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5 Pin Configuration and Functions
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& 5-1. Pin Functions

PIN

DESCRIPTION

NAME NO.

VO 1 Connect to output of converter. This pin is used for output discharge function.

VFB 2 Converter feedback input. Connect to output voltage with feedback resistor divider.
5.5V power supply output. A capacitor (typical 1 pF) should be connected to GND. VREGS is not active

VREG5 3 .
when EN is low.

SS 4 Soft-start control. An external capacitor should be connected to GND.

GND 5 Signal ground pin

PG 6 Open drain power good output

EN 7 Enable control input. EN is active high and must be pulled up to enable the device.

PGND1, PGND2 8,9 Ground returns for low-side MOSFET. Also serve as inputs of current comparators. Connect PGND and
GND strongly together near the IC.

SW1, SW2 10, 11 Switch node connection between high-side NFET and low-side NFET. Also serve as inputs to current
comparators.

VBST 12 Supply input for high-side NFET gate driver (boost terminal). Connect capacitor from this pin to
respective SW1, SW2 terminals. An internal PN diode is connected between VREGS5 to VBST pin.

VINT, VIN2 13, 14 Power |n_put_and connected to high side NFET drain. Supply input for 5-V internal linear regulator for the
control circuitry.

PowerPAD™ Back side Thermal pad of the package. Must be soldered to achieve appropriate dissipation. Should be connected

to PGND.
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) ()

MIN MAX UNIT
VIN1, VIN2 EN -0.3 20 \
VBST -0.3 26 \
VBST (10 ns transient) -0.3 28 Vv
Input voltage range VBST (vs SW1, SW2) -0.3 6.5 Vv
VFB, VO, SS, PG -0.3 6.5 \
SW1, SW2 -2 20 \Y
SW1, SW2 (10 ns transient) -3 22 \Y
Output voltage range VREGS 03 65 v
PGND1, PGND2 -0.3 0.3 \Y
Voltage from GND to PowerPAD™ V4 -0.2 0.2 \Y
Operating junction temperature, T, -40 150 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE
UNIT
MIN MAX
Storage temperature, Tgq -55 150 °C
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") -2000 2000
V (esp) Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \
c101@ -500 500
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT
VN Supply input voltage range 45 18 Vv
VBST -0.3 24
VBST(10 ns transient) -0.3 27
VBST (vs SW1, SW2) -0.3 5.7
SS, PG -0.3 5.7
V, Input voltage range EN -0.3 18 Vv
VO, VFB -0.3 5.5
SW1, SW2 -1.8 18
SW1, SW2 (10 ns transient) -3 21
PGND1, PGND2 -0.3 0.1
Vo Output voltage range VREG5 -0.3 5.7 Vv
lo Output Current range lVREGS 0 5 mA
Ta Operating free-air temperature —40 85 °C
T, Operating junction temperature —40 150 °C
6.4 Thermal Information
TPS54525
THERMAL METRIC PWP UNITS
14 PINS
N Junction-to-ambient thermal resistance 43.7
8ctop Junction-to-case (top) thermal resistance 33.1
0,8 Junction-to-board thermal resistance 28.4 .
Wyt Junction-to-top characterization parameter 1.3 cw
Wis Junction-to-board characterization parameter 28.2
0,cbot Junction-to-case (bottom) thermal resistance 4.7
6.5 Electrical Characteristics
over operating free-air temperature range, V|y = 12V (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY CURRENT
Ivin Operating - non-switching supply current x'\:‘F;irrggt‘vTA =25°C,EN=5V, 900 1400 pA
lVINSDN Shutdown supply current VN current, T =25°C,EN =0V 3.6 10 MA
LOGIC THRESHOLD
VENH EN high-level input voltage 1.6 V
VENL EN low-level input voltage 0.6 \%
Ren EN pin resistance to GND Ven=12V 220 440 880 kQ
VFB VOLTAGE AND DISCHARGE RESISTANCE
Ta =25°C, Vo = 1.05 V, continuous mode 757 765 773
VEBTH VFB threshold voltage Tp =—40°C to 85°C, Vg = 1.05 V, continuous mV
e e 754 776
lveB VFB input current Vveg = 0.8V, Tp = 25°C 0 +0.15 MA
Rpischg Vo discharge resistance Ven=0V,Vp=0.5V, Tp=25°C 50 100 Q
VREGS5 OUTPUT
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback
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over operating free-air temperature range, V|y = 12V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Vvrees | VREGS output voltage 3A<=|V2RSE;C;§50n\1/A< VN <18V, 5o 55 57 v
VVREGS VREGS Line regulation 6.0V <V|Ny<18YV, lyregs =5 mA 20 mv
VVREG5 VREGS Load regulation 0 mA < lyregs <5 mA 100 mv
lvrREGS VREGS5 Output current VIN=6V, Vyrees =4V, Tao =25°C 60 mA
MOSFET

Rdsonh High side switch resistance Ta=25°C, Vgsr- Vw12 =55V 63 o
Rasonl Low side switch resistance Tp =25°C 33 0

CURRENT LIMIT

loci Current limit Lout = 1.5 pH(M 6.1 6.9 8.4 A
THERMAL SHUTDOWN
Shutdown temperature (V) 165
Tson Thermal shutdown threshold °C
Hysteresis (1) 35
ON-TIME TIMER CONTROL
TON On time VIN =12V, Vo =105V 155 ns

TOFF(MIN) Minimum off time

TA = 25°C, VVFB =07V

260 330 ns

SOFT START

Issc SS charge current Vgs=1V 4.2 6.0 7.8 pA
Issp SS discharge current Vgs=0.5V 0.1 0.2 mA
POWER GOOD

VThPG PG threshold

Vg rising (good)

85 90 95 %

Vyeg falling (fault) 85 %
Ipg PG sink current Vpg=0.5V 25 5 mA
OUTPUT UNDERVOLTAGE AND OVERVOLTAGE PROTECTION
Vove Output OVP trip threshold OVP detect 120 125 130 %
TovepeL | Output OVP prop delay 10 us

UVP detect 60 65 70 %
Vuvp Output UVP trip threshold

Hysteresis 10 %
Tuveper | Output UVP delay 0.25 ms
TuvPEN Output UVP enable delay Relative to soft-start time x 1.7
uvLoO

Wake up VREGS voltage 3.31 3.61 3.91
VuvLo UVLO threshold Fall VREGS voltage 2.82 3.12 3.42 V

Hysteresis VREGS voltage

0.37 0.49 0.61

M

Not production tested.
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6.6 Typical Characteristics
ViN =12V, Ta = 25 °C (unless otherwise noted)

1200 12
1000 _ 10 /
_. 800 5 8
g [&]
g s
3 600 5:) 6 /’
> oL
3 400 g 4 /
3 —
200 2
|—v.N=12v |—vw=12v
0 0
50 0 50 100 150 -50 0 50 100 150
Junction Temperature (°C) Junction Temperature (°C)
6-1. V|y Current vs Junction Temperature B 6-2. V;y Shutdown Current vs Junction
Temperature
50 1.09
Vo = 1.05V
45
w0 / 1.08
35 4/
z / 107
= % S
3 25 / S 106 -__-_"_'_: ‘_‘
E / A i i
z o
5 / 1.05
10 /
1.04
/ — Vn =5V
5 —- V= 12V
/ |—v.N=12v —= Vpy =18V
0 1.03
0 5 10 15 20 0 05 1 15 2 25 3 35 4 45 5 55
EN Input Voltage (V) Output Current (A)
Ed 6-3. EN Current vs EN Voltage Ed 6-4. 1.05-V Output Voltage vs Output Current
1.07 P LR B —
] Vo (50 mVidiv ac copled) h ]
v / = ! MR m—————— ol
E ‘/ o -
§ 1.05 P loyT (2A/divy ]
3 ]
1.04 B
Slew Rate (0.35A/usec)
— o =0A
—-lo=1A Time Scale (100pusec/div)
1.03 R B P T T T N S
0 5 10 15 20 Chi  50.0mY © Bw 100 s 5 005 200nsht
Input Voltage (V) Ch3 20h  QBw A CHI s 2764
i 6-6. 1.05-V, 50-mA to 5.5-A Load Transien
6-5. 1.05-V Output Voltage vs Input Voltage E1 6-6. 1.05-V, 50 05.5 ° sient
Response
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: TPS54525


https://www.tij.co.jp
https://www.tij.co.jp/product/jp/tps54525?qgpn=tps54525
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSLN5B&partnum=TPS54525
https://www.tij.co.jp/product/jp/tps54525?qgpn=tps54525

I3 TEXAS
TPS54525 INSTRUMENTS
JAJSLNSB — MAY 2012 — REVISED APRIL 2021 www.tij.co.jp
T e 100
EN (10 V/div) : o i [ S S
2 S 7 — TSy
R 80,
24 . : : ] 70
VREGS5 (5 V/div)
S o Sy U G SRR = s
Vg (500 mV/div) >
= g
o
& 40
PG (5 V/div) 30
B 20
S — Vour = 18V
. 10 — - Vour = 25V
: : == Vour = 33V
T T ey T %0 05 10 15 20 25 30 35 40 45 50 55

Ch1  500mY Q Bw ch2 100V By M1 0rns SO0KSA: 2 Opsior

ch3 SOV By chd SV B hCh & dBY Output Current (A)
6-7. Start-Up Waveform -
= P 6-8. Efficiency vs Output Current
800 800
- 750
00 R S X el g ke byl
3 S — g
- <. 650
2 2 T
g g
8 600 g 600
w w
% é 550
= =
7] @»
500 500
— Vour = 1.05V 450 — Vour = 1.05V
— - Vour = 1.8V - Vour = 1.8V
-= Vour = 33V -= Vour = 33V
400 400
5 10 15 20 0 05 1 15 2 25 3 35 4 45 5 55
Input Voltage (V) Output Current (A)
B 6-9. Switching Frequency vs Input Voltage (lp = & 6-10. Switching Frequency vs Output Current
1A)
Tek  Stopped Single Sey 1 Aous Tek  Stopped Single Seq 1408
RGNS AR RS AR AAREN RAREN RRARS RAARS RAAN RSAGRAANNAARERARRS RARAN RARAS AR AR AR R
Vo =1.05V Vo =105V

Vo (10 mV/div ac coupled)

VN (50 mV/div ac coupled)

SW (5 Vidiv) Sl Wy 1

[ [ “
i I R il 1 Ir ki I -
PPN IS AT IS VAT SIS WS W SR e PN NI IS P P I P S S Ew
Ch1  100mV Q Bw Chz  S.0v B M 400ns GZSME 18nsit Ch1  S00mY¥ % Bw chz s B I 400ns BZSMSEs 1 Brsit
A ChZ o0V AChZ s S0V
6-11. Voltage Ripple at Outptut (Io = 5.5 A) 6-12. Voltage Ripple at Input (I = 5.5 A)
8 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TPS54525


https://www.tij.co.jp/product/jp/tps54525?qgpn=tps54525
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSLN5B&partnum=TPS54525
https://www.tij.co.jp/product/jp/tps54525?qgpn=tps54525

13 TEXAS

INSTRUMENTS TPS54525
www.tij.co.jp JAJSLNSB — MAY 2012 — REVISED APRIL 2021
6
N\
: A
W\
4 \
< N
(3 3
B
3
2
1
— Vour = 1.0-45V
—- Vour = 5.0V
Vn = 12V == Vour = 55V
0—50 -25 0 25 50 75 100
Ambient Temperature (°C)
6-13. Output Current vs Ambient Temperature

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 9

Product Folder Links: TPS54525


https://www.tij.co.jp
https://www.tij.co.jp/product/jp/tps54525?qgpn=tps54525
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSLN5B&partnum=TPS54525
https://www.tij.co.jp/product/jp/tps54525?qgpn=tps54525

13 TEXAS
INSTRUMENTS

www.tij.co.jp

TPS54525
JAJSLN5B — MAY 2012 — REVISED APRIL 2021

7 Detailed Description
7.1 Overview

The TPS54525 is a 5.5-A synchronous step-down (buck) converter with two integrated N-channel MOSFETSs. It
operates using D-CAP2™ mode control. The fast transient response of D-CAP2™ control reduces the output
capacitance required to meet a specific level of performance. Proprietary internal circuitry allows the use of low
ESR output capacitors including ceramic and special polymer types.

7.2 Functional Block Diagram

VO

o

-35% —{+

+25%——

Ref
Ss

;
i

M mmmmmmmm

po 19T
i 1
K

.|H [é

GND

VFB

VREG5

L

L]

o
@
z
o

—

[3]
S
4

FSJ;i
uF

-

Softstart

5] GND

Ref

-10%

VREG5

S

Q,%”:

—

1

i

1

VIN

4
VIN1
3

N

VBST
Ea ]

VIN

Y'Y

"<
3

L SWJ
1

E SW
10)

o PGND2

Ceramic ——
Capacitor |

51.PGND1

uv
VREG5 ;’ ov - Protection
uvLo¥  Logic
EN EN 9
0 7 TSD-P
Logic REF Rof

7.3 Feature Description

7.3.1 PWM Operation

The main control loop of the TPS54525 is an adaptive on-time pulse width modulation (PWM) controller that
supports a proprietary D-CAP2™ mode control. D-CAP2™ mode control combines constant on-time control with
an internal compensation circuit for pseudo-fixed frequency and low external component count configuration with
both low ESR and ceramic output capacitors. It is stable even with virtually no ripple at the output.

At the beginning of each cycle, the high-side MOSFET is turned on. This MOSFET is turned off after internal one
shot timer expires. This one shot is set by the converter input voltage, VIN, and the output voltage, VO, to
maintain a pseudo-fixed frequency over the input voltage range, hence it is called adaptive on-time control. The
one-shot timer is reset and the high-side MOSFET is turned on again when the feedback voltage falls below the
reference voltage. An internal ramp is added to reference voltage to simulate output ripple, eliminating the need
for ESR induced output ripple from D-CAP2™ mode control.
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7.3.2 PWM Frequency and Adaptive On-Time Control

TPS54525 uses an adaptive on-time control scheme and does not have a dedicated on board oscillator. The
TPS54525 runs with a pseudo-constant frequency of 650 kHz by using the input voltage and output voltage to
set the on-time one-shot timer. The on-time is inversely proportional to the input voltage and proportional to the
output voltage, therefore, when the duty ratio is VOUT/VIN, the frequency is constant.

7.3.3 Soft Start and Pre-Biased Soft Start

The soft start function is adjustable. When the EN pin becomes high, 6-pA current begins charging the capacitor
which is connected from the SS pin to GND. Smooth control of the output voltage is maintained during start up.
The equation for the slow start time is shown in = 1. VFB voltage is 0.765 V and SS pin source current is 6 pA.

(me) = CSS(nF)xVREFX1.1 ) CSS(nF)X0-765X1-1
59 Igg(hA) 6

(1)

The TPS54525 contains a unique circuit to prevent current from being pulled from the output during startup if the
output is pre-biased. When the soft-start commands a voltage higher than the pre-bias level (internal soft start
becomes greater than feedback voltage Vgg), the controller slowly activates synchronous rectification by starting
the first low side FET gate driver pulses with a narrow on-time. It then increments that on-time on a cycle-by-
cycle basis until it coincides with the time dictated by (1-D), where D is the duty cycle of the converter. This
scheme prevents the initial sinking of the pre-bias output, and ensure that the out voltage (VO) starts and ramps
up smoothly into regulation and the control loop is given time to transition from pre-biased start-up to normal
mode operation.

7.3.4 Power Good

The TPS54525 has power-good open drain output. The power good function is activated after soft start has
finished. The power good function becomes active after 1.7 times soft-start time. When the output voltage is
within -10% of the target value, internal comparators detect power good state and the power good signal
becomes high. Rpg resister value ,which is connected between PG and VREGS, is required from 25kQ to
150kQ. If the feedback voltage goes under 15% of the target value, the power good signal becomes low.

7.3.5 VREG5

VREGS is an internally generated voltage source used by the TPS54525. It is derived directly from the input
voltage and is nominally regulated to 5.5 V when the input voltage is above 5.6 V. The output of the VREG5
regulator is the input to the internal UVLO function. VREG5 must be above the UVLO wake up threshold voltage
(3.6 V typical) for the TPS54525 to function. Connect a 1 puF capacitor between pin 3 of the TPS54525 and
power ground for proper regulation of the VREG5 output. The VREGS5 output voltage is available for external
use. It is recommended to use no more than 5 mA for external loads. The VREGS5 output is disabled when the
TPS54525 EN pin is open or pulled low.

7.3.6 Output Discharge Control

TPS54525 discharges the output when EN is low, or the controller is turned off by the protection functions (OVP,
UVP, UVLO and thermal shutdown). The output is discharged by an internal 50-Q MOSFET which is connected
from VO to PGND. The internal low-side MOSFET is not turned on during the output discharge operation to
avoid the possibility of causing negative voltage at the output.

7.3.7 Current Protection

The output overcurrent protection (OCP) is implemented using a cycle-by-cycle valley detect control circuit. The
switch current is monitored by measuring the low-side FET switch voltage between the SW pin and GND. This
voltage is proportional to the switch current. To improve accuracy, the voltage sensing is temperature
compensated.

During the on time of the high-side FET switch, the switch current increases at a linear rate determined by V|,
Vout, the on-time and the output inductor value. During the on time of the low-side FET switch, this current
decreases linearly. The average value of the switch current is the load current Ioyt. If the measured voltage is
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above the voltage proportional to the current limit, Then , the device constantly monitors the low-side FET switch
voltage, which is proportional to the switch current, during the low-side on-time.

The converter maintains the low-side switch on until the measured voltage is below the voltage corresponding to
the current limit at which time the switching cycle is terminated and a new switching cycle begins. In subsequent
switching cycles, the on-time is set to a fixed value and the current is monitored in the same manner.

There are some important considerations for this type of overcurrent protection. The load current one half of the
peak-to-peak inductor current higher than the overcurrent threshold. Also when the current is being limited, the
output voltage tends to fall as the demanded load current may be higher than the current available from the
converter. This may cause the output undervoltage protection circuit to be activated. When the over current
condition is removed, the output voltage returns to the regulated value. This protection is non-latching.

7.3.8 Over/Under Voltage Protection

TPS54525 monitors a resistor divided feedback voltage to detect over and under voltage. When the feedback
voltage becomes higher than 125% of the target voltage, the OVP comparator output goes high and the circuit
latches as both the high-side and low-side MOSFET drivers turn off. When the feedback voltage becomes lower
than 65% of the target voltage, the UVP comparator output goes high and an internal UVP delay counter begins.
After 250 pus, the device latches off both internal top and bottom MOSFET. This function is enabled
approximately 1.7 x softstart time.

7.3.9 UVLO Protection

Undervoltage lock out protection (UVLO) monitors the voltage of the Vregs pin. When the Vregs voltage is lower
than UVLO threshold voltage, the TPS54525 is shut off. This is protection is non-latching.

7.3.10 Thermal Shutdown

TPS54525 monitors the temperature of itself. If the temperature exceeds the threshold value (typically 165°C),
the device is shut off. This is non-latch protection.

7.4 Device Functional Modes
7.4.1 Forced CCM Mode

The TPS54525 operates in Forced CCM (FCCM) mode, which keeps the converter operating in continuous
current mode during light-load conditions and allows the inductor current to become negative. During FCCM
mode, the switching frequency (FSW) is maintained at an almost constant level over the entire load range, which
is suitable for applications requiring tight control of the switching frequency and output voltage ripple at the cost
of lower efficiency under light load.”
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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. TI'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

8-1 shows a typical application for TPS54525 with 1.05-V output. This design converts an input voltage range
of 4.5V to 18 V down to 1.05 V with a maximum output current of 5.5 A.

8.2 Typical Application

VIN
4.5 to 18V

W)
1. 1.1
Tiouwr [1oer oo

14

||}—

13

1

vouT)
C4__ é R1
B 8

22.1 ki 8200pF
1 1

8.2.1 Design Requirements

2
4
7

A .25k R3
) @ﬂ
R2 c5

U1 L1 VOUT
TPS54525PWP —_ 1.05V,5.5A
VN2 swiH@ A fvou)
VINT  SW2 1; c6 o.1uF | 1-OUH CEL co
VO VBST| 6 I 22uF| 22uF
VFB PG PG) |
ss  VRees|S
EN  PGND1}E R4 100k . =
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GND

PGND2

4

PwPd c7
15 1.0uF

8-1. Schematic Diagram

For this design example, use the following input parameters:

# 8-1. Design Parameters

PARAMETER VALUE
Input voltage range 45V-18V
Output voltage 1.05V
Output current rating 0A-55A

Output voltage ripple

7 mVpp (12 Viy/ 5.5 A)

8.2.2 Detailed Design Procedure

8.2.2.1 Step By Step Design Procedure

To begin the design process, you must know a few application parameters:

* Input voltage range
* Output voltage

* Output current

» Output voltage ripple
* Input voltage ripple
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8.2.2.2 Output Voltage Resistors Selection

The output voltage is set with a resistor divider from the output node to the VFB pin. It is recommended to use
1% tolerance or better divider resistors. Start by using =\ 2 to calculate Voyr.

To improve efficiency at very light loads consider using larger value resistors, too high of resistance will be more
susceptible to noise and voltage errors from the VFB input current will be more noticeable.

R2
where VOUT _SET is target VOUT voltage @)

8.2.2.3 Output Filter Selection
The output filter used with the TPS54525 is an LC circuit. This LC filter has double pole at:

Vour =(0.7651-0.0011x VOUT _SET) x [1 + ﬂ]

1

F =
P27tL

our X Cour 3)

At low frequencies, the overall loop gain is set by the output set-point resistor divider network and the internal
gain of the TPS54525. The low frequency phase is 180 degrees. At the output filter pole frequency, the gain rolls
off at a -40 dB per decade rate and the phase drops rapidly. D-CAP2™ introduces a high frequency zero that
reduces the gain roll off to -20 dB per decade and increases the phase to 90 degrees one decade above the
zero frequency. The inductor and capacitor selected for the output filter must be selected so that the double pole
of I 3 is located below the high frequency zero but close enough that the phase boost provided be the high
frequency zero provides adequate phase margin for a stable circuit. To meet this requirement use the values
recommended in & 8-2

# 8-2. Recommended Component Values

Output Voltage (V) R1 (kQ) R2 (kQ) C4 (pF)(" L1 (uH) C8 + C9 (uF)

1 6.81 221 1.0-1.5 22 -68
1.05 8.25 221 1.0-1.5 22 -68
1.2 12.7 221 1.0-15 22 -68
1.5 215 22.1 1.5 22-68
1.8 30.1 221 5-22 1.5 22 -68
25 49.9 22.1 5-22 22 22 -68
3.3 73.2 221 5-22 22 22 -68

5 124 221 5-22 3.3 22-68

(1) Optional

For higher output voltages at or above 1.8 V, additional phase boost can be achieved by adding a feed forward
capacitor (C4) in parallel with R1.

Since the DC gain is dependent on the output voltage, the required inductor value will increase as the output
voltage increases. For higher output voltages at or above 1.8 V, additional phase boost can be achieved by
adding a feed forward capacitor (C4) in parallel with R1

The inductor peak-to-peak ripple current, peak current and RMS current are calculated using =\ 4, z( 5 and ={ 6.
The inductor saturation current rating must be greater than the calculated peak current and the RMS or heating
current rating must be greater than the calculated RMS current. Use 650 kHz for fgy.

Use 650 kHz for fgyy. Make sure the chosen inductor is rated for the peak current of = 5 and the RMS current of
7 6.
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Ilp -p= our_ o V/N (max) ~ VOUT
V[N (max) L() .,}(SW (4)
llp -
[lpeak = IO + p p
2 ®)

Ir)l‘:vlz+1_ll'2
Lo(RMS) 0 12 p-p ©)

For this design example, the calculated peak current is 6.01 A and the calculated RMS current is 5.5 A. The
inductor used is a TDK SPM6530-1R5M100 with a peak current rating of 11.5 A and an RMS current rating of 11
A.

The capacitor value and ESR determines the amount of output voltage ripple. The TPS54525 is intended for use
with ceramic or other low ESR capacitors. Recommended values range from 22uF to 68uF. Use . 7 to
determine the required RMS current rating for the output capacitor.

] _ V()L'T ° (VM - V()UT)
CO(RMS) \/ﬁ . V/\ ° Lo . féw o

For this design two TDK C3216X5R0J226M 22uF output capacitors are used. The typical ESR is 2 mQ each.
The calculated RMS current is 0.284 A and each output capacitor is rated for 4A.

8.2.2.4 Input Capacitor Selection

The TPS54525 requires an input decoupling capacitor and a bulk capacitor is needed depending on the
application. A ceramic capacitor over 10 pF is recommended for the decoupling capacitor. An additional 0.1 pF
capacitor from pin 14 to ground is recommended to improve the EMI performance. The capacitor voltage rating
needs to be greater than the maximum input voltage.

8.2.2.5 Bootstrap Capacitor Selection

A 0.1 yF ceramic capacitor must be connected between the VBST to SW pin for proper operation. It is
recommended to use a ceramic capacitor.

8.2.2.6 VREGS5 Capacitor Selection

A 1.0 yF ceramic capacitor must be connected between the VREG5 to GND pin for proper operation. It is
recommended to use a ceramic capacitor.
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8.2.3 Application Curves
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9 Power Supply Recommendations

The device is designed to operate from an input voltage supply range between 4.5V and 18 V. This input supply
should be well regulated. If the input supply is located more than a few inches from the TPS54525 converter
additional bulk capacitance may be required in addition to the ceramic bypass capacitors. An electrolytic
capacitor with a value of 100 uF is a typical choice.
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10 Layout

10.1 Layout Guidelines

Keep the input switching current loop as small as possible.

Keep the SW node as physically small and short as possible to minimize parasitic capacitance and
inductance and to minimize radiated emissions. Kelvin connections should be brought from the output to the
feedback pin of the device.

Keep analog and non-switching components away from switching components.

Make a single point connection from the signal ground to power ground.

Do not allow switching current to flow under the device.

VREGS capacitor should be placed near the device, and connected PGND.

Output capacitor should be connected to a broad pattern of the PGND.

Voltage feedback loop should be as short as possible, and preferably with ground shield.

Lower resistor of the voltage divider which is connected to the VFB pin should be tied to SGND.

Providing sufficient via is preferable for VIN, SW and PGND connection.

PCB pattern for VIN and SW should be as broad as possible.

VIN Capacitor should be placed as near as possible to the device.

The top side power ground (PGND) copper fill area near the IC should be as large as possible. This will aid in
thermal dissipation as well lower conduction losses in the ground return

Exposed pad of device must be connected to PGND with solder. The PGND area under the IC should be as
large as possible and completely cover the exposed thermal pad. The bottom side of the board should
contain a large copper area under the device that is directly connected to the exposed area with small
diameter vias. Small diameter vias will prevent solder from being drawn away from the exposed thermal pad.
Any additional internal layers should also contain copper ground areas under the device and be connected to
the thermal vias.
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10.2 Layout Guidelines
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10-1. PCB Layout

10.2.1 Thermal Considerations

This PowerPad™ package incorporates an exposed thermal pad that is designed to be directly to an external
heartsick. The thermal pad must be soldered directly to the printed board (PCB). After soldering, the PCB can be
used as a heartsick. In addition, through the use of thermal vias, the thermal pad can be attached directly to the
appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be attached to a
special heartsick structure designed into the PCB. This design optimizes the heat transfer from the integrated
circuit (IC).

For additional information on the PowerPAD™ package and how to use the advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD™ Thermally Enhanced Package, Texas Instruments Literature No.
SLMAO0O02 and Application Brief, PowerPAD™ Made Easy, Texas Instruments Literature No. SLMAQ04.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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11 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.

11.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.
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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 ©)
@ )

TPS54525PWP Active Production HTSSOP (PWP) | 14 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 PS54525
TPS54525PWP.B Active Production HTSSOP (PWP) | 14 90 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 PS54525
TPS54525PWPR Active Production HTSSOP (PWP) | 14 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 PS54525

TPS54525PWPR.B Active Production HTSSOP (PWP) | 14 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 PS54525
TPS54525PWPRG4 Active Production HTSSOP (PWP) | 14 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 PS54525
TPS54525PWPRG4.B Active Production HTSSOP (PWP) | 14 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 PS54525

@ 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 Tl 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.

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. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS54525PWPR HTSSOP| PWP 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TPS54525PWPRG4 HTSSOP| PWP 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS54525PWPR HTSSOP PWP 14 2000 353.0 353.0 32.0
TPS54525PWPRG4 HTSSOP PWP 14 2000 353.0 353.0 32.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TPS54525PWP PWP HTSSOP 14 90 530 10.2 3600 35
TPS54525PWP.B PWP HTSSOP 14 90 530 10.2 3600 35
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GENERIC PACKAGE VIEW
PWP 14 PowerPAD TSSOP - 1.2 mm max height

4.4 x 5.0, 0.65 mm pitch PLASTIC SMALL OUTLINE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224995/A
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PACKAGE OUTLINE
PWP0014K PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE
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1 14 DETAIL A
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2.6
1.9
4229706/B 12/2023
NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. Reference JEDEC registration MO-153.

. Features may differ or may not be present.

(G20 w N
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EXAMPLE BOARD LAYOUT
PWP0014K PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(34
NOTE 9
(2.6)
14X (1.5) SYMM METAL COVERED
¢ BY SOLDER MASK
+ | | ! / 14 —@12)TYP
14X (0.45) 1 { } ! PN ‘
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i ® ; NOTE 9
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12X (0.65) !
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©
@o2yTYP | | 1 |
VIA (1.1) TYP SEE DETAILS
SOLDER MASK
DEFINED PAD (5.8)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 12X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING‘\ SOLDER MASK\ /  OPENING

EXPOSED METAL

05 ax ]

ALL AROUND

NON-SOLDER MASK
DEFINED

SOLDER MASK DETAILS

0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED
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NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.

10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged

or tented.
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EXAMPLE STENCIL DESIGN

PWP0014K PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(2.6)
BASED ON
0.125 THICK
STENCIL

14X (1.5) —ﬁ

14X (o 4) 1

METAL COVERED
/BY SOLDER MASK
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0.125 THICK
! . ‘ STENCIL

:

|

ﬂ

i

RS VA VN | W Ak

SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 12X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 2.91 X 2.90

0.125 2.60 X 2.59 (SHOWN)
0.15 2.37 X 2.36
0.175 2.20 X 2.19

4229706/B 12/2023

NOTES: (continued)

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

design recommendations.

12. Board assembly site may have different recommendations for stencil design.
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