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5 Pin Configuration and Functions

PGND  WCC PGND
114! (13! U U
: I : i
PaND |1 ' - MODE MODE FGND
W rE_"_J' !:_“?l:l_ W W 11 2 W
win |37 "0 eoor BOOT 10 ] [ 3 VIN
TRIP r_df""I: !:__"5_ PGOOD PEOOD 9 4 TRIP
EN _5"‘: B 55/REFIN 55/REFIN EN
- .
B | |7 ; ﬂ ﬂ
FE  AGND AGND
& 5-1. 14-Pin QFN RPG Package (Top View) K] 5-2. 14-Pin QFN RPG Package (Bottom View)
% 5-1. Pin Functions
PIN
110" DESCRIPTION
NO. NAME
1,14 PGND G Power ground of internal low-side MOSFET
2,1 SW O Output switching terminal of the power converter. Connect this pin to the output inductor.
Power-supply input pins for both integrated power MOSFET pair and the internal regulator.
3 VIN | L . . .
Place the decoupling input capacitors as close as possible to VIN pins.
4 TRIP o) Current limit setting pin. Connect a resistor to ground to set the current limit trip point. See 77
7.3.7 for detailed OCP setting.
5 EN Enable pin. The enable pin turns the DC/DC switching converter on or off. Floating the EN pin
is not recommended.
6 FB | Output feedback input. A resistor divider from the VOUT to AGND (tapped to FB pin) sets the
output voltage.
7 AGND G Analog ground pin, reference point for internal control circuits
8 SS/REFIN /o Internal reference voltage can be overridden by an external voltage source on this pin for
tracking application. Connecting a capacitor to AGND increases soft-start time.
Open-drain power-good status signal. A high voltage indicates the FB voltage has moved
9 PGOOD (0] e e T
inside the specified limits.
Supply rail for the high-side gate driver (boost terminal). Connect the bootstrap capacitor from
10 BOOT I/0 S
this pin to SW node.
12 MODE The MODE pin sets the forced continuous-conduction mode (FCCM) or skip-mode operation. It
also selects the operating frequency.
Internal 3-V LDO output. An external bias with 3.3-V 5% voltage can be connected to this pin
to save the power losses on the internal LDO. The voltage source on this pin powers both the
13 VCC 110 . o . . . .
internal circuitry and gate driver. For the decoupling, suggest a 1-yF ceramic capacitor as close
to VCC pin as possible.
(1) = Input, O = Output, P = Supply, G = Ground
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6 Specifications
6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
VIN -0.3 18 \Y
VIN - SW -0.3 18 \Y
DC
SW - PGND -0.3 18 \
VIN - SW -4.0 25 Vv
Transient < 20 ns
SW - PGND -5.0 21.5 \Y
Pin voltage(®
BOOT - SW -0.3 6 \
BOOT - PGND -0.3 24 \
EN, PGOOD -0.3 6 \
TRIP, MODE, SS/REFIN, FB -03 \
VCC -0.3 6 \
Pin voltage ~
differential AGND - PGND 0.3 0.3 \Y
Operating Junction Temperature Range, T, -40 150 °C
Storage Temperature Range, Tgg -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.
(2) All voltages are with respect to network ground terminal.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) +2000
V(Esp) Electrostatic discharge - — \%
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with

less than 500-V HBM is possible with the necessary precautions.

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

6.3 Recommended Operating Conditions

Over operating junction temperature range (unless otherwise noted)

MIN MAX UNIT
VIN with up to 3.6V external bias on VCC (V) 2.7 16 Vv
VN VIN with internal bias 4 16 \%
VIN to enable the converter with internal bias 3.3 \%
SW - PGND -0.1 16 \Y
BOOT - SW -0.1 53 \Y
TRIP, SS/REFIN, FB -0.1 1.5 Y
Pin voltage
MODE -0.1 vCC \
EN, PGOOD -0.1 55 \
\Yele: 3.0 3.6 \Y
Pin voltage differential AGND - PGND -0.1 0.1 \%
Junction temperature, T, Operating junction temperature -40 125 °C

(1)  Ensure that under any combination of the conditions listed above that stresses on the device do not exceed those specified in the

Absolute Maximum Ratings.
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6.4 Thermal Information

TPS54J060
THERMAL METRIC(") RPG (QFN) UNIT
14 PINS
Roua Junction-to-ambient thermal resistance (JEDEC) 64 °C/W
R Jc(top) Junction-to-case (top) thermal resistance (JEDEC) 40 °C/W
R0 yc(bot) Junction-to-case (bottom) thermal resistance (JEDEC) 16.2 °C/W
Rous Junction-to-board thermal resistance (JEDEC) 16.2 °C/IW
R o JAEVM) Junction-to-ambient thermal resistance (EVM) 435 °C/W
by Junction-to-top characterization parameter (EVM) 1.7 °C/W
b B Junction-to-board characterization parameter (EVM) 21 °C/W
(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics
6.5 Electrical Characteristics
T,= -40°C to +125°C, VCC = 3 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY
laginy l/[ljl;lreorﬁerating non-switching supply \elft,\é;; \é‘ia\/ng:\\//cl:NgRE'F +50mV, Viy =12V, no 750 900 uA
pin
2630L/H<ezxternal bias on VCC pin, fswFcem) = 3 mA
lavee) External VCC bias current(!) ?i?z)(\)/kaxztemal bias on VCC pin, fsw(rcom) = 55 mA
S.ZBOz)/kzthemal bias on VCC pin, fswrccm) 10 mA
Isp_viN VIN shutdown supply current Ven =0V, VN =12V, no external bias on VCC pin 10 HA
VINpvo | VIN UVLO rising threshold voltage VCC = exteral 3.3V 21 24 27 v
VCC = external 3.3V 1.55 1.85 2.15 \
ENABLE
VENH EN enable threshold voltage (rising) 117 1.22 1.27 \Y
VENL EN disable threshold voltage (falling) 0.97 1.02 1.07 \%
VENHYST EN hysteresis voltage 0.2 \%
VENLEAK EN input leakage current Ven =33V -5 0 5 HA
EN internal pull-down resistance EN pin to AGND. 6500 kQ
INTERNAL LDO
VCC Internal LDO output voltage Vin=12V, lvceLoap) = 5 mA 2.90 3.00 3.10 \%
VCCuvio VCC undervoltage-lockout (UVLO) VCC rising 2.80 2.85 2.90 v
threshold voltage VCC falling 2.65 2.70 2.75 v
VCCuvio mfecs;]‘;gevr‘;ﬁggge"°°k°”t (UVLO) VCC hysteresis 0.15 v
VCCpo LDO low-droop dropout voltage ViN=3.3V, lvccroapy = 20 mA, T, = 25°C 310 mV
LDO overcurrent limit All VINs, all temps 30 60 mA
REFERENCE
VINTREF Internal REF voltage T,=25°C 900 mV
Internal REF voltage tolerance T,=0°Cto 70°C 896 904 mV
Internal REF voltage tolerance T,= -40°Cto 125°C 891 909 mV
Irs FB input current VEg = VINTREF 100 nA
SWITCHING FREQUENCY
fswroem) Z’i :\’;m:?g frequency, FCCM I\_/(.:; : 12V, Vour=1.2V, Ryope = 0 @ to AGND, No 935 1100 1265 Kz
fswroom (\)/’S)erse\:;:t;rz:?g frequency, FCCM XgN=D1‘2N\g, \L/ggg=2.5v, Rmope =30.1kQ to 1870 2200 2530 KHz
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T,= -40°C to +125°C, VCC = 3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fswrcom | VO switching frequency, FCCM operation Xg;S‘ZN\g /our=1.2V. Ruooe = 60.4 K to 536 630 724| Kz
tonmin) Minimum on-time VIN=12V VOUT=1V, first pulse 70 95 ns
toFF(min) Minimum off-time T, =25°C, HS FET Gate falling to rising 220 ns
STARTUP

The delay from EN goes high to the first SW rising
EN to first switching delay, internal LDO ?ﬂgi;\r’is’jgj{cz:uﬁ?xé CD gy;lig gggis; ;i?: ?or 0.85 2 ms
max value. Csgrerin = 1nF
E.N to first switching delay, external VCC | The del_ay from EN goes high tq the first SW ri_sing 500 700 us
bias edge with external 3.3V VCC bias. Cgg/rerin = 1nF
tss Internal soft-start time \R/EOFIFLSLH%:?m 0 V1o 95% of final setpoint, Css, 1 15 ms
SS/REFIN sourcing current Vssirepin =0V 9 HA
SS/REFIN sinking current Vssrepin =1V 3 A
SSREFIN Detection Threshold M VEC=3.0V - 5.3V, -40C- 125C, 550 mv
SS/REFIN to FB matching Vss/rerin = 0.5V -5 0 5 mv
POWER STAGE
Rps(on)Hs High-side MOSFET on-resistance T,=25°C,BOOT-SW=3V,lg=3A 22 mQ
Rps(on)Ls Low-side MOSFET on-resistance Ty=25°C,VCC=3V,Ip=3A 8.5 mQ
BOOT CIRCUIT
lvBsT-sw VBST-SW leakage current T, =25°C, Vygst.sw = 3.3V 28 HA
BOOT uvLO™ T, = 25°C, Voltage rising 2.35 v
BOOT UVLO Hysteresis(!) T,=25°C 0.32 v
CURRENT DETECTION
Current limit clamp Valley current on LS FET, 0-Q < Rygp < 3.16-kQ 8.1 9.5 A
Rtrip TRIP pin resistance range 3.74 30.1 kQ
locL Current limit threshold Valley current on LS FET, Rrrip = 4.99 kQ 5.1 6.0 6.9 A
KocL KocL constant for RTRIP equation 30000
KocL tolerance 3.74-kQ < Rigp =< 4.99-kQ -10 10 %
KocL tolerance 10-kQ = Rtrpp -16.5 16.5 %
InocL Negative current limit threshold All VINs -4.3 -3.5 -2.8 A
e z;;%-cltcr)zzs detection current threshold, V=12V, VCC =3V 0 200 730 mA
UNDERVOLTAGE AND OVERVOLTAGE PROTECTION
Voup \(j)(;/ltear;(e)ltage—protection (OVP) threshold 13 116 119 %
Vuue \lf;}?azr;/oltage—protection (UVP) threshold 77 80 83 %
tdelay(ovP) OVP response delay With 100-mV overdrive 300 ns
tdelayUvP) UVP filter delay 64 us
POWER GOOD
FB rising, PGOOD transition low to high 89 92.5 95
VpGTH PGOOD threshold FB rising, PGOOD transition high to low 113 116 119 %
FB falling, PGOOD transition high to low 7 80 83
Voos PGOOD & Out-of-bounds threshold FB rising 102.5 105 107.5 %
lpg PGOOD sink current Vpecoop=0.4V,Vy=12V,VCC=3V 55 mA
lpg PGOOD low-level output voltage lpcoop=5.5mA, Vy=12V,VCC =3V 400 mV
Delay for PGOOD from low to high 1 1.25 ms
tdelay(PG) PGOOD delay time -
Delay for PGOOD from high to low 2 5 us
lkg(PG) PGOOD leakage current when pulled high | T, = 25°C, Vpgoop = 3.3 V, Ve = V|NTREE 5 uA
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T,= -40°C to +125°C, VCC = 3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ViN=0V,VCC =0V, Vgy =0V, PGOOD pulled up
to 3.3 V through a 100-k Q resistor 750 1100 mv
PGOOD clamp low-level output voltage
ViN=0V,VCC =0V, Vgy =0V, PGOOD pulled up 950 1250 mv
to 3.3 V through a 10-k @ resistor
Min VCC for valid PGOOD output 1.5 \Y
OUTPUT DISCHARGE
Rpischg Output discharge resistance Vin =12V, VCC = 3V, power conversion disabled 80 Q
THERMAL SHUTDOWN
T Thermal shutdown threshold(") Temperature rising 155 170 °C
SON Thermal shutdown hysteresis(!) 38 °C

(1) Specified by design. Not production tested.
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6.6 Typical Characteristics

30

16
14
12

10
-50 -30 -10 10 30 50 70 90 110 130 150
Junction Temperature (°C)

& 6-1. High-Side FET RdsON

| —— HS Resistance at VCC = 3V

RdsON (mQ)

15
14
13
12

10 —

[
I - |S Resistance at VCC = 3V

N WA OO N

-50 -30 -10 10 30 50 70 90 110 130 150
Junction Temperature (°C)

& 6-2. Low-Side FET RdsON

-50 -30 -10 10 30 50 70 90 110 130 150
Junction Temperature (°C)

& 6-5. Enable Voltage

4
6.8 | — R - 4990
= 39
6.6 <
=2 D 38
< 64 2
= 3.7
S 62 =
3 = 36
> 6 <
% £ 3.5 —_—
5.8 ——
z g 34 ——
||:I|_J 5.6 ®) 3.3
%] g
- 54 % 32
b
52 Z 3.1
5 3
50 -80 -10 10 30 50 70 90 110 130 150 50 30 10 10 30 50 70 90 110 130 150
Junction Temperature (°C) Junction Temperature (°C)
/&l 6-3. Overcurrent Limit & 6-4. Negative Overcurrent Limit
15 0.91
- Enable Voltage Rising (V)
1.44 — Enable Voltage Falling (V) 0.908
1.38 0.906
S 1.32 0.904
> 1.26 < 0.902
g 12 E,E'; 0.9 -
5 114 > 0.898
©
I 1.08 0.896
1.02 0.894
0.96 0.892
0.9 0.89

50 -30 -10 10 30 50 70 90 110 130 150
Junction Temperature (°C)

K] 6-6. Vref
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3 4
= Vcc Rising (V)
27 3.8 = Vcc Falling (V)
24 3.6
21 3.4
~ 18 = 32
b 2
=~ 15 3
Z 3
1.2 > 28
0.9 2.6
0.6 24
0.3 = VIN Risilng V) 292
= VIN Falling (V)
0 2
50 -30 -10 10 30 50 70 90 110 130 150 -50 -30 -10 10 30 50 70 90 110 130 150
Junction Temperature (°C) Junction Temperature (°C)
A 6-7. VIN UVLO A 6-8. VCC UVLO
120 16.8
115 16 | = /|y = 12V, VCC = Internal LDO
L
— 110
& 105 g %2
Z 100 £ 144
5 = -
R 95 g 136 —
g 0 3 128 ——
2 8 < I
g 80 & 12 —
i= o 11.2
E 75 1)
o 70 — — g 104
QO 65 = FB Rising PGOOD rising &
S — FB falling PGOOD falling 9.6
6 - FB Rising PGOOD falling 8.8
55 — Out of Bounds :
50 8
50 -30 -10 10 30 50 70 90 110 130 150 0 10 20 30 40 50 60 70 80 90 100
Junction Temperature (°C) Junction Temperature (°C)
& 6-9. PGOOD Thresholds &l 6-10. PGOOD Sink Current
0.8 10
0.72 I = \/y = 12V, VCC = Internal LDO 9.8
0.64 < 96
0.56 3 94
< 048 S 92
= 2
o 04 s 9
3 0.32 3 8.8
O . ) .
0.24 3 86
@
0.16 £ 84
(%]
0.08 8.2
0 8
50 -30 -10 10 30 50 70 90 110 130 150 50 -30 -10 10 30 50 70 90 110 130 150
Junction Temperature (°C) Junction Temperature (°C)
K] 6-11. Zero Crossing Threshold & 6-12. Soft-Start Sourcing Current
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7 Detailed Description
7.1 Overview

The TPS54J060 device is a high-efficiency, single-channel, small-sized, synchronous-buck converter. The
device suits low output voltage point-of-load applications with up to 6-A output current in server, storage, and
similar computing applications. The TPS54J060 features proprietary D-CAP3™ 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 ideal fashion. The output voltage ranges from 0.9 V to 5.5 V. The conversion input voltage
ranges from 2.7 V to 16 V, and the VCC input voltage ranges from 3 V to 3.6 V. The D-CAP3 control uses
emulated current information to control the modulation. An advantage of this control scheme is that it does not
require a phase-compensation network outside which makes the device easy-to-use and also allows low
external component count. Further advantage of this control scheme is that it supports stable operation with all
ceramic output capacitors. Adaptive on-time control tracks the preset switching frequency over a wide range of
input and output voltage while increasing switching frequency as needed during load-step transient.

7.2 Functional Block Diagram
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A A
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7.3 Feature Description
7.3.1 Enable and Internal LDO

The TPS54J060 has an internal 3-V LDO feature using input from VIN and output to VCC. When the VIN voltage
rises above the VINyy o rising threshold (typically 2.4 V), and the EN voltage rises above enable threshold
(typically 1.22 V), the internal LDO is enabled and outputs voltage to the VCC pin. The VCC voltage provides the
bias voltage for the internal analog circuitry. The VCC voltage also provides the supply voltage for the gate
drives.

When the EN pin voltage rises above the enable threshold voltage and VCC rises above the VCCyy o rising-
threshold (typically 2.85 V), the device enters its start-up sequence. The device then uses the first 400 us to
calibrate the MODE setting resistance attached to the MODE pin and sets the switching frequency internally.
During this period, the MODE pin resistance determines the operation mode too. The device remains disabled
state when EN pin floats due to an internal pulldown resistance with a nominal value of 6.5 M Q.

There is an internal 2-yus filter to filter noise on the EN pin. If the pin is held low longer than the filter, then the IC
shuts down. If the EN pin is taken high again after shutdown, then the sequence begins as if EN is taken high for
the first time.

7.3.2 Split Rail and External LDO

The TPS54J060 can also operate with an externally supplied VCC. It is important that the external VCC voltage
(3.3 V £5%) be applied and ready before at least one of the VIN or EN signals are applied. This avoids the
possibility of sinking current out of the internal LDO and thus ensures a smooth power-up sequence.

A good power-up sequence is where least one of VINy, o rising threshold or EN rising threshold is satisfied later
than the VCCyyo rising threshold. A practical example is: VIN applied is first, then the external bias applied, and
then EN signal goes high. When the EN pin voltage rises above the enable threshold voltage, the device enters
its start-up sequence as above. A good power-down sequence is the reverse, where either the VINyy, o falling
threshold or EN falling threshold is satisfied before the VCCyy o falling threshold.

7.3.3 Output Voltage Setting

The output voltage is programmed by the voltage-divider resistors, Rrg ps and Rgg s, shown in J7f250 1.
Connect Reg ps between the FB pin and the positive node of the load, and connect Rrg | s between the FB pin
and AGND. Tl recommends a Rgg (s value between 1 kQ to 20 k Q. Determine Reg_ps by using 725X 1.

Vo — ViNTREF
BT EE— RFBfLS

Reg_Hs =
B VINTREF (1)

Rre_ns and Rep | s should be as close to the device as possible.
7.3.4 Soft Start and Output-Voltage Tracking

The TPS54J060 implements a circuit to allow both internal fixed soft start and external adjustable soft start. The
internal soft-start time is typically 1.5 ms and has a 1-ms minimum value. The internal soft-start time can be
increased by adding a SS capacitor between SS/REFIN and AGND. The SS capacitor value can be determined
by 57 #23{ 2. Note, any Cgg calculation that uses a soft-start time of less than 1.5 ms will be ignored by the
internal soft-start time circuit. Therefore, selecting a capacitor less than or equal to 15 nF will result in the internal
default 1.5 ms soft-start time (See 77 8.2.2.7).

Coe = lss xtss
s =V
INTREF )

The SS/REFIN pin can also be used as an analog input to accept an external reference. When an external
voltage signal is applied to SS/REFIN pin, it acts as the reference voltage, thus the FB voltage follows this
external voltage signal. Apply the external reference to the SS/REFIN pin before soft start. The external
reference voltage must be equal to or higher than the internal reference level to ensure correct Power Good
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thresholds during soft start. With an external reference applied, the internal fixed soft start controls output
voltage ramp during start-up.

After soft start, the external reference voltage signal can be in a range of 0.5V to 1.2 V.

When driving the SS/REFIN pin with an external resistor divider, the resistance should be low enough so that the
external voltage source can overdrive the internal current source. Note that the internal current source remains
active.

When the TPS54J060 is enabled, an internal discharge resistance turns on to discharge external capacitance on
the SS/REFIN pin and ensure soft start from 0 V. When the device is enabled with both VIN and EN above their
rising thresholds, 100 Q of resistance is connected from the SS/REFIN pin to ground. After the device detects
the VCC pin is in regulation, the discharge resistance is increased to 300 Q. The 300-Q discharge resistance is
connected to the SS/REFIN until the MODE detection time is completed. After the MODE detection time is
completed, the TPS54J060 detects if an external reference is connected.

7.3.5 Frequency and Operation Mode Selection

The TPS54J060 provides forced CCM operation for tight output ripple application and auto-skipping Eco-Mode
for high light-load efficiency. The device allows users to select the switching frequency and operation mode by
using the MODE pin. 3 7-1 lists the resistor values for the switching frequency and operation mode selection. Tl
recommends 1% tolerance resistors with a typical temperature coefficient of £100 ppm/°C.

The MODE status will be set and latched during the MODE pin calibration time. Changing the MODE pin
resistance after the calibration time will not change the status of the device.

To make sure internal circuit detects the desired setting correctly, do not place any capacitor on the MODE pin.

#* 7-1. MODE Pin Selection

MODE PIN OPERATION MODE UNDER LIGHT SWITCHING FREQUENCY

CONNECTIONS LOAD (fsw) (kHz)
Short to VCC Skip mode 1100
243 kQ = 10% to AGND Skip mode 2200
121 kQ £ 10% to AGND Skip mode 600
60.4 kQ £10% to AGND Forced CCM 600
30.1 kQ £10% to AGND Forced CCM 2200
Short to AGND Forced CCM 1100

7.3.6 D-CAP3™ Control

The TPS54J060 uses D-CAP3 control to achieve fast load transient while maintaining ease-of-use. The D-CAP3
control architecture includes an internal ripple generation network enabling the use of very low-ESR output
capacitors such as multi-layered ceramic capacitors (MLCC). No external current sensing network or voltage
compensators are required with D-CAP3 control architecture. The role of the internal ripple generation network is
to emulate the ripple component of the inductor current information and then combine it with the voltage
feedback signal to regulate the loop. The amplitude of the ramp is determined by the R-C time-constant of the
internal circuit. At different switching frequencies (fgy), the R-C time-constant varies to maintain relatively
constant amplitude of the internally generated ripple. Also, the device uses internal circuit to cancel the dc offset
caused by the injected ramp, which significantly reduces the DC offset caused by the output ripple voltage.

For any control topologies supporting no external compensation design, there is a minimum range or maximum
range (or both) of the output filter it can support. The output filter used with TPS54J060 is a low-pass L-C circuit.
This L-C filter has double pole that is described in J5 f£ X 3.

1
2><7t><\/LOUT XCOuT (3)

fp
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At low frequencies, the overall loop gain is set by the output set-point resistor divider network and the internal
gain of the TPS54J060. 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 - 40 dB per decade and the phase drops rapidly. The internal ripple generation
network introduces a high-frequency zero that reduces the gain roll off from -40 dB to - 20 dB per decade and
increases the phase by 90 degrees a decade above the zero frequency.

The inductor and capacitor selected for the output filter must be such that the double pole of J7#5\ 3 is located
below the internal zero so that the phase boost provided by the internal zero provides adequate phase margin to
meet the loop stability requirement.

% 7-2. Internal Zero Frequency

SWITCHING FREQUENCIES
(fsw) (kHz)

ZERO (fz) FREQUENCY (kHz)

600 10
1100 20
2200 50

After identifying the application requirements, the output inductance should be designed so that the inductor
peak-to-peak ripple current is approximately between 20% and 40% of the maximum output current. Use % 7-2
to help locate the internal zero based on the selected switching frequency. In general, where reasonable (or
smaller) output capacitance is desired, set the L-C double pole frequency below the internal zero frequency to
determine the necessary output capacitance for stable operation.

If MLCC output capacitors are used, derating characteristics must be accounted for to determine the final output
capacitance for the design. For example, when using an MLCC with specifications of 10-uF, X5R, and 6.3 V, the
deratings 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 4 pF. Consult with capacitor manufacturers for specific characteristics
of the capacitors used.

For higher output voltage at or above 2 V, additional phase boost can be required for sufficient phase margin due
to phase delay/loss for higher output voltage (large on-time (ton)) setting in a fixed on-time topology based
operation.

A feedforward capacitor placed in parallel with Rrg_ s is found to be very effective to boost the phase margin at
loop crossover. Refer to the Optimizing Transient Response of Internally Compensated dc-dc Converters With
Feedforward Capacitor application report for details.

7.3.7 Current Sense and Positive Overcurrent Protection

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

The output overcurrent limit (OCL) in the TPS54J060 is implemented using a cycle-by-cycle valley current detect
control circuit. The inductor current is monitored during the OFF state by measuring the low-side FET drain-to-
source current. If the measured drain-to-source current of the low-side FET is above the current limit, the low-
side FET stays ON until the current level becomes lower than the OCL level. 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 and the output voltage tends to decrease. Eventually, when the output
voltage falls below the undervoltage-protection threshold (80%), the UVP comparator shuts down the device
after a wait time of 64 us. The devices remains latched OFF state (both high-side and low-side FETs are latched
off) until a reset of VCC or a re-toggling on EN pin.

If an OCL condition happens during start-up, then the device completes the charging of the soft-start capacitor,
then trips UV when soft start is complete. Latch-off follows as above.

The resistor, Rrgrip connected from the TRIP pin to AGND sets the valley current limit threshold. 52 4
calculates the Rtgp for a given current limit threshold.
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30000
Rrrip = |
LIM_ VALLEY (4)
where

* lum_vaLLEy is the valley current limit threshold in A
* Ryrp is TRIP resistor value in Q

If an RTRIP value less than 3.74 kQ is used, the TPS54J060 will default to an internally determined current limit
clamp value.

7.3.8 Low-side FET Negative Current Limit

The device has a fixed, cycle-by-cycle negative current limit. Similar to the positive overcurrent limit, the inductor
current is monitored during the OFF state. To prevent too large negative current flowing through low-side FET,
when the low-side FET detects - 3.5-A current (typical threshold), the device turns off the low-side FET and
turns on high-side FET for the on-time determined by V|n, Vout, and fsy. After the high-side FET on-time
expires, the low-side FET turns on again.

7.3.9 Power Good

The device has a power-good output that indicates high when the converter output is within the target. The
power-good output is an open-drain output and must be pulled up externally through a pullup resistor (usually 10
kQ). The recommended power-good pullup resistor value is 1 kQ to 100 kQ. The power-good function is
activated after the soft-start operation is complete.

During start-up, PGOOD transitions HIGH after soft start is complete and the output is between the UV and OV
thresholds. If the FB voltage drops to 80% of the V|ytrer voltage or exceeds 116% of the V|ytrer Vvoltage, the
power-good signal latches low after a 5-us internal delay. When using an external reference, the power-good
thresholds are based on the external reference voltage. The power-good signal can only be pulled high again
after re-toggling EN or a reset of VCC.

If the input supply fails to power up the device, the power-good signal clamps low by itself when PGOQOD is
pulled up through an external resistor.

7.3.10 Overvoltage and Undervoltage Protection

The TPS54J060 monitors the FB voltage to detect overvoltage and undervoltage. When the FB voltage
becomes lower than 80% of the V|ytrer voltage, the UVP comparator detects and an internal UVP delay counter
begins counting. After the 64-us UVP delay time, the latches OFF both high-side and low-side FETs drivers. The
UVP function enables after the soft-start period is complete.

When the FB voltage becomes higher than 116% of the V|ntrer voltage, the OVP comparator detects and the
circuit latches OFF the high-side MOSFET driver and turns on the low-side MOSFET until reaching a negative
current limit IyocL- Upon reaching the negative current limit, the low-side FET is turned off, and the high-side
FET is turned on again, for the on-time determined by V|, VouT, and fgy. The device operates in this cycle until
the output voltage is pulled down under the UVP threshold voltage for 64 us. After the 64-us UVP delay time,
both high-side and low-side FETs latch off. The fault is cleared with a reset of the input voltage or by re-toggling
the EN pin.

During the UVP delay time, if the output voltage becomes higher than the UV threshold, so it is not qualified for
UV event and the timer is reset to zero. When the output voltage triggers the UV threshold again, the UVP delay
timer restarts.

7.3.11 Out-Of-Bounds Operation (OOB)

The TPS54J060 has an out-of-bounds (OOB) overvoltage protection circuit that protects the output load at a
overvoltage threshold of 5% above the V|ytrer voltage. OOB protection does not trigger an overvoltage fault, so
the device is on non-latch mode after an OOB event. OOB protection operates as an early no-fault overvoltage
protection mechanism. During the OOB operation, the controller operates in forced CCM mode. The low-side
FET turns ON, discharging the inductor current below the zero current threshold and the output capacitor and
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pulling the output voltage to the set point. During the operation, the cycle-by-cycle negative current limit is also
activated to ensure the safe operation of the internal FETs.

7.3.12 Output Voltage Discharge

When the device is disabled through EN, it enables the output voltage discharge mode. This mode forces both
high-side and low-side FETs to latch off, and turns on the approximately 80-Q discharge FET which is
connected from SW to PGND, to discharge the output voltage. Once the FB voltage drops below 100 mV, then
the internal LDO is turned off and the discharge FET is turned off.

The output voltage discharge mode is activated by any of below fault events:
1. EN pin goes low to disable the converter.

2. Thermal shutdown (OTP) is triggered.

3. VCC UVLO (falling) is triggered.

4. VIN UVLO (falling) is triggered.

The discharge FET will remain ON for 128 v s after leaving any of the above states.
7.3.13 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 off-threshold voltage, the device shuts off. If the VCC voltage increases beyond the VCCyy o on-
threshold voltage, the device turns back on. VCC UVLO is a non-latch protection.

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

7.3.14 Thermal Shutdown

The device monitors internal junction temperature. If the temperature exceeds the threshold value (typically
170°C), the device stops switching and discharges SS. When the temperature falls approximately 38°C below
the threshold value, the device turns back on with a initiated soft start. Thermal shutdown is a non-latch
protection.
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7.4 Device Functional Modes
7.4.1 Auto-Skip Eco-Mode Light Load Operation

While the MODE pin is pulled to VCC directly or connected to AGND pin through a resistor larger than 121 kQ,
the device automatically reduces the switching frequency at light-load conditions to maintain high efficiency. This
section describes the operation in detail.

As the output current decreases from heavy load condition, the inductor current also decreases until the rippled
valley of the inductor current touches lzc, the zero-cross detection current threshold. Iz¢ is the boundary
between the continuous-conduction and discontinuous-conduction modes. The synchronous MOSFET turns off
when this zero inductor current is detected. As the load current decreases further, the converter runs into
discontinuous-conduction mode (DCM). After 16 consecutive detections of zero crossings, the TPS54J060
enters Eco-Mode and the switching frequency begins to decrease. 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 the light-load operation loyt) (for example, the threshold between continuous- and discontinuous-
conduction mode) is calculated as shown in 523X 5.

| B 1 y (Vin = Vour )x Vour
OUT(LL) =
()" 2xLx gy Vin (5)

where

* fgw is the PWM switching frequency

Only using ceramic capacitors is recommended for auto-skip mode.
7.4.2 Forced Continuous-Conduction Mode

When the MODE pin is tied to the AGND pin through a resistor less than 60.4 kQ, the controller operates in
continuous conduction mode (CCM) during light-load conditions. During CCM, the switching frequency
maintained to an almost constant level over the entire load range which is suitable for applications requiring tight
control of the switching frequency at the cost of lower efficiency.

7.4.3 Pre-Bias Start-up

When the TPS54J060 begins soft start, internal circuitry detects if there is a voltage already present on the
output. This can be due to a leakage current path in a multi-rail system charging the output capacitors. If the pre-
biased voltage is greater than the output voltage commanded by the soft-start voltage, the TPS54J060 operates
in Pulse-skip mode during the rise of soft start. When the soft-start voltage reaches a point where the
commanded output voltage is greater than the pre-bias voltage, then normal switching occurs.
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

The TPS54J060 is a high-efficiency, single-channel, small-sized, synchronous-buck converter. The device suits
low output voltage point-of-load applications with 6-A or lower output current in server, storage, and similar
computing applications. The device features proprietary D-CAP3 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 ideal fashion. The output voltage ranges from 0.9 V to 5.5 V. The conversion input voltage ranges from 2.7
V to 16 V and the VCC input voltage ranges from 3.0 V to 3.6 V. The D-CAP3 control uses emulated current
information to control the modulation. An advantage of this control scheme is that it does not require a phase-
compensation network outside which makes the device easy-to-use and also allows low external component
count. Further advantage of this control scheme is that it supports stable operation with all ceramic output
capacitors. Adaptive on-time control tracks the preset switching frequency over a wide range of input and output
voltage while increasing switching frequency as needed during a load-step transient.

8.2 Typical Application

This design example describes a D-CAPS3 type, 6-A synchronous buck converter with integrated MOSFETs. The
device provides a fixed 1.8-V output at up to 6 A from a 12-V input bus.

Input Voltage: 12 V Nominal

o f l\/IN
+CBULK .
INPUT (foolﬂ; =—=Clt ==Cl2 ==CI3 =—=Cl4 ==CI5 Ut 0 Output Voltage: 1.8 V at 6 A
1206 1206 0603 0603 0.1uF CBOOT OUTPUT
25V 25V 25V 25V 0402 o soor |10 RBOOT 1 p——

outT 1 [
10uF | 10uF | 47uF | 47uF | 25V 5 1 TuH 2
220nF
EN s o ==C01 ==C02 ==C08 ==C04 ==C05 ==CO6 ==CO7 72

0402 0805 0805 0805 0805 0805 0805 =

= REN_T vee \vGe TP1 M 63V | 63V | 63V | 63V | 63V | 63V | 63V PGND
PGND 499K RPG 0AUF | 47uF | 47uF | 470F | 470F | a70F | 47uF
9
PGOOD
B, P2 OF‘VCC 33k  PGOOD . FB
1 4 1 vce =
vee 0
N PGND
EN_OFF MODE
. ponp RFB_T RBODE
PGND 14 CVeo 10.0k I 10.0 I
SS/REFIN 4T
REN_B AGND CFF P3 P4
100K RTRIP i BODE- BODE+
DiE 499k  ==CSS > RFB_B 1l :
SonF  TPSSAJOBORPGR 0.0% 4700F RBODE for testing purposes only
s
Aclp AGND  PGND AGND

& 8-1. Application Circuit Diagram
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8.2.1 Design Requirements
This design uses the parameters listed in & 8-1.

% 8-1. Design Example Specifications

DESIGN PARAMETER CONDITIONS MIN TYP MAX| UNIT
VN Voltage range 8 12 16 \%
Vour Output voltage 1.8 \Y
ILoaD Output load current 6 A
VrippLe  Output voltage DC ripple ViN=12V, lgyr =6 A (CCM) 10 mVpp
Virans  Output voltage undershoot and | loyt = 25% to 75% step, 1 A/us slew rate 18 mv

overshoot after load step

loutr Lm  Output over current limit ViN=8V 6.6 A
tss Soft-start time 2 ms
fsw Switching frequency 1100 kHz

8.2.2 Detailed Design Procedure

The external components selection is a simple process using D-CAP3 control mode. Select the external
components using the following steps.

8.2.2.1 Choose the Switching Frequency and Operation Mode (MODE Pin)

The switching frequency and light load mode of operation are configured by the resistor on the MODE pin. From
% 7-1, the MODE pin is connected to VCC to set a 1100-kHz switching frequency with discontinuous conduction
mode and skip mode enabled at light loads.

When selecting the switching frequency of a buck converter, the minimum on-time and minimum off-time must
be considered. J7#£3{ 6 calculates the maximum fgy before being limited by the minimum on-time. When hitting
the minimum on-time limits of a converter with D-CAP3 control, the effective switching frequency will change to
keep the output voltage regulated. This calculation ignores resistive drops in the converter to give a worst case
estimation.

Vour 1 18V 1 1180 kHz
Vin(max) toy min(max) 16V 95ns (6)

fsw (max) =

J7#£3:0 7 calculates the maximum fgy, before being limited by the minimum off-time. When hitting the minimum
off-time limits of a converter with D-CAP3 control, the operating duty cycle will max out and the output voltage
will begin to drop with the input voltage. This equation requires the DC resistance of the inductor, Rpcg, selected
in the following step so this preliminary calculation assumes a resistance of 10 m Q. If you are operating near the
maximum fgy limited by the minimum off-time, the variation in resistance across temperature must be
considered when using /7 £\ 7. The selected fgyy of 1100 kHz is below the two calculated maximum values.

Vin (min) = Vout —loyT (Max) x (P‘DCR + RDS(ON)_HS)

fSW (maX) =
torr_in (Max) x (VIN (min) —loyr (Max)x (RDS(ON)_HS _P‘DS(ON)_LS))
8V-18V-6Ax(10 mQ+25mQ
fow (Max) = “ ) _ 3360 kHz
220 nsx(8 V-6 Ax(25 mQ-9.2 mQ))
)
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8.2.2.2 Choose the Output Inductor (L)

Calculate the inductance value to set the ripple current at approximately 0.3 times the output current using J7 £
7. 8. Larger ripple current improves transient response and improves signal-to-noise ratio with the tradeoff of
increased steady state output voltage ripple. Smaller ripple current reduces steady state output voltage ripple
with the trade off of slower transient response and may increase jitter. The target ripple current must be between
0.6 A and 3 A. Based on the result of /7#£x{ 8, a standard inductance value of 1 yH was selected.

L _ (Vin(max)—Vour)xVour _ (16V-1.8V)x1.8V

= =0.81pH
lppLe % Vin (Max) xfay  0.3x6 Ax16 V x1100 kHz @)

J7#£5 9 calculates the ripple current with the selected inductance. 7725 10 calculates the peak current in the
inductor and the saturation current rating of the inductor should be greater than this. The saturation behavior of
the inductor at the peak inductor current at current limit must also be considered when choosing the inductor. Jj
20 11 calculates the RMS current in the inductor and the heat current rating of the inductor should be greater
than this.

(Vin(max) - Vour )xVour ~ (16 V-1.8V)x1.8V

=145A

IF{IPPLE = =
L x Viy (max) x fgyy 1 uHx 16 V x1100 kHz o
L PeAK) = louT JJRIP% . '45 A 6.73 A o

2 2 2 2
laws) = Vlour® +lrippLe? = V6 A% +1.45 A% =6.17 A )
The selected inductance is a CMLEO63T-1R0. This has a saturation current rating of 14 A, RMS current rating of
16 A and a DCR of 6.5-m Q max. This inductor was selected for its low DCR to get high efficiency.

8.2.2.3 Set the Current Limit (TRIP)

The Rygrp resistor sets the valley current limit. 75 #£5 12 calculates the recommended current limit target. This
includes the tolerance of the inductor and a factor of 0.85 for the tolerance of the current limit threshold. J5 2=
13 calculates the Rygp resistor to set the current limit. The typical valley current limit target is 6 A and the

closest standard value for Rygp is 4.99 kQ.

ey <[logr e Ln(min) Vour)<Vour
LIM_VALLEY = | louT ~ 5 Lx(1+Lyo)x Vin(min)xfgy | 0.85

| 6 A 1 (8V—1.8V)><1.8V 1 6.44 A
_ —_x X =0.
LIM_ VALLEY 2 1pHx(1+0.2)x8 Vx1100 kHz ) 0.85 (12)
R ~ 30000 30000 5.0 kO
TRIP = - o
lLm_ vALLEY 6A (13)

With the current limit set, /723 14calculates the typical maximum output current at current limit. 5= 15
calculates the typical peak current at current limit. As mentioned in 77 8.2.2.2, 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.

1 (VMin(min) = Vour ) x Vour 1 (8V-18V)x18V

| min) =1 4+ _BA+L _6.6A
out_um (Min) =hiv_vauiey +5 L x Vi (min) x fgyy 2 TuH=8 V<1100 kHz

(14)
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Vin (Max) = Vour ) Vour 16 V-1.8V)x1.8V
| (Peak) = lm_vaLLey +( ) =6A+ ( ) =7.45A
Lx Viy (max) x fgyy 1uHx16 V x1100 kHz 15)

8.2.2.4 Choose the Output Capacitors (Coyr)

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, the minimum output capacitance should be calculated based on these three requirements. J7f£ 5 16
calculates the minimum capacitance to keep the LC double pole below 1/30th the fgy to meet stability
requirements. This requirement helps to keep the LC double pole close to the internal zero. See ¥ 7-2 for the
location of the internal zero. /7 #£3{ 17 calculates the minimum capacitance to meet the steady state output
voltage ripple requirement of 10 mV. 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
15 1 15 1
Cout_sTABILITY >[ J X — 2( j =19 uF

nxfsw ) L \nx1100kHz) ~1pH 16)
Cout_RiPPLE > lppLe = 145 A =16.5 uF
- 8x VrppLe Xfow  8x10 mV x1100 kHz (17)

J #2818 and J 230 19 calculate the minimum capacitance to meet the transient response requirement of 18
mV with a 3-A 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.

V,
Lxleareps x| ——OUT 4 max
STEP [V|N(m'”)stw orf_min ( )J

CouT_UNDERSHOOT >
- Vin (Min) = Vour

V|N (m|n) X fSW

2x Vrgans * Vour X [ —torF_mIN (max)J

1uHx3 A2« 18V 550 ps
8 V x1100 kHz
CouT_UNDERSHOOT > 8V_18V =122 yF
2><18mV><1.8V><('—220nS
8 Vx1100 kHz (18)
L xlarep® 1uHx3 A2
C > STEP - =139 uF
OUT_OVERSHOOT = 5« Virmans * Vour  2x18 mVx1.8 V H (19)

The output capacitance needed to meet the overshoot 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 and /5 f£3\ 20 calculates the recommended maximum output capacitance. This calculation keeps
the LC double pole above 1/100th the fgy. It can be possible to use more output capacitance but the stability
must be checked through a bode plot or transient response measurement. The selected output capacitance is 6x
47-uF 0805 6.3-V ceramic capacitors. When using ceramic capacitors, the capacitance must be derated due to
DC and AC bias effects. The selected capacitors derate to 60% their nominal value giving an effective total
capacitance of 169 pF. This effective capacitance meets the minimum and maximum requirements.

2 2
50 1 50 1
C < —= =209 pF
OUT _STABILITY (anSWJ 1 [nxﬁoo ksz ] o U o0
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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 should be below the values calculated in 77 f£x{ 21 to
meet the ripple requirement and 523 22 to meet the transient requirement. For more accurate calculations or
if using mixed output capacitors, the impedance of the output capacitors should be used to determine if the
ripple and transient requirements can be met.

VrippLe _ 10 mV

Resr_RippLE < = =6.9 mQ
V- 18 mV
Resr_TRANS < ITRANS = 3A 6.0 mQ
STEP

(22)
8.2.2.5 Choose the Input Capacitors (Cy)

The TPS54J060 requires input bypass capacitors between the 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 will allow. At least
10 pyF of ceramic capacitance and a 0.01-pF to 0.1-yF high frequency ceramic bypass capacitor is required. The
high frequency bypass capacitor minimizes high frequency voltage overshoot across the power-stage. The
ceramic capacitors must be high-quality dielectric of X5R or X7R for their high capacitance-to-volume ratio and
stable characteristics across temperature. In addition to this, 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 7523 23. A
recommended target input voltage ripple is 5% the minimum input voltage, 400 mV in this example. The
calculated input capacitance is 2.4 uF and the minimum input capacitance of 10 yF exceeds this. This example
meets these two requirements with two 4.7-uF 0603 25-V ceramic capacitors and two 10-puF 1206 25-V ceramic
capacitors.

V,
Vour Xlour x| 1-~YT | 1gvxpAx[1-18Y
Cos Vin (min) _ 8V 24 uF
N7 fow x Vin(Min)x Vi mippLe 1100 kHzx8 V<400 mV — ~ (23)

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 /523 24 and is 2.5 A in
this example. The ceramic input capacitors have a current rating much greater than this.

=25A

Y/ Vin (min) = Vout 18V (8Vv-18V
leingrms) = lout [ X ( , )_ 6 Ax N )
Vin (min) Vin (min) 8V 8V (24)

For applications requiring bulk capacitance on the input, such as ones with low input voltage and high current,
the selection process in this article is recommended.

8.2.2.6 Feedback Network (FB Pin)

The output voltage is programmed by the voltage-divider resistors, Rrg 1 and Rgg g, shown in J7FEEl 25.
Connect Reg 1 between the FB pin and the output, and connect Rrg g between the FB pin and AGND. The

recommended Reg g value is from 499 Q to 20 k Q. Determine Reg 1 using 75 £\ 25.

Res_1=Rrs 8 x(VOUT _1J=1o ka[ﬂ—q:m kQ
- - VREF 09 V (25)
In most applications, a feedforward capacitor (Cgr) in parallel with Rgg T is recommended. Cgr can improve the
transient response and increase the phase margin. Cgr can be required for sufficient phase margin if the output
voltage is greater than 1.8 V or if the LC double pole frequency is below fgy / 60. The frequency of the LC
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double pole for this application is calculated with 772z 26 to be 12.1 kHz. This is less than fgyy / 60 so Cgf is
used.

=12.2 kHz

1 1
fic = —= —
21 x LXCOUT 2nx /1 HHX169 lJF (26)

The recommended value for Cgf is calculated with J7#£3( 27. This equation selects Cgr to put a zero at fi ¢ x 3.
In this example, the calculated value is 434 pF and a standard value of 470 pF is used. For higher output
voltages, the zero from Cgr should be closer to the LC double pole. For example, for a 5-V application, the zero
from Cgg should be placed at or even below the LC double pole.

1 1 = 434 pF

C = =
P 2nxReg 7x3xfg  21x10 kQx3x12.2 kHz 27)

8.2.2.7 Soft Start Capacitor (SS/REFIN Pin)

The capacitor placed on the SS/REFIN pin can be used to extend the soft-start time past the internal 1.5-ms soft
start. This example uses a 2-ms soft start time and the required external capacitance can be calculated with 77 %
7 28. In this example, a 22-nF capacitor is used.

C :ISSthszgquzmszzonF
5 Vier 0.9V (28)

Note
A minimum capacitor value of 1 nF is required at the SS/REFIN pin to help bypass noise. Also, the
SS/REFIN capacitor must use the AGND pin for its ground. Note, any Cgg calculation that uses a soft-
start time of less than 1.5 ms will be ignored by the internal soft-start time circuit. Therefore, selecting
a capacitor less than or equal to 15 nF will result in the internal default 1.5 ms soft-start time.

8.2.2.8 EN Pin Resistor Divider

A resistor divider on the EN pin can be used to increase the input voltage that the converter begins its start-up
sequence. Increasing the input voltage the converter starts up at can be useful in high output voltage
applications. The resistor divider can be selected so the converter starts switching after the input voltage is
greater than the output voltage. If the output voltage comes up before the input voltage is sufficient, UVP can be
tripped and cause the converter to latch off.

To set the start voltage, first select the bottom resistor (Rgn_g). The recommended value is between 1 kQ and
100 k Q2. There is an internal pulldown resistance with a nominal value of 6 M Q and this must be included for the
most accurate calculations. This is especially important when the bottom resistor is a higher value, near 100 kQ.
This example uses a 100-k Q resistor and this combined with the internal resistance in parallel results in an
equivalent bottom resistance of 98.4 k Q. The top resistor value for the target start voltage is calculated with 5 72
7\ 29. In this example, the nearest standard value of 499 k Q is selected for Ren_T-

R x V
TN B ISTART g o= BAKYTAN o84 ka =298k

R -
EN_T 122V (29)

VENH

The start and stop voltages with the selected EN resistor divider can be calculated with 7725 28 and J5 £\
31.

R +R 4 kQ+499 kQ
Veranr = Ve x —EN-BTTENT g 5oy, 984 KQHANKD 4y,
RENiB 98.4 kQ (30)
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R +R
Verop = Ve x—ENBTTENT _ g 9oy, 9BAKQ+AV KD _ g,
Ren s 98.4 kQ 1)

8.2.2.9 VCC Bypass Capacitor

At a minimum, a 1-yF ceramic bypass capacitor is needed on VCC pin located as close to the pin as the layout
will allow.

8.2.2.10 BOOT Capacitor

At a minimum, a 0.1-yF ceramic bypass capacitor is needed between the BOOT and SW pins located as close
to the pin as the layout will allow.

8.2.2.11 Series BOOT Resistor and RC Snubber

A series BOOT resistor can help reduce the overshoot at the SW pin. As a best practice, include a 0-Q series
BOOT resistor in the design for 12-V or higher input applications. The BOOT resistor can be used to reduce the
voltage overshoot on the SW pin to within the Absolute Maximum Ratings in case the overshoot is higher than
normal due to parasitic inductance in PCB layout. Including a 0- Q@ BOOT resistor is recommended with external
VCC as the SW node overshoot is increased. The recommended BOOT resistor value to decrease the SW pin
overshoot is 4.7 Q.

An RC snubber on the SW pin can also help reduce the high frequency voltage spikes and ringing at the SW pin.
Recommended snubber values are 6.8 Q and 220 pF. The best value for these components can vary with
different layouts but these recommended values should provide a good starting point. In order for the RC
snubber to be as effective as possible, it should be placed on the same side as the IC and be as close as
possible to the SW pins with a very low impedance return to PGND pins.

8.2.2.12 PGOOD Pullup Resistor

The PGOOD pin is open-drain so a pullup resistor is required when using this pin. The recommended value is
between 1 kQ and 100 k Q.
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8.2.3 Application Curves

& 8-4. Efficiency - 1100 kHz, FCCM, External 3.3-
VVCC, 4.7-Q Rgoort
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K 8-5. Efficiency - 1100 kHz, FCCM, External 3.3-
V VCC, 0-Q RgooT

100
90 e
80 o —
70
2 60
z
c 50
g
£ 40
w
30
20 — Vn=8V
10 — V=12V
— Vn=16V
0
0.001 0.010.02 00501 02 05 1 2 345710
Output Current (A)
Vour=1.8V fsw = 1100 kHz MODE = DCM
VCC=Ext3.3V Rgoor =4.7 Q

K 8-6. Efficiency - 1100 kHz, DCM, External 3.3-V
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Output Current (A) Output Current (A)
Vour = 1.8V fow=1100kHz ~ MODE = FCCM Vour=1.8V fow = 1100 kHz MODE = DCM
& 8-10. Output Voltage vs Output Current - FCCM | & 8-11. Output Voltage vs Output Current - DCM
1.82 1300
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1.78 1100
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Input Voltage (V) Output Current (A)
Vour = 1.8V fsw = 1100 kHz Vour = 1.8V fow= 1100 kHz ~ MODE = FCCM
8-12. Output Voltage vs Input Voltage ¥ 8-13. Switching Frequency vs Output Current -
1100 kHz
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Output Current (A)
Voutr =18V fsw = 600 kHz MODE = FCCM

& 8-14. Switching Frequency vs Output Current -

R e A i S S S S

' VOUT (1 V/div)

Time (1 ms/div)

VIN =12V RLOAD =03 Q
& 8-15. EN Start-Up

Time (1 ms/div)

Vin=12V Rioap =0.3 @
8-16. EN Start-Up

Time (1 ms/div)

V|N =12V IOUT =0A MODE = DCM
& 8-17. EN Start-Up - DCM

Time (100 ps/div)
VIN =12V RLOAD =03 Q

| 8-18. EN Shutdown

e e

Time (2 ms/div)
Rioap =03 @

Q 8-19. VIN Start-Up
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Time (4 ms/div)

' SW (5 Vidiv)

—————————————————————————————

" 10UT (2 Ardiv)

Time (20 ps/div)

K] 8-22. Load Transient - DCM

Rioap = 0.3 @ ViN=12V 0.1 Ato 3.1 Astep 1 Alusec
MODE = FCCM
& 8-20. V;y Shutdown
& 8-21. Load Transient - FCCM
60 180
40 P’ AT 120
~< \
20 ol N\ il =~ 60
SW (5 V/div) . N A
) 2 >
z 0 ™ 0
g ~
VOUT AC (20 mV/div) o N -
77777777777777777777777777777 -20 ™ -60
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o 20
777777777777777777777777777 — Gain
' 10UT (2 Ardiv) | — Phase
ffffffffffffffffff -60 -180
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Frequency (Hz)
Time (20 ps/div)
V|N=12V IOUT=6A
Vin=12V 0.1 Ato 3.1 A step 1 A /usec
MODE = DCM & 8-23. Bode Plot

Time (1 ps/div)

V|N=12V ILOAD=0-1A

& 8-24. Output Voltage Ripple

MODE = FCCM

Time (4 ps/div)

V|N =12V ILOAD =01A MODE = DCM

& 8-25. Output Voltage Ripple - DCM
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Time (1 ps/div)
VIN =12V

Time (1 ms/div)

lLoap =6 A ViNn=12V lour=0A Prebias = 1.0 V

& 8-26. Output Voltage Ripple & 8-27. EN Start-Up With Prebias

- - - - F- - -

I0UT (5 Adiv)

Time (100 ps/div)

Time (100 ps/div)

ViNn=12V lout = 7.5-A Constant Current ViN=12V lout = 7.5-A Constant Current

& 8-28. Overcurrent Response K 8-29. Overcurrent Response

SW (5 V/div)

Time (20 ps/div)
Vin=12V IOUT = Short

& 8-30. Short Circuit Response
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9 Power Supply Recommendations

The devices are designed to operate from an input voltage supply range between 2.7 V and 16 V. If you are
using an input voltage below 4.0 V, the VCC pin requires external bias. Proper bypassing of input supplies (VIN)
and internal LDO (VCC) is also critical for noise performance, as is PCB layout and grounding scheme. See the
recommendations in 77 10.
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10 Layout

10.1 Layout Guidelines

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

* A 0402-sized 0.01-pF to 0.1-yF decoupling capacitor should be placed as close as possible to the VIN and
PGND pins to decouple high frequency noise and help reduce switch node ringing. Larger VIN decoupling
capacitors should be placed as close as possible to VIN and PGND pins behind this capacitor to further
minimize the input AC-current loop.

* Place the power components (including input and output capacitors, the inductor, and the I1C) on the solder
side of the PCB. In order to shield and isolate the small signal traces from noisy power lines, insert and
connect at least one inner plane to ground.

* All sensitive analog traces and components such as FB, PGOOD, TRIP, MODE, and SS/REFIN must be
placed away from high-voltage switching nodes such as SW and BOOT to avoid coupling. Use internal layers
as ground planes and shield the feedback trace from power traces and components.

* Place the feedback resistor near the device to minimize the FB trace distance.

* Place the OCP-setting resistor (Rtrp) and mode-setting resistor (Ryopg) close to the device. Use the
common AGND via to connect the resistors to the VCC PGND plane if applicable.

* Place the VCC decoupling capacitors as close as possible to the device. If multiple capacitors are used,
provide PGND vias for each decoupling capacitor and ensure the return path is as small as possible.

* Keep the switch node connections from pins 2 and 11 to the inductor as short and wide as possible.

* Use separate traces to connect SW node to the bootstrap capacitor and RC snubber, if used, instead of
combining them into one connection. Keep both the BOOT and snubber paths short for low inductance and
the best possible performance. Also, to minimize inductance, avoid using vias for the RC snubber routing and
use very wide traces. To be most effective, the RC snubber should be connected between a large SW copper
shape and large PGND copper shape on the same side of the PCB as the TPS54J060.

* Avoid connecting AGND to the PCB ground plane (PGND) in a high current path where significant IR and
L*dl/dt drops can occur.
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10.2 Layout Example

ias to PGND

®

EN PGOOD

E 10-1. Top Layer Layout

& 10-2. Signal Layer 1 Layout
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O O

& 10-3. Signal Layer 2 Layout

Al 10-4. Bottom Layer Layout (Viewed from Top)
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11 Device and Documentation Support
11.1 Documentation Support
11.1.1 Related Documentation

Optimizing Transient Response of Internally Compensated dc-dc Converters With Feedforward Capacitor

1.2 SZHRFBEUR

TIE2E™ SCHrpizn e TRIMMEESEFOR | W HENEZRB IR, KW s Mt . MRIWA R
Fral B CH R e T 3R A BT e R e B

BRI AR BN TR HRIRRE T 1ROt XL E AR T EORINE |, HFHA—E R TR A 1S5
T (EER &0 «

1.3 W OR BEFiE &n

BRSO R A, W SHE ti.com LRI SCIE e midy 7B E R HEATIENY |, RIVAT AR SO i s B EE
B . ARESRHTEAE R | I EEEM BT O S BB P il 5.

11.4 Trademarks

D-CAP3™ and Eco-mode™, are trademarks of TI.
Hotrod™ and Tl E2E™ are trademarks of Texas Instruments.

FTA AR & B AR E R .
11.5 Glossary

TI Glossary This glossary lists and explains terms, acronyms, and definitions.

11.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
“ \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
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12 Mechanical, Packaging, and Ordering Information

The following pages include mechanical, packaging, and ordering 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 Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
TPS54J060RPGR ACTIVE VQFN-HR RPG 14 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 543060

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® | ead finish/Ball material - Orderable Devices 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.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS54J060RPGR VQFN- RPG 14 3000 180.0 8.4 225 | 325 ] 1.05 | 4.0 8.0 Q1
HR
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS54J060RPGR VQFN-HR RPG 14 3000 210.0 185.0 35.0
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PACKAGE OUTLINE
RPG0014A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

B —

/

3.1
2.9
PIN 1 INDEX AREA /
1.1
0.9
l L*’*’**_":‘%’*“'i SEATING PLANE
015 |
-0.07 SY(E/IM ‘_‘ (0.1) TYP

SYMM

D C 14x 9-35
—>

i 0.15

S D D Gj $4LFL’JJ8:;%CCAB

T

o=
o=

4224340/A 06/2018

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.
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EXAMPLE BOARD LAYOUT
RPGO0014A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

| |

8X (0.6) | (\Q ‘

14X (0.25) ‘ ‘ ‘
10X (0.5) T rrerr ]

B i |
L]A I ]
i i
5X (0.8) |=—

LAND PATTERN EXAMPLE
SCALE: 20X

SOLDER MASK
0.05 MAX 0.05 MIN OPENING
ALL AROUND "‘ﬁ ALL AROUND ﬂt

/ METAL ( METAL UNDER
| | SOLDER MASK
/8 " souem sk o
OPENING L
EXPOSED METAL lh_)\ EXPOSED METAL

NON- SOLDER MASK
DEFINED SOLDER MASK

(PREFERRED) DEFINED

SOLDER MASK DETAILS
4224340/A 06/2018

NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN
RPG0014A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD

8X (0.6) ¢

|
‘ |
14X (0.25) | |
10X (0.5) L T D% 7777777 _

B |
CpigT-
| |
5X (0.8) |=—

(1.2) —=

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

EXPOSED PAD
SCALE: 20X

4224340/A 06/2018

NOTES: (continued)

4. 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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