching Falling
—— Enable VCC Rising
25 0.4
-50 -25 0 25 50 75 100 125 150 -50 25 0 25 50 75 100 125 150
Junction Temperature (°C) Junction Temperature (°C)
ViN =12V VN =12V
5-29. VCC Pin Undervoltage Lockout versus Junction 5-30. EN Pin Thresholds versus Junction Temperature
Temperature
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5.6 Typical Characteristics (continued)

1,050
1,040
1,030
1,020
1,010
1,000
990
980
970

Ren Internal to Ground (kQ)

-50 -25 0 25 50 75 100 125 150
Junction Temperature (°C)

V|N =12V VEN =7V

B4 5-31. EN Pin Internal Resistance to Ground versus Junction
Temperature

40

39

38

37

36

Iss (uA)

35

34

33

32
-50 -25 0 25 50 75 100 125 150
Junction Temperature (°C)

VEN =2V

VIN =12V

5-32. SS Pin Output Current versus Junction Temperature
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1.04
1.03
1.02
1.01

0.99
0.98
0.97
0.96

0.95
-50 -25 0 25 50 75 100 125 150
Junction Temperature (°C)

VEN =2V

Soft Start Done Threshold (V)

V|N =12V

%] 5-33. Soft-Start Done Voltage Threshold versus Junction
Temperature (Vggr = 0.5V)

1.272

1.26
1.248
1.236
1.224
1.212

12—

1.188
1.176
1.164
1.152

1.14
-50 -25 0 25 50 75 100 125 150
Junction Temperature (°C)

VEN =2V

Soft Start Done Threshold (V)

VIN =12V

5-34. Soft-Start Done Voltage Threshold versus Junction
Temperature (Vger = 0.9V)
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115

110
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re Rising PGOOD High
ra Falling PGOOD Low (UVP)

100 -

95
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PGOOD Threshold (%)

85
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-50 -25 0 25 50 75 100 125 150
Junction Temperature (°C)

V|N =12V

5-35. Power-Good Thresholds versus Junction Temperature
(Vrer = 0.5V)

120

115

110
105 —— Vgg Rising PGOOD Low (OVP)
—— Vgg Rising PGOOD High
100 —— Vgg Falling PGOOD Low (UVP)

95

90

PGOOD Threshold (%)

85

80
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-50 -25 0 25 50 75 100 125 150
Junction Temperature (°C)

VIN =12V

5-36. Power-Good Thresholds versus Junction Temperature
(Vrer = 0.9V)
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5.6 Typical Characteristics (continued)

1 7
— lpg = 25pA
—— Ipg = 250pA z 6.5
0.9 Z s
— —~— 5
[0}
= B E 55
& o8 — o —
= 5
S - \\ E’ |~
a 8 45
9 07 > 7
Ie) o
Q T~ 8 4
o i >
06 E— g 35
. g 3.
T~ & 3 ]
0.5 2.5
-50 -25 0 25 50 75 100 125 150 ’ 3 35 4 4.5 5 55 6
Junction temperature (°C) Power good voltage (V)
VN =0V Vyee = 0V Ven =0V VN = 12V Ven =3V Vg = Vrer + 10mV
5-37. Power-Good Clamp Voltage versus Junction 5-38. Power-Good Leakage Current versus Power-Good
Temperature Voltage
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6 Detailed Description
6.1 Overview

The TPS54KB2x device is a high-efficiency, single-channel, small-sized, synchronous buck converter. The
device is designed for low output voltage point-of-load applications with 25A or lower output current in server,
storage, and similar computing applications. The TPS54KB2x features proprietary D-CAP4 mode control
combined with adaptive on-time architecture. This combination builds modern low-duty-ratio and ultra-fast load-
step-response DC/DC converters in an excellent fashion. The output voltage set by the feedback voltage divider
ranges from the internal voltage reference to 5.5V. The conversion input voltage ranges from 4V to 16V, and the
VCC input voltage ranges from 3.1V to 5.3V. The D-CAP4 modulator uses emulated current information to
control the modulation. The D-CAP4 modulator reduces loop gain variation with different output voltages
providing better transient response in higher output voltage applications. An advantage of this control scheme is
that this control scheme does not require a phase-compensation network outside which makes the device easy-
to-use and also allows low external component count. Another advantage of this control scheme is that this
control scheme supports stable operation with all low ESR output capacitors (such as ceramic capacitors and
low ESR polymer capacitors). Lastly, adaptive on-time control tracks the preset switching frequency over a wide
range of input and output voltages while increasing switching frequency as needed during load-step transients.

6.2 Functional Block Diagram

uv —| PG
VvCC
Threshold
Lp =
l ﬂ- PG Driver i
A A
ss I:] VIN 4
vee 3 Enable LDO
—_— = —>
l EN_SS E _ﬁ'
Reference rl :I vee
generator 7 %Y hold
resho il BOOT
PG/ pG REG
OvP/ VCCOK
h UVP VCC UVLO < BOOT
EA +
VIN
] - PWM VINOK VIN
- Trigger
FB +
RSA + HS FET VIN UVLO
GOSNS - Gate >
Drive 1

-

Control Logic
EN

EN + Enable

e p]
EN Threshold —ﬂ— vee
=
™ LS FET g :
ThermalOK Gate
OT Threshold Drive .H] PGND
b

Skip-mode/ »| Mode 7D/ Zero Cross
FCCM NOC Detection/ =

Negative OC
. . One-
Adaptive on-time shot
Output
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Limit [ ILIM
A L]
AGND[]@ =
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6.3 Feature Description
6.3.1 Internal VCC LDO and Using External Bias On the VCC Pin

The TPS54KB2x has an internal 3.0V LDO featuring input from VIN and output to VCC. When the EN voltage
rises above the enable threshold (Venr)), the internal LDO is enabled and starts regulating output voltage on the
VCC pin. The VCC voltage provides the bias voltage for the internal analog circuitry and also provides the supply
voltage for the gate drivers.

Bypass the VCC pin with a 1uF, at least 6.3V rating ceramic capacitor. An external bias that is above the output
voltage of the internal LDO can override the internal LDO. This action enhances the efficiency of the converter
because the VCC current now runs off this external bias instead of the internal linear regulator. An external bias
of 5.0V can be used to provide additional efficiency enhancement by reducing the Rpson of the integrated power
MOSFETSs.

The VCC UVLO circuit monitors the VCC pin voltage and disables the whole converter when VCC falls below the
VCC UVLO falling threshold. Maintaining a stable and clean VCC voltage is required for a smooth operation of
the device.

Considerations when using an external bias on the VCC pin are as follows:

*  When the external bias is applied on the VCC pin early enough (for example, before EN signal comes in), the
internal LDO pass device is always off and the internal analog circuits have a stable power supply rail at the
power enable.

* (Not recommended) When the external bias is applied on the VCC pin late (for example, after EN signal
comes in), any power-up and power-down sequencing can be applied as long as there is no excess current
pulled out of the VCC pin. With this sequence, be cautious of external discharge paths on the VCC pin which
can pull a current higher than the current limit of the internal VCC LDO. A load exceeding the current limit of
the internal VCC LDO can potentially pull the VCC voltage low and turn off the VCC LDO through the UVLO,
thereby shutting down the converter output.

* A good power-up sequence is when at least one of VIN UVLO rising threshold or EN rising threshold is
satisfied later than VCC UVLO rising threshold. For example, a practical power-up sequence is: VIN applied
first, then the external bias applied, and then the EN signal goes high.

6.3.2 Enable

When the EN pin voltage rises above the enable threshold voltage (Venr)) and VIN rises above the VIN UVLO
rising threshold, the device enters the internal power-up sequence. The EN to start of switching delay is
specified in the STARTUP section of the Electrical Characterisitcs table.

The EN pin has an internal filter to avoid unexpected ON or OFF due to small glitches. The time constant of this
RC filter is 2us. For example, when applying 3.3V voltage source on the EN pin that jumps from 0V to 3.3V with
an excellent rising edge, the internal EN signal reaches 2.1V after 2us, which is 63.2% of applied 3.3V voltage
level.

An internal pulldown resistor is implemented between the EN pin and AGND pin. With this pulldown resistor,
floating the EN pin before start-up keeps the device in the disabled state. A resistor divider to the EN pin can be
used to increase the input voltage the device begins the start-up sequence. The internal pulldown resistor must
be accounted for when using an external resistor divider. To reduce impact to the EN rising and falling threshold,
this internal pulldown resistor is 1MQ. During nominal operation when the power stage switches, this large
internal pulldown resistor can not have enough noise immunity to hold EN pin low for the device to enter the
disabled state.

The recommended operating condition for the EN pin is a maximum of 5.5V. Do not connect the EN pin to the
VIN pin directly if VIN can exceed 5.5V.
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6.3.3 Adjustable Soft Start

The device implements an externally adjustable soft start set by the external soft-start capacitor (Cgg) connected
between the SS and AGND pins. The SS pin has a 36pA internal pullup current source (lsg) that charges Cgs.
The FB voltage follows the SS pin voltage with a small offset. When the SS pin voltage is near the internal
reference voltage, a smooth transition occurs to FB being regulated to the internal reference. The device soft-
start period is complete when the SS pin voltage reaches Vssipong) given in the Electrical Characteristics table.

The Cgg value can be determined by 3\ 1. The soft-start capacitor must be in the range of 10nF to 1uF. Tl does
not recommend leaving the SS pin open. The soft-start time is typically selected to either satisfy timing
requirements in the system or to minimize inrush current to charge the output capacitors during start-up.

tgs X Iss
1
VFB_REG (1)

Css =

If during normal operation VIN goes below the UVLO, VCC goes below the UVLO, the EN pin is pulled below the
Ven(F) threshold, the output turns off due to under voltage protection or a thermal shutdown event occurs, the
device stops switching and an internal discharge path is enabled to discharge the SS pin capacitance. This
internal discharge path remains active as long as there is sufficient VCC to enable the path, typically 1.5V. The
internal discharge path is disabled when the device enters the soft-start period during power up.

Cgss also sets the hiccup wait-time before a restart attempt for the TPS54KB22 355 1OF TPS54KB23 devices. After
a fault triggers the hiccup response the soft-start capacitor is discharged through the internal discharge path,
then recharged with the internal pullup current source to Vsspong) seven times. This response sets the hiccup
wait time to 7xtgs. [X| 6-1 shows the device entering hiccup due to an output short circuit and [X| 6-2 shows the
device exiting hiccup after the output short has been removed.

******************************

. - - - SW (10V/div)

_ . SS (2V/div)

6-1. Entering Hiccup B 6-2. Exiting Hiccup
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6.3.4 Power Good

The device has a power-good (PG or PGOOD) output that goes high to indicate when the converter output is in
regulation. The power-good output is an open-drain output and must be pulled up to the VCC pin or an external
voltage source (< 5.5V) through a pullup resistor to go high. The recommended power-good pullup resistor value
is 1kQ to 100kQ.

After the soft-start ramp finishes, the power-good signal becomes high after a 1.3ms internal delay. An internal
soft-start done signal goes high when the SS pin voltage reaches Vsspong) to indicate the soft-start ramp has
finished. If the FB voltage drops to 80% of the Vrer voltage or exceeds 118% of the Vrgr voltage, the power-
good signal latches low after a 4us internal delay. The power-good signal can only be pulled high again after re-
toggling EN or a reset of VIN. The PGOOD thresholds given are for the 0.9V reference devices and vary slightly
with the 0.5V reference devices. Refer to z7=2 5 for more detailed specifications.

If an OV event causes the FB voltage to exceed the OV threshold during soft start, but the FB voltage drops
below the OV threshold before soft start is completed, the power-good signal is not latched low. Power good
pulls low if FB exceeds the OV threshold again or drops below the UV threshold, but does not latch low until after
the soft-start ramp finishes. FB exceeding the OV threshold during soft start does however trigger the OV fault
response, and the device response to OV typically pulls the output voltage below the UV threshold. The OV fault
response is described in 7= 6.3.12.

If the input supply fails to power up the device (for example VIN and VCC both stay at zero volts) and this pin is
pulled up through an external resistor, the power-good pin clamps low to the low-level specified in the POWER
GOOD section in the Electrical Characteristics.

6.3.5 Output Voltage Setting

The output voltage is programmed by the voltage-divider resistors, Reg T and Rrg g. Connect Rgg 1 between the
FB pin and the positive node of the load, and connect Rgg g between the FB pin and GOSNS pin. The FB pin is
regulated to the internal reference (Vrgr). The recommended Rrg g value is 10kQ, ranging from 1kQ to 15kQ.
Determine Rrg T by using = 2. The maximum Rgg g is primarily limited by leakage current out of the SW pins. A
larger Rrg B is allowed if a minimum output load can be provided in the application to sink this leakage current.

R _ Vout — VREF
FB.T = ™ VRgr

X Rpp_B (2)

To improve the overall Vot accuracy, Tl highly recommends using a +1% accuracy or better resistor for the FB
voltage divider. Regardless of remote sensing or single-ended sensing, always place the FB voltage divider,
Rrs_t and Reg g, as close as possible to the device.

6.3.6 Remote Sense

The device integrates a remote sense amplifier across the FB and GOSNS pins. The remote sense function
compensates for voltage drop on the PCB traces helping to maintain Vgyr accuracy under steady state
operation and load transient events. The Vqyt connection of the remote sensing signal must be connected to the
feedback resistor divider with the lower feedback resistor, Rrg g, terminated at the GOSNS pin.

The FB voltage divider resistors must be kept near the device to minimize the trace length connected to the FB
pin. The connections from the FB voltage divider resistors and the GOSNS pin to the remote location must be a
pair of PCB traces with Kelvin sensing across a bypass capacitor of 0.1uF or higher. To maintain stable output
voltage and minimize the ripple, the pair of remote sensing lines must stay away from any noise sources such as
inductor and SW nodes, or high frequency clock lines. Tl recommends to shield the pair of remote sensing lines
with ground planes above and below.

Single-ended Vgyt sensing can also be used for local sensing. For this configuration connect the higher FB
resistor Rgg 1 to a high-frequency local bypass capacitor of 0.1uF or higher, and short GOSNS to AGND.

The recommended GOSNS operating range (relative to the AGND pin) is —100mV to +100mV.
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6.3.7 D-CAP4 Control

The device uses D-CAP4 control to achieve a fast load transient response while maintaining ease-of-use. The D-
CAP4 control architecture includes an internal ripple generation network enabling the use of very low-ESR
output capacitors such as multi-layered ceramic capacitors (MLCC) and low ESR polymer capacitors. No
external current sensing network or voltage compensators are required with D-CAP4 control architecture. The
role of the internal ripple generation network is to emulate the ripple component of the inductor current
information and then combine with the voltage feedback signal to regulate the loop operation.

D-CAP4 control architecture reduces loop gain variation across Voyt, enabling a fast load transient response
across the entire output voltage range with one ramp setting. The R-C time-constant of the internal ramp circuit
sets the zero frequency of the ramp, similar to other R-C based internal ramp generation architectures. The
reduced variation in loop gain also mitigates the need for a feedforward capacitor to optimize the transient
response. The ramp amplitude varies with V)y to minimize variation in loop gain across input voltage, commonly
referred to as input voltage feedforward. Lastly, the device uses internal circuitry to correct for the dc offset
caused by the injected ramp, and removes the dc offset caused by the output ripple voltage, especially with light
load current when skip mode operation is selected.

# 6-1 gives details on the different ramp settings selectable through the MSEL resistor value described in %
6-4. The effective ramp amplitudes are given relative to VREF = 0.9V, RAMP1. The VREF = 0.5V ramp
amplitudes include the change in gain due to a larger division ratio needed for the FB divider with the lower
reference voltage.

£ 6-1. Selectable Ramp Amplitudes

Relative Effective Ramp Amplitude .
Ramp Zero Location (kHz)
VREF = 0.9V VREF = 0.5V
RAMP1 1x 1.2% 32
RAMP2 1.8x% 2.3x 32
RAMP3 1.6 2.1x 53
RAMP4 2.1x 3.8x 53

RAMP2 and RAMP3 result in similar loop bandwidth as the ramp amplitudes are similar. The primary difference
between these two settings is the ramp zero frequency. The lower ramp zero location for RAMP2 increases
phase margin. However, RAMP3 provides faster transient response than RAMP2 because RAMP3 gives higher
gain across the entire frequency range due to smaller ramp amplitude and higher ramp zero location. For most
applications, RAMP3 must be used instead of RAMP2. RAMP2 can be used to provide phase boost in
applications using an L-C whose double pole frequency allows using RAMP1 but where minimizing jitter is more
important than faster transient response. [%| 6-3 and [X| 6-4 show how the loop characteristics changes with the
different ramp settings for devices with a 0.9V reference. 6-5 and 6-6 show how the loop characteristics
changes with the different ramp settings for devices with a 0.5V reference.
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For any control topologies supporting no external compensation, there is a minimum range, maximum range, or
both, for the output filter the control topologies can support. The output filter used for a typical buck converter is a
low-pass L-C circuit. This L-C filter has double pole that is described in =X 3.

£ 1

P =
2 X T X "’LOUT X COUT (3)

At low frequencies, the overall loop gain is set by the output set-point resistor divider network and the internal
gain of the device. The low frequency L-C double pole has a 180-degree drop in phase. At the output filter
frequency, the gain rolls off at a —40dB per decade rate and the phase drops rapidly. The internal ripple
generation network introduces a high-frequency zero that reduces the gain roll off from —40dB to —20dB per
decade. The zero also increases the phase by 45 degrees at the zero frequency and by 90 degrees at a decade
above the zero frequency.

The inductor and capacitor selected for the output filter must be such that the fp double pole of ={ 3 is located no
higher than the value given in & 6-2 for VREF = 0.9V and # 6-3 for VREF = 0.5V, then adjusted based on the

nominal duty cycle in the application using =\ 4. =\ 4 scales up the fp(TaBLE) because, as the duty cycle increases
the gain of the D-CAP4 ramp decreases, so the maximum L-C double pole also increases.
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Vour )2)
f =f X1+ ( 4
P(MAX) = fP(TABLE) ( ViN(typ) (4)

# 6-2. 0.9V reference maximum L-C double pole
Maximum L-C Double Pole Frequency (kHz)

Switching frequency (kHz)

RAMP1 RAMP2 and RAMP3 RAMP4
800 14.0 18.3 20.3
1100 19.3 251 27.9
1400 24.5 31.9 35.5

# 6-3. 0.5V reference maximum L-C double pole
Maximum L-C Double Pole Frequency (kHz)

Switching Frequency (kHz)

RAMP1 RAMP2 and RAMP3 RAMP4
800 15.3 19.9 26.5
1100 21.0 27.4 36.4
1400 26.8 34.9 46.4

An L-C double pole frequency that violates these guidelines for each ramp setting can be possible, but must be
validated in the application with measurements. Choosing very small output capacitance leads to a high
frequency L-C double pole which causes the overall loop gain to stay high until the L-C double pole frequency.
Given the zero from the internal ripple generation network is a relatively high frequency as well, the loop with
very small output capacitance can have too high of a crossover frequency which can cause instability. In general,
where reasonable (or smaller) output capacitance is desired, output ripple requirement and load transient
requirement can be used to determine the necessary output capacitance for stable operation. The internal zero
is selected by the resistor at the MSEL pin, as described earlier.

If MLCCs are used, consider the derating characteristics to determine the effective output capacitance for the
design when calculating the L-C double pole frequency. For example, when using an MLCC with specifications
of 10pF, X5R and 6.3V, the derating by DC bias and AC bias are 80% and 50%, respectively. The effective
derating is the product of these two factors, which in this case is 40% and 4pF. Consult with capacitor
manufacturers for specific characteristics of the capacitors to be used in the application.

As a simplified rule, if an output capacitor with an ESR zero that is less than 10x the L-C double pole frequency,
Tl recommends to ignore when calculating the L-C double pole frequency for stability purposes. The L-C double
pole frequency must be recalculated using only the low ESR MLCCs. For more accurate analysis when using
mixed type output capacitors, Tl recommends simulations or measurements.

For the maximum output capacitance recommendation, select the inductor and capacitor values so that the L-C
double pole frequency is no less than 1/100th of the operating frequency. With this starting point, verify the small
signal response on the board using the following criteria: The phase margin at the loop crossover is greater than
50 degrees. The actual maximum output capacitance can go higher as long as phase margin is greater than 50
degrees. However, a small signal measurement (Bode plot) must be done to confirm the design.

22 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS54KB20
English Data Sheet: SLVSGP3


https://www.ti.com/product/ja-jp/tps54kb20?qgpn=tps54kb20
https://www.ti.com/ja-jp/lit/pdf/JAJSNP4
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSNP4A&partnum=TPS54KB20
https://www.ti.com/product/ja-jp/tps54kb20?qgpn=tps54kb20
https://www.ti.com/lit/pdf/SLVSGP3

13 TEXAS
INSTRUMENTS TPS54KB20
www.ti.comlja-jp JAJSNP4A — MAY 2023 — REVISED FEBRUARY 2024

If requiring an L-C double pole frequency <1/50th the operating frequency, Tl recommends using a mixed type
output capacitor to achieve the desired effective capacitance. In addition to providing higher density of
capacitance, a bulk capacitor with higher ESR also provides phase boost at the L-C double pole frequency. If
only low ESR MLCC capacitors are used with an L-C double pole frequency <1/50th the operating frequency, a
feedfoward capacitor (Cgg) can be added to provide a zero at 10x the L-C double pole frequency. Besides
boosting the phase, a Cgr feeds more Voyt node information into the FB node through AC coupling. This
feedforward during load transient event enables faster response of the control loop to a Vgoyr deviation.
However, this feedforward during steady state operation also feeds more Vgoyr ripple and noise into FB. High
ripple and noise on FB usually leads to more jitter, or even double-pulse behavior. To determine the final Cgg
value, impacts to loop stability, load transient performance, ripple, and noise on FB must all be considered. Tl
recommends using frequency analysis equipment to measure the crossover frequency and the stability margin.
In most applications, a feedforward capacitor is typically not required because the D-CAP4 architecture provides
high loop bandwidth and adding a feedforward capacitor can result in low stability margin.

6.3.8 Multifunction Select (MSEL) Pin

The device provides Forced Continuous-Conduction Mode (FCCM) operation for tight output ripple applications
and auto-skip Eco-mode for high light-load efficiency. The device allows users to select the switching frequency
and operation mode by connecting a resistor from the MSEL pin to AGND pin. Additionally, the user can use the
MSEL pin to select the internal ramp amplitude and ramp zero to optimize the control loop for fastest transient
response. More details on the different ramp settings are given in ‘=72 6.3.7. 3 6-4 lists the resistor values
for the switching frequency, operation mode, and ramp selection. A +1% tolerance resistor with a typical
temperature coefficient of £100ppm/°C is required for accurate detection across the device operating range.

The MSEL state is set and latched during the internal power-on delay period. Changing the MSEL pin resistance
after the power-on delay does not change the status of the device.

To make sure the internal circuit detects the resistor value correctly, do not place any capacitor on the MSEL pin.
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R 6-4. MSEL Pin Selection

MSEL PIN

RESISTANGETo || STEATIOVMORE, | SWITCHNG FREQUENGY | e
0 (SHORT) FCCM 800 RAMP4
4.99 FCCM 800 RAMP3
7.50 FCCM 800 RAMP2
10.5 FCCM 800 RAMP1
13.3 FCCM 1100 RAMP4
16.9 FCCM 1100 RAMP3
21.0 FCCM 1100 RAMP2
24.9 FCCM 1100 RAMP1
30.1 FCCM 1400 RAMP4
35.7 FCCM 1400 RAMP3
42.2 FCCM 1400 RAMP2
48.7 FCCM 1400 RAMP1
56.2 Skip-mode 800 RAMP4
64.9 Skip-mode 800 RAMP3
75.0 Skip-mode 800 RAMP2
86.6 Skip-mode 800 RAMP1
102 Skip-mode 1100 RAMP4
118 Skip-mode 1100 RAMP3
137 Skip-mode 1100 RAMP2
158 Skip-mode 1100 RAMP1
182 Skip-mode 1400 RAMP4
210 Skip-mode 1400 RAMP3
243 Skip-mode 1400 RAMP2
2280 (FLOAT) Skip-mode 1400 RAMP1

(1)  Switching frequency varies across input voltage, output voltage, and load. See [X| 5-12 through [X]

5-19.

24
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6.3.9 Low-side MOSFET Zero-Crossing

The device uses a zero-crossing (ZC) circuit to perform the zero inductor current detection during skip-mode
operation. The ZC threshold is set to a small negative value before the low-side MOSFET is turned off, entering
discontinuous conduction mode (DCM) operation. After entering DCM, the ZC threshold hysteresis increases the
threshold to a small positive value. As a result, the device delivers better light-load efficiency.

When the load current increases enough such that the device exits DCM, the ZC circuit must detect 16
consecutive cycles of negative inductor current below the ZC threshold before returning to DCM. Only one cycle
without ZC detection is required to exit DCM.

When the output is enabled, the ZC circuit is also enabled during the first 32 switching cycles while the device is
in soft start. If the MSEL resistor value is for FCCM, ZC is disabled and the device transitions to FCCM when soft
start is complete. See Adjustable Soft Start for description on soft-start completion. If there are not at least 32
switching cycles before soft start is done, such as during start-up with a high output prebias, the ZC is not
disabled until the first high-side MOSFET on-time after soft-start done is complete.

6.3.10 Current Sense and Positive Overcurrent Protection

For a buck converter, during the on-time of the high-side MOSFET, the switch current increases at a linear rate
determined by the input voltage, output voltage, on-time, and output inductor value. During the on-time of the
low-side MOSFET, the current decreases linearly. The average value of the switch current equals the load
current.

The output overcurrent limit (OCL) in the device is implemented using a cycle-by-cycle valley current detect
control circuit. The inductor current is monitored during the on-time of the low-side MOSFET by measuring the
low-side MOSFET drain-to-source current. If the measured drain-to-source current of the low-side MOSFET is
above the current limit threshold, the low-side MOSFET stays ON until the current level becomes lower than the
current limit threshold. This type of behavior reduces the average output current sourced by the device.

During an overcurrent condition, the current to the load exceeds the current to the output capacitors. Thus, the
output voltage tends to decrease. Eventually, when the output voltage falls below the undervoltage-protection
threshold (80%), the UVP comparator detects the fall and shuts down the device after a wait time of 70us.
Depending on the part number, the device either hiccups or latches off, as described in Overvoltage and
Undervoltage Protection.

6-7 shows the cycle-by-cycle valley current limit behavior as well as the wait time before the device shuts
down.

7777777777777777777777777777777777777777777777777777777777777777777777

TR A =20 LY T R e e

,,,,,,, \””,,;X;,VOUT(zwdiv)

o

Time (20us/div)
& 6-7. Overcurrent Protection

If an OCL condition happens during start-up, the device still has cycle-by-cycle current limit based on low-side
valley current. After soft start is finished, the UV event which is caused by the OCL event shuts down the device
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after a wait time of 70us. Depending on the part number, the device either hiccups or latches off after the UV is
tripped as described in Overvoltage and Undervoltage Protection.

The resistor, R ju connected from the ILIM pin to AGND sets current limit threshold. Tl recommends a +1%
tolerance resistor because a worse tolerance resistor provides less accurate OCL threshold. = 5 calculates the
Rium for a given overcurrent limit threshold on the device. = 6 calculates the overcurrent limit threshold for a
given R m value.

To protect the device from an unexpected connection to the ILIM pin, an internal fixed OCL clamp is
implemented. This internal OCL clamp limits the maximum valley current on the low-side MOSFET when the
ILIM pin has too small of a resistance to AGND, or is accidentally shorted to ground. Tl does not recommend
designing with an Ry < 4.32kQ.

KocL
R = 5
ILIM : 1 _ (Vin = Vout) X VouT 1 ®)
OCLIM ~— 7 % VIN L X fsw

where

* lpocLm is overcurrent limit threshold for load current in A
* Ry mis ILIM resistor value in Q

+ KogL is a constant of 120 x 103 for the calculation

* V|yisinput voltage value in V

*  Vgur is output voltage value in V

* L is output inductor value in uH

» fgw is switching frequency in MHz

KocL

(ViN = VouT) X VouT 1 ©)
RILIM

1
+7X VIN L x fow

lIocLim =

6.3.11 Low-side MOSFET Negative Current Limit

The device has a fixed, cycle-by-cycle negative overcurrent limit (I_soc))- Similar with the positive overcurrent
limit, the inductor current is monitored during the on-time of the low-side MOSFET. To prevent too large negative
current flowing through the low-side MOSFET, when the device detects a — 10A current (typical threshold)
through the low-side MOSFET, the device turns off the low-side MOSFET and then turns on the high-side
MOSFET for the on-time set by the one-shot timer (determined by V|\, Vour, and fgy). After the high-side
MOSFET on-time expires, the low-side MOSFET turns on again.

The device must not trigger the — 10A negative current limit threshold during nominal operation, unless a small
inductor value that is too small is chosen or the inductor becomes saturated. This negative current limit is used
to discharge output capacitors after an output OVP event. See Overvoltage and Undervoltage for details.

6.3.12 Overvoltage and Undervoltage Protection

The device monitors a resistor-divided feedback voltage to detect overvoltage and undervoltage events. The
OVP function enables when the output is enabled. The UVP function enables after the soft-start period is
complete. The OVP and UVP thresholds given in the following explanation are for the 0.9V reference devices
and vary slightly with the 0.5V reference devices. Refer to the Electrical Characteristics in 7<=~ 5 for more
detailed specifications.

After soft start is complete, if the FB voltage becomes lower than 80% of the Vrgg voltage, the UVP comparator
trips and an internal UVP delay counter begins counting. After the 70us UVP delay time, depending on the part
number, the device either hiccup or latch off. The TPS54KB22 1L T* TPS54KB23 enter hiccup mode and re-
start after a sleep time of 7 x the soft-start period. The TPS54KB20 LT TPS54KB21 latch off both high-side
and low-side MOSFETs drivers. The latch-off fault can be cleared with a reset of VIN or by toggling the EN pin.
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When the output is enabled, the FB voltage must rise above the 92.5% PG low-to-high threshold to clear the
UVP comparator. If the FB voltage does not exceed the 92.5% threshold by the end of the soft-start period, the
device responds to the undervoltage event.

During the UVP delay time, if the FB voltage becomes higher than the 92.5% PG low-to-high threshold, the
undervoltage event is cleared and the timer is reset to zero. When the output voltage falls below the 80% UVP
threshold again, the 70-ys timer re-starts.

When the FB voltage becomes higher than 118% of the Vggr voltage, the OVP comparator trips and the circuit
latches the fault condition. The high-side MOSFET turns off and the low-side MOSFET turns on until reaching a
negative current limit Iyoc,. Upon reaching the negative current limit, the low-side MOSFET is turned off, and the
high-side MOSFET is turned on again, for a proper on-time (determined by V|n, Vout, and fsy).. The device
operates in this mode until the output voltage is pulled down under the UVP threshold. The device then responds
to the undervoltage event as described above. With a short OVP event that is longer than the OVP delay but
shorter than the PG high-to-low delay time, the OVP response can trip while PG remains high. In such a
scenario, the PG pin pulls low after the output voltage is pulled below the UVP threshold.

If there is an overvoltage condition prior to the output being enabled (such as a high prebiased output), the
device responds to the overvoltage event as described above at the beginning of the soft-start period. The OVP
threshold is relative to the final VREF voltage, including during the soft-start period. The device waits until the
completion of the soft-start period for UVP to be enabled then, depending on the part number, the device either
hiccups or latches off in response to the undervoltage event caused by the OVP response. The TPS54KB22 ¥k
N TPS54KB23 enter hiccup, while the TPS54KB20 353 0Of TPS54KB21 latch off.

6.3.13 Output Voltage Discharge

When the device is disabled through EN, the device enables the output voltage discharge mode. This mode
forces both high-side and low-side MOSFETSs to latch off, but turns on the internal discharge MOSFET, which is
connected from SW to PGND, to discharge the output voltage. After the FB voltage drops below 50mV, the
discharge MOSFET and the internal VCC LDO is turned off.

When the EN pin goes low to disable the converter and while the VCC voltage is sufficient to turn on the
discharge switch, the output voltage discharge mode is activated.

6.3.14 UVLO Protection

The device monitors the voltage on both the VIN and the VCC pins. If the VCC pin voltage is lower than the
VCCyy,o falling threshold voltage, the device shuts off. If the VCC voltage increases beyond the VCCyy, o rising
threshold voltage, the device turns back on. VCC UVLO is a non-latch protection.

When the VIN pin voltage is lower than the VINyy o falling threshold voltage but the VCC pin voltage is still
higher than VCCyy, o rising threshold voltage, the device stops switching and discharges the SS pin. After the
VIN voltage increases beyond the VINyy o rising threshold voltage, the device re-initiates the soft start and
switches again. VIN UVLO is a non-latch protection.

6.3.15 Thermal Shutdown

The device monitors internal junction temperature. If the temperature exceeds the threshold value (typically
165°C), the device stops switching and discharges the SS pin. When the temperature falls approximately 15°C
below the threshold value, the device turns back on with a re-initiated soft start. Thermal shutdown is a non-latch
protection.
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6.4 Device Functional Modes
6.4.1 Auto-Skip Eco-mode Light Load Operation

If the MSEL resistor value used selects Skip-mode, the device automatically reduces the switching frequency at
light-load conditions to maintain high efficiency. Multifunction Select (MSEL) Pin describes the selection in detail.

As the output current decreases from heavy load condition, the inductor current also decreases until the valley of
the inductor ripple current touches the zero-crossing threshold (Low-side MOSFET Zero-Crossing). The zero-
crossing threshold sets the boundary between the continuous-conduction and discontinuous-conduction modes.
The synchronous MOSFET turns off when this zero-crossing threshold is detected. As the load current
decreases further, the converter runs into discontinuous-conduction mode (DCM). The on-time is maintained to a
level approximately the same as during continuous-conduction mode operation so that discharging the output
capacitor with a smaller load current to the level of the reference voltage requires more time. The transition point
to light-load operation loyr(L) (for example: the boundary between continuous- and discontinuous-conduction

mode) is calculated as shown in = 7.

For low output ripple, TI recommends using only ceramic output capacitors for designs that operate in skip-
mode.

_ 1 _ (Vin—Vour) Vout
lout(LL) =lIzc + 7 X T VIN % fsw (7)

6.4.2 Forced Continuous-Conduction Mode

If the MSEL resistor value used selects FCCM, the controller operates in continuous-conduction mode (CCM)
during light-load conditions. Multifunction Select (MSEL) Pin describes the selection in detail. During FCCM, the
switching frequency is maintained to an almost constant level over the entire load range, which is designed for
applications requiring tight control of the switching frequency and output ripple at the cost of reduced light-load
efficiency. Use =\ 7 to calculate the typical light-load operation boundary. Below this calculated load current, the
device operates in FCCM.

6.4.3 Powering the Device From a Single Bus

The device works well when powered by a single V|y configuration. In a single V,y configuration, the internal
LDO is typically powered by a 5V or 12V bus and generates a 3.0V output to bias the internal analog circuitry
and power MOSFET gate drivers. The V|y input range under this configuration is 4V to 16V for up to 25A load
current. [¥] 6-8 shows an example for this single V|5 configuration.

VN and EN are the two signals to enable the part. For start-up sequence, any sequence between the V,y and
EN signals can power the device up correctly.
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Vin: 4V - 16V Cooor
VIN BOOT

[ ]PGND sw[

Cer, Optional

ne H

FB —N\/\/\—¢
(| ]vece I: Rep 1 Cour
R
. MSEL Fe8 Vosns-
GOSNS

EJ 6-8. Single V|y Configuration for a 12V Bus

Vosns+

In high output voltage applications, the device VCC can be biased through a low forward voltage diode from the
Vout of the device to provide a boost in efficiency both at low load and high load currents. The output voltage
must be greater than 3.1V plus the forward voltage of the external diode to save the power loss on the internal

LDO. [¥] 6-9 shows an example for this configuration.

Vin: 4V - 16V Csoor
VIN BOOT

[ ]PGND swl:

Crr, Optional

Vosns+

FB[ —\\/\—¢
VCC Rep.1 Cour
R
MSEL FB.B } Vosns-
GOSNS|[ |

6-9. Single V|y Configuration With VCC Biased from Vgyt

6.4.4 Powering the Device From a Split-rail Configuration

When an external bias, which is at a different level from main V,y bus, is applied onto the VCC pin the device
can be configured to split-rail by using both the main V,y bus and the VCC bias. Connecting a valid VCC bias to
the VCC pin overrides the internal LDO, thus saves power loss on the internal LDO. This configuration helps to
improve overall system level efficiency but requires a valid VCC bias. A 3.3V or 5.0V rail is the common choice
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as VCC bias. With a stable VCC bias, the recommended V) input range under this configuration remains the
same, from 4.0V to 16V.

The noise of the external bias affects the internal analog circuitry. To make sure of a proper operation, a clean,
low-noise external bias and good local decoupling capacitor from VCC pin to PGND pin are required. 6-10
shows an example for this split rail configuration.

The VCC external bias current during nominal operation varies with the bias voltage level and also the operating
frequency. For example, by setting the device to skip-mode, the VCC pin draws less current from the external
bias when the frequency decreases under a light load condition. The typical VCC external bias current under
FCCM operation is listed in Electrical Characteristics. The external bias must be capable of supplying this
current or the external bias voltage can drop and the internal LDO can no longer be overridden by it.

Under split rail configuration, V,y, VCC bias, and EN are the signals to enable the part. For start-up sequence, Tl
recommends that at least one of VIN UVLO rising threshold or EN rising threshold is satisfied later than VCC
UVLO rising threshold. A practical start-up sequence example is:

1. VIN applled

2. External VCC bias applied

3. EN signal goes high

Similarly, for power-down sequence, Tl recommends that at least one of the VIN UVLO falling threshold or the
EN falling threshold is satisfied before the external VCC bias supply turns off. If the external VCC bias supply
turns off first, the internal LDO of the device prevents the VCC voltage from dropping below 3.0-V and be loaded
by other circuits powered by the external VCC bias supply.

Vin: 4V - 16V Csoor
VIN BOOT

[ ]PGND sw[

Cer, Optional
o |

VOSNS+
VCC FB I: '_,\R/:g\;_‘ Cour
[ ]MSEL Rea.s {vom
LM GOSNS -
AGND

T 1

6-10. Split-Rail Configuration With External VCC Bias
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7 Application and Implementation

&
LIFo7 7V r—vaAFiid, T o EARRICE EN56 O TIERL, Tl TIEEOIEMIEE 37w etz

PRAEVZLE A, fll 2 O BB 2 - OBEAVEIC DN TR, BERROEETHMTL TV e72<Zeic
MFET, BERITIAF ORI RIELHFEL T AN DL T, VAT AOKREEZHERR T DM BERHY ET,

7.1 Application Information

The TPS54KB2x device is a high-efficiency, single-channel, small-sized, synchronous-buck converter. The
device is designed for low output voltage point-of-load applications with 25A or lower output current in server,
storage, and similar computing applications. The TPS54KB2x features proprietary D-CAP4 mode control
combined with adaptive on-time architecture. This combination builds modern low-duty-ratio and ultra-fast load-
step-response DC/DC converters in an excellent fashion. The output voltage ranges from the internal voltage
reference to 5.5V. The conversion input voltage ranges from 4V to 16V, and the VCC input voltage ranges from
3.13 to 5.3V. The D-CAP4 mode uses emulated current information to control the modulation. An advantage of
this control scheme is that this control scheme does not require an external phase-compensation network, which
makes the device easy-to-use and also allows for a low external component count. Another advantage of this
control scheme is that this control scheme supports stable operation with all low ESR output capacitors (such as
ceramic capacitor and low ESR polymer capacitor). Adaptive on-time control tracks the preset switching
frequency over a wide range of input and output voltages while increasing switching frequency as needed during
a load-step transient.

7.2 Typical Application

The schematic shows a typical application for the TPS54KB2x. This example describes the design procedure of
converting an input voltage range of 4.5V to 16V down to 3.3V with a maximum output current of 25A.

lt::m i Cin2 i Cin3 iCmA i Cins i Coutt i Cout2 i Coutd l Coutd ;L it5

Cou
10uF 10pF 10pF 1WF 0.1uF 10V 10V 10V 10V 6.3V
22uF 22F 22pF 22F 220uF

Input: 4.5V to 16V = = = = = = = = =

1
%

u Lewlowl

l Cin10 TPS54KB20 Cout Cou outs +|_ Cou

0.1uF Cboot 1ov 10v 10v 6.3V
9; VIN BOOT}-& H 22uF 22F 22uF 220uF

= VIN u = = = =

EN sw 2

vee " Rfb_t Rbod
e L. % :
I‘“‘ Crooon} 100 pg Gosns2 R b (e5ing purposss oy
= 15] s 307k
A4 = N AGND -2
LM PGND B
1] msEL 'ngg -
Css Rilim Rmsel
lagrﬁ 432 { 86.6k NT3
A4 =
7-1. Application Circuit Diagram
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7.2.1 Design Requirements
This design uses the parameters listed in & 7-1.

#+ 7-1. Design Example Specifications

DESIGN PARAMETER CONDITION MIN TYP MAX| UNIT
VN Voltage range 4.5 12 16 \Y
Vout Output voltage 3.3 \%
ILOAD  Output load current 25 A
VrippLe  Output voltage ripple ViN =12V, loyt = 25A 33 mVpp
V TRANS c?;;fsur:gcilff%:r?gggr:tzgm and louT = 5A to 15A step, 1A/us slew rate 99 mV
lout Lim  Output overcurrent VN = 4.5V 28.7 A
tss Soft-start time 1 ms
fsw Switching frequency 800 kHz

Light load operating mode rﬁgg’é

Ta Operating temperature 25 °C

7.2.2 Detailed Design Procedure

The external component selection is a simple process using D-CAP4 mode. Select the external components
using the following steps.

7.2.2.1 Output Voltage Setting Point

To program the output voltage, use the voltage-divider resistors, Rrg 1 and Rgg g, as shown in [¥ 7-1. Connect
Reg 7 between the FB pin and the output, and connect Rgg g between the FB pin and GOSNS. The
recommended value for Rrg g value is 10 kQ, but it can be set to any value between 1 kQ to 15 kQ. For this
example, Rrg g was set to 3.01 kQ. To determine the value of Rrg 7 for the TPS54KB20, use { 8.

VouT — VREF 3.3V—-09V
Rpp.T = Rpp B X (W =3.01ka x (3F592Y) =8k (8)

7.2.2.2 Choose the Switching Frequency and the Operation Mode

The switching frequency and operation mode are configured by the resistor on MSEL pin. Select one of three
switching frequencies: 800kHz, 1.1MHz, or 1.4MHz. Refer to & 6-4 for the relationship between the switching
frequency, operation mode, ramp, and Rysg. .

Switching frequency selection is a tradeoff between higher efficiency and smaller system design size. Lower
switching frequency yields higher overall efficiency but relatively bigger external components. Higher switching
frequencies cause additional switching losses which impact efficiency and thermal performance. For this design,
set the switching frequency to 800kHz, and set the light load operating mode as Skip-mode (DCM).

When selecting the switching frequency of a buck converter, the minimum on-time and minimum off-time must
be considered. 3\ 9 calculates the maximum fgy before being limited by the minimum on-time. When hitting the
minimum on-time limits of a converter with D-CAP4 control, the effective switching frequency changes to keep
the output voltage regulated. This calculation ignores resistive drops in the converter to give a worst case
estimation.

_ _Vour 1 _ 33V 1 _
fow(max) = Vin(max) X TON MIN = T6V X 555 = 6875 kHz 9)

. 10 calculates the maximum fgyy, before being limited by the minimum off-time. When hitting the minimum off-
time limits of a converter with D-CAP4 control, the operating duty cycle maxes out and the output voltage begins
to drop with the input voltage. This equation requires the DC resistance of the inductor, Rpcg, selected in the
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following step so this preliminary calculation assumes a resistance of 2.2mQ. If operating near the maximum fgyy
limited by the minimum off-time, the variation in resistance across temperature must be considered when using
. 10. The selected fgyy of 800kHz is below the two calculated maximum values.

ViN(min) — VouT — louT(max) x (Rpcr + RpS(ON)_HS)
topF_MIN(max) X (Viy(min) — Igyr(max) x (Rps(on)_Hs — RDS(ON)_LS) )

fsw(max) = (10)

foyy(may) = 45V =33V -25Ax (2.2mQ + 5.8 mQ)
W T 150ns x (45V—25A X (5.8 mQ — 2.3 mQ))

7.2.2.3 Choose the Inductor

= 1510 kHz (1)

To calculate the value of the output inductor (Loyt), use =\ 12. The output capacitor filters the inductor-ripple
current (IgippLe), =N 13. Therefore, selecting a high inductor-ripple current impacts the selection of the output
capacitor because the output capacitor must have a ripple-current rating equal to or greater than the inductor-
ripple current. Larger ripple current increases output ripple voltage, but improves signal-to-noise ratio and helps
to stabilize operation. Generally speaking, the inductance value must set the ripple current at approximately 15%
to 40% of the maximum output current for a balanced performance.

For this design, the inductor-ripple current is set to 30% of 25A output current. With a 800kHz switching
frequency, 16V as maximum V,y, and 3.3V as the output voltage, the calculated inductance is 0.437pH. A
nearest standard value of 0.47uH is chosen.

_ (Vin(max) —Voyr) XVour _  (16V—-33V) X33V
- IRIPPLE X V]N(max) x fow ~ 0.3 x25A X 16V x 800 kHz

= 0.437 uH (12)

The inductor requires a low DCR to achieve good efficiency. The inductor also requires enough room above
peak inductor current before saturation. The peak inductor current is estimated using =\ 14. Peak inductor
current under maximum V| is calculated as 28.5A. = 15 calculates the RMS current in the inductor and the
heat current rating of the inductor must be greater than this.

(Vin(max) = Voyt) X Vour _ (16 V-33V) x3.3V

IRIPPLE =~ % Vin(max) X fgyy  0A7pH X 16V X 800 kHz 7A (13)
IRIPPLE 7A
IL(PEAK) = IOUT"'T: 25A+T =285A (14)

[ 2 2
2 , IRIPPLE 2, 7A
Irms) = \lour” + ——13— = |25 A° + 55— = 25.08A (15)

7.2.2.4 Set the Current Limit (ILIM)

The Ry resistor sets the valley current limit. Z 16 and =\ 17 calculate the recommended current limit target.
This includes the tolerance of the inductor and a factor of 0.9 for the tolerance of the current limit threshold. This
example uses an estimation of 10% tolerance. Refer to the specification table for tolerance across different Ry jm
values. X 19 calculates the Ry resistor to set the current limit. The typical valley current limit target is 27.5A
and the closest standard value for Ry is 4.32kQ.

I (1 — 1y (VinGmin) —Vour) xVour |, 1 (16)
LIM_VALLEY OuUT — 2 L x (1 + LTOL) X VIN(min) X fgw 0.9
3 1 (45V —-33V)x33V 1
[LIM_VALLEY = (25 A= I X a7 i x A1 $0.2) X 45V X 800 kHz) X gg =267A (17)
120000
RILIM = T 0 oy 18
ILIM = Tj 1M _VALLEY (18)

120000
R[LIM = m =4.36 kQ (19)
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With the current limit set, =\ 20 calculates the typical maximum output current at current limit. = 21 calculates
the typical peak current at current limit. As mentioned in Choose the Inductor, the saturation behavior of the
inductor at the peak current during current limit must be considered. For worst case calculations, the tolerance of
the inductance and the current limit must be included.

N 1 _ (Vin(min) = Voyt) X Vouyr _ 1. (45V-33V)x33V _
IOUT_L[M(mm) = [LIM_VALLEY + 7 X L XV (min) x fgyy =275A+ i X 047 (H X 45V X 800 KAz — 28.7 A (20)

I =1 + (Vin(max) = Vout) X Vout _ 275 A 4 (16V=33V)x33V
L(PEAK) = 'LIM_VALLEY LxViN(max) X fgwy <" 047 HH X 16 V X 800 KHz

=345A 1)

7.2.2.5 Choose the Output Capacitor

There are three considerations for selecting the value of the output capacitor:
1. Stability

2. Steady state output voltage ripple

3. Regulator transient response to a change load current

First, calculate the minimum output capacitance based on these three requirements. = 22 calculates the
minimum capacitance to keep the LC double pole below the fppvax) to meet stability requirements. This
requirement helps to keep the LC double pole close to the internal zero. =\ 23 calculates the minimum
capacitance to meet the steady state output voltage ripple requirement of 33mV. This calculation is for CCM
operation and does not include the portion of the output voltage ripple caused by the ESR or ESL of the output
capacitors.

2 2

1 1 1 1
Cout_sTABILITY > x = x (22)
- Vour \? Lout 3.3V\2 0.47uH
2 X f x| 1+ v———— 2m X 20.3kHz X (1 + ( S5
P(RAMP4) ( (VIN(TYP) ( 12v)

= 113pF

IRIPPLE _ 7A _
COUT—RIPPLE > 8 X VRIPPLE X fsw ~— 8 X33 mV x 800 kHz ~— 33 uF (23)

3 25 and 2\ 26 calculate the minimum capacitance to meet the transient response requirement of 99mV with a
10A step. These equations calculate the necessary output capacitance to hold the output voltage steady while
the inductor current ramps up or ramps down after a load step. Calculations determine only 418.5uF is needed
to meet the transient response requirement. This calculation assumes instant load step.

2 Vour
L xIgTEp” % <m + tOFF_MIN(m3X)>
CouT_UNDERSHOOT > Vin(min) — Voyr (24)
2 X VTRANS % VouT X (m - tOFF_MIN(maX)>

047 i x 10 4% x (e g + 150 15)
COUT_UNDERSHOOT > “FEV-33V = 418.5 uF (25)

2 X99mVx3.3Vx(m—150ns)
c S L x IsTEp” _ 047uHx10A% 71.9 uF 6
OUT_OVERSHOOT < 27X VTRaNS X VOUT _ 2X99mVx33V '+ = (26)

The output capacitance needed to meet the undershoot requirement is the highest value, so this sets the
required minimum output capacitance for this example. Stability requirements can also limit the maximum output
capacitance. I\ 27 calculates the recommended maximum output capacitance. This calculation keeps the LC
double pole above 1/100th the fgyy. Using more output capacitance is possible, but the stability must be checked
through a bode plot or transient response measurement. The selected output capacitance is 7 x 22uF, 10V
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ceramic capacitors. When using ceramic capacitors, the capacitance must be derated due to DC and AC bias
effects. The selected capacitors derate to 58% the nominal value giving an effective total capacitance of 89uF.
Additionally, 2 x 220uF, 6.3V bulk capacitors are also selected, increasing the effective total output capacitance
to 529uF. This effective capacitance meets the minimum and maximum requirements.

c < (7528 )" x L = (0 ) X g = 842 wF 27)
OUT_STABILITY < \ 77X fgyy L = \#x800kAz 0470 — H

This application uses all ceramic capacitors so the effects of ESR on the ripple and transient were ignored. If
using non ceramic capacitors, as a starting point, the ESR must be below the values calculated in = 28 to meet
the ripple requirement and = 29 to meet the transient requirement. For more accurate calculations or if using
mixed output capacitors, the impedance of the output capacitors must be used to determine if the ripple and
transient requirements can be met.

VRIPPLE _ 33mV

RESR_RIPPLE < =4.7mQ (28)

IRIPPLE 7A
VTRANS _ 99 mV
RESR_TRANS < Tgrpp = Toa = 9-9mQ (29)
7.2.2.6 RAMP Selection

To determine the proper ramp selection for this design, the L-C double pole frequency and the maximum L-C
double pole frequency must be calculated. The double pole frequency is based on the selected output
inductance and output capacitance for this design. Using { 30, the L-C double pole frequency for this design is
10kHz. Calculating the maximum L-C double pole frequency then helps guide the user to select one of the four
ramp options. Generally, if the L-C double pole calculation lands within the RAMP1 margin, select RAMP1, as
this results in the best transient response. Select RAMP2 or RAMP3 if the L-C double pole calculation does not
fit within the RAMP1 margin. TI recommends RAMP2 for an increase in phase margin, while TI recommends
RAMP3 for higher gain and a faster transient response than RAMP2. If RAMP1, RAMP2, or RAMP3 cannot be
selected due to maximum L-C double pole frequency restriction, then choose RAMP4. The maximum L-C double
pole frequency can be calculated using =\ 31, where the variable fptagLg) €quates to the RAMP1 maximum L-C
double pole from # 6-2. This calculation results in 15kHz, 19.7kHz, and 21.8kHz, for RAMP1, RAMP3, and
RAMP4 respectively. Because the L-C double pole frequency in this design is 10kHz, which is less than RAMP1,
RAMP1 is selected.

1 1

fP = 2 XX \/LOUT X CouT = 2XTmX \/0.47 puH X 529 pF =10 kHz (30)
f =f (14 (-7 V) = 140 k2 x 1+(ﬂ)2 =15kH (31)
P(MAX) = fP(TABLE) ViN(ypy ) |~ -0z 12v) )~ z

After selecting RAMP1 for this design, connect the MSEL pin to AGND using a 86.6kQ resistor to set the
switching frequency to 800kHz and the ramp option to RAMP1.

7.2.2.7 Choose the Input Capacitors (Cjy)

The device requires input bypass capacitors between both pairs of VIN and PGND pins to bypass the power-
stage. The bypass capacitors must be placed as close as possible to the pins of the IC as the layout allows. At
least 20uF nominal of ceramic capacitance and two high frequency ceramic bypass capacitors are required. This
device has a hard limit of 20uF. Some applications can require greater capacitance and can even require a bulk
capacitor. Derating can impact the effective input capacitance value. A 0.1uF to 1uF capacitor must be placed as
close as possible to both VIN pins 3 and 9 on the same side of the board of the device to provide the required
high frequency bypass, to reduce the high frequency overshoot and undershoot across the power-stage from
VIN to SW and SW to PGND. Tl recommends at least 1uF of bypass capacitance as close as possible to each
VIN pin to minimize the input voltage ripple. The ceramic capacitors must be a high-quality dielectric of X6S or
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better for the high capacitance-to-volume ratio and stable characteristics across temperature. In addition to this
requirement, more bulk capacitance can be needed on the input depending on the application to minimize
variations on the input voltage during transient conditions.

The input capacitance required to meet a specific input ripple target can be calculated with =X 32. A
recommended target input voltage ripple is 5% the minimum input voltage, 225mV in this example. The
calculated input capacitance is 27.2uF and this meets the minimum input capacitance of 20uF.

Vour
Vourt X lgyT X (1 - —VIN(min) 33Vx25Ax% (1 - _431-2 3)

CiN > - =
IN = “Fow x Vin(min) X VIN_RippLE 800 KHz X 45V X 225 mV

=272 F (32)

The capacitor must also have an RMS current rating greater than the maximum input RMS current in the
application. The input RMS current the input capacitors must support is calculated by = 34 and is 11.2A in this
example. The ceramic input capacitors have a current rating greater than this value.

: 2
_ | Vour (Vin(min) = VoyT) 2, IripPLE” \ _
IcIN(RMS) = \/ Vin(min) = ( G R v (33)

33V ((4.5 V—33V)

)
2,7
IcIN(RMS) = \/4.5 v a5y X285+ ﬁ) =112A (34)

For applications requiring bulk capacitance on the input, such as ones with low input voltage and high current, Tl
recommends the selection process in How to select input capacitors for a buck converter analog design journal.

7.2.2.8 Soft-Start Capacitor (SS Pin)

This example uses a 1ms soft-start time and the required external capacitance can be calculated with =X 35. In
this design, a 39nF capacitor is used as this value is the nearest standard value.

C _Isgxtss 36 pA x1ms
SS = VREF - 09V

= 40 nF (35)

A minimum capacitor value of 10nF is required at the SS pin. The SS capacitor must use the AGND pin for the
ground.

7.2.2.9 EN Pin Resistor Divider

A resistor divider on the EN pin can be used to increase the input voltage the converter begins the start-up
sequence. To set the start voltage, first select the bottom resistor (Rgy g). The recommended value is between
1kQ and 100kQ. There is an internal pulldown resistance with a nominal value of 1MQ and this internal pulldown
resistance must be included for the most accurate calculations. This requirement is especially important when
the bottom resistor is a higher value, near 100kQ. This example uses a 100kQ resistor, and this resistor
combined with the internal resistance in parallel results in an equivalent bottom resistance of 90.9kQ. The top
resistor value for the target start voltage is calculated with = 36. In this example, the nearest standard value of
200kQ is selected for Rgy 1. When selecting a start voltage in a wide input range application, be cautious that
the EN pin absolute maximum voltage of 7V is not exceeded.

REN_B X VSTART 90.9kQ x 3.8V
REN.T=— Vg~~~ RENg =~ 1zv — — 90.9kQ =197k (36)

The start and stop voltages with the selected EN resistor divider can be calculated with = 37 and =X 38.

REN B+ REN_T 90.9 kO + 200 kO
VSTART = VENH X W =12VX ~909kn ___ — 3.8V (37)
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REN B+ REN T 90.9 kQ + 200 kQ
VSTOP=VENLXW=1VXW=3.ZV (38)

7.2.2.10 VCC Bypass Capacitor

At a minimum, a 1.0pF, at least 6.3V rating, X5R ceramic bypass capacitor is needed on VCC pin located as
close to the pin as the layout allows. Use the smallest sized capacitor possible, such as an 0402 package, to
minimize the loop from the VCC pin to the PGND pin.

7.2.2.11 BOOT Capacitor

At a minimum, a 0.1uF, 10V X5R ceramic bypass capacitor is needed between the BOOT and SW pins located
as close to the pin as the layout allows.

7.2.2.12 RC Snubber
An RC snubber on the SW pin can also help reduce voltage overshoot and ringing at the SW pin. For the RC
snubber to be as effective as possible with the symmetrical pinout, place the RC snubber on the opposite side of

the board from the IC with multiple vias in the SW node to minimize routing impedance and with a very low
impedance return to the PGND pins.

7.2.2.13 PG Pullup Resistor

The PG pin is open-drain, so a pullup resistor is required when using this pin. The recommended value is
between 1kQ and 100kQ.
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7.2.3 Application Curves
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VIN =12V VOUT =3.3V
Eq 7-8. Output Voltage Ripple — Skip-mode

IOUT =10mA

Vin =12V VOUT =3.3V IOUT = 25A
B 7-9. Output Voltage Ripple - FCCM

e

VIN =12V VOUT =3.3V IOUT =25A
B 7-10. Start-Up With EN

VIN =12V VOUT =3.3V IOUT = 25A
B 7-11. Shutdown With EN

7.3 Power Supply Recommendations

The device is designed to operate from an input voltage supply range between 4V and 16V. Both input supplies
(VIN and VCC bias) must be well regulated. Proper bypassing of input supplies (VIN and VCC bias) is also
critical for noise performance, as are PCB layout and grounding scheme. See the recommendations in Layout.
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7.4 Layout

7.4.1 Layout Guidelines

Before beginning a design using the device, consider the following:

Make VIN, PGND, and SW traces as wide as possible to reduce trace impedance and improve heat

dissipation.

Place the power components (including input and output capacitors, the inductor, and the IC) on the top side

of the PCB. To shield and isolate the small signal traces from noisy power lines, insert at least one solid

ground inner plane.

Make note that placement of the VIN decoupling capacitors are important for the power MOSFET robustness.

A 1uF/25V/0402 ceramic high-frequency bypass capacitor on each VIN pin (pin 3 and 9) is required,

connected to the adjacent PGND pins (pin 4 and 8 respectively). Place the remaining ceramic input

capacitance next to these high frequency bypass capacitors. The remaining input capacitance can be placed
on the other side of the board, but use as many vias as possible to minimize impedance between the
capacitors and the pins of the IC.

Place eight vias below the PGND pins (pins 4, 8, and 16) and as many vias as possible near the PGND pins

(pin 4 and 8). This action minimizes parasitic impedance and also lowers thermal resistance.

Use vias near both VIN pins and provide a low impedance connection between them through an internal

layer. A via can also be placed below each of the VIN pins.

Place the VCC decoupling capacitor as close as possible to the device, with a short return to PGND pin 8.

Make sure the VCC decoupling loop is small and use traces with a width of 12 mil or wider to route the

connection.

Place the BOOT capacitor as close as possible to the BOOT and SW pins. Use traces with a width of 12 mil

or wider to route the connection.

Make the switch node as short and wide as possible. The PCB trace, which connects the SW pin and high-

voltage side of the inductor, is defined as switch node.

Always place the feedback resistors near the device to minimize the FB trace distance, no matter single-end

sensing or remote sensing.

— For remote sensing, the connections from the FB voltage divider resistors to the remote location must be a
differential pair of PCB traces, and must implement Kelvin sensing across a bypass capacitor of 0.1uF or
higher. The ground connection of the remote sensing signal must be connected to GOSNS pin. The Vpyt
connection of the remote sensing signal must be connected to the feedback resistor divider with the
bottom feedback resistor terminated to the GOSNS pin. To maintain stable output voltage and minimize
the ripple, the pair of remote sensing lines must stay away from any noise sources such as inductor and
SW nodes, or high frequency clock lines. Tl recommends to shield the pair of remote sensing lines with
ground planes above and below.

— For single-end sensing, connect the top feedback resistor between the FB pin and the output voltage to a
high-frequency local output bypass capacitor of 0.1uF or higher, and short GOSNS to AGND with a short
trace.

Connect the AGND pin (pin 2) to the PGND pad (pin 16) beneath the device.

Return the MSEL resistor, ILIM resistor, and SS capacitor to a quiet AGND island.

Avoid routing the PG signal and any other noisy signals in the application near noise sensitive signals, such

as ILIM, FB and GOSNS to limit coupling.

See Layout Example for the layout recommendation.
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7.4.2 Layout Example
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8 Device and Documentation Support

8.1 Documentation Support

8.1.1 Related Documentation

» Texas Instruments, Optimizing Transient Response of Internally Compensated DC-DC Converters with
Feedforward Capacitor application report

» Texas Instruments, Non-isolated Point-of-load Solutions for VR13.HC in Rack Server and Datacenter

Applications application report
» Texas Instruments, How fo select input capacitors for a buck converter analog design journal
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10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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 ©)
@ ©)

TPS54KB20RZRR Active Production WQFN-FCRLF 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T54KB0O
(RZR) | 16

TPS54KB20RZRR.A Active Production WQFN-FCRLF 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T54KB0O
(RZR) | 16

TPS54KB21RZRR Active Production WQFN-FCRLF 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T54KB1
(RZR) | 16

TPS54KB21RZRR.A Active Production WQFN-FCRLF 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T54KB1
(RZR) | 16

TPS54KB22RZRR Active Production WQFN-FCRLF 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T54KB2
(RZR) | 16

TPS54KB22RZRR.A Active Production WQFN-FCRLF 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T54KB2
(RZR) | 16

TPS54KB23RZRR Active Production WQFN-FCRLF 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T54KB3
(RZR) | 16

TPS54KB23RZRR.A Active Production WQFN-FCRLF 5000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 T54KB3
(RZR) | 16

@ 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.

@ Lead 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.
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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 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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2z PACKAGE OUTLINE
RZR0016A 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.

i
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EXAMPLE BOARD LAYOUT

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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RZR0O016A

EXAMPLE STENCIL DESIGN
WQFN-FCRLF - 0.7 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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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