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5 Device Comparison Table

PART

NUMBER DESCRIPTION COMMENTS

4.5 10 18V, triple buck with
TPS65261/-1 |input voltage power failure
indicator

Triple buck 3-A/2-A/2-A output current, features an open-drain RESET signal to monitor
input power failure, automatic power sequencing

TPS65262 4.5 10 18 V, triple buck with Triple buck 3-A/1-A/1-A output current, automatic power sequencing. Dual LDOs 200
dual adjustable LDOs mA/100 mA

4.5t0 18V, triple buck with 12C
interface

TPS65263 Triple buck 3-A/2-A/2-A output current, I2C controlled dynamic voltage scaling (DVS)

4.5 10 18 V, triple buck with Triple buck 3-A/2-A/2-A output current, up to 2.1-A USB power with overcurrent setting by
TPS65287 |power switch and push button | external resistor, push-button control for intelligent system power-on and power-off

control operation
TPS65288 4.5 10 18 V, triple buck with Triple buck 3-A/2-A/2-A output current, two USB power switches current limiting at typical
dual power switches 1.2A (0.8, 1.0, 1.4, 1.6, 1.8, 2.0, and 2.2 A available with manufacture trim options)
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6 Pin Configuration and Functions
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(There is no electric signal down bonded to thermal pad inside IC. Exposed thermal pad must be soldered to PCB for optimal thermal
performance.)

6-1. RHB Package 32 Pins (Top View)

R 6-1. Pin Functions

PIN
DESCRIPTION
NAME NO.

LVIN2 1 Input power supply for LDO2. Connect LVIN2 pin as close as possible to the (+) terminal of an input ceramic capacitor
(suggest 1 pF).

LOUT2 2 LDO2 output. Connect LOUT2 pin as close as possible to the (+) terminal of an output ceramic capacitor (suggest
1 pF).

LFB2 3 Feedback Kelvin sensing pin for LDO2 output voltage. Connect this pin to LDO2 resistor divider.

LEN2 4 Enable for LDO2. Float to enable.
An open-drain output, asserts low if the output voltage of any buck is beyond regulation range due to thermal shutdown,

PGOOD 5
overcurrent, undervoltage, or ENx shut down.

MODE 6 When high, an automatic power-up or power-down sequence is provided according to the states of EN1, EN2, and EN3
pins.

FB2 7 Feedback Kelvin sensing pin for buck2 output voltage. Connect this pin to buck2 resistor divider.

EN2 8 Enable for buck2. Float to enable. Can use this pin to adjust the input undervoltage lockout of buck2 with a resistor
divider.

BST?2 9 Boot-strapped supply to the high-side floating gate driver in buck2. Connect a capacitor (recommend 47 nF) from BST2
pin to LX2 pin.
Switching node connection to the inductor and bootstrap capacitor for buck2. The voltage swing at this pin is from a

LX2 10 )
diode voltage below the ground up to VIN2 voltage.
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# 6-1. Pin Functions (continued)

PIN
DESCRIPTION
NAME NO.

PGND2 1 Power ground connection of buck2. Connect PGND2 pin as close as possible to the (-) terminal of VIN2 input ceramic
capacitor.

VIN2 12 Input power supply for buck2. Connect VIN2 pin as close as possible to the (+) terminal of an input ceramic capacitor
(suggest 10 pF).

VIN3 13 Input power supply for buck3. Connect VIN3 pin as close as possible to the (+) terminal of an input ceramic capacitor
(suggest 10 pF).

PGND3 14 Power ground connection of buck3. Connect PGND3 pin as close as possible to the (-) terminal of VIN3 input ceramic
capacitor.
Switching node connection to the inductor and bootstrap capacitor for buck3. The voltage swing at this pin is from a

LX3 15 .
diode voltage below the ground up to VIN3 voltage.

BST3 16 Boot-strapped supply to the high-side floating gate driver in buck3. Connect a capacitor (recommend 47 nF) from BST3
pin to LX3 pin.

EN3 17 Enable for buck3. Float to enable. Can use this pin to adjust the input undervoltage lockout of buck3 with a resistor
divider.

FB3 18 |Feedback Kelvin sensing pin for buck3 output voltage. Connect this pin to buck3 resistor divider.
Analog ground common to buck controllers and other analog circuits. It must be routed separately from high-current

AGND 19 ) . g
power grounds to the (—) terminal of the bypass capacitor of input voltage VIN.

V7V 20 |Internal LDO for gate driver and internal controller. Connect a 10-uF capacitor from the pin to power ground.
Error amplifier output and loop compensation pin for buck1. Connect a series resistor and capacitor to compensate the

COMP1 21 .
control loop of buck1 with peak current PWM mode.

SS1 29 Soft-start and tracking input for buck1. An internal 5-pA pullup current source is connected to this pin. The soft-start time
can be programmed by connecting a capacitor between this pin and ground.

FB1 23 |Feedback Kelvin sensing pin for buck1 output voltage. Connect this pin to buck1 resistor divider.

EN1 o4 Enable for buck1. Float to enable. Can use this pin to adjust the input undervoltage lockout of buck1 with a resistor
divider.

BST1 25 Boot-strapped supply to the high side floating gate driver in buck1. Connect a capacitor (recommend 47 nF) from BST1
pin to LX1 pin.
Switching node connection to the inductor and bootstrap capacitor for buck1. The voltage swing at this pin is from a

LX1 26 .
diode voltage below the ground up to VIN1 voltage.

PGND1 27 Power ground connection of Buck1. Connect PGND1 pin as close as possible to the (-) terminal of VIN1 input ceramic
capacitor.

VINA 28 Input power supply for buck1. Connect VIN1 pin as close as possible to the (+) terminal of an input ceramic capacitor
(suggest 10 pF).

LEN1 29 |Enable for LDO1. Float to enable.

LFB1 30 |Feedback Kelvin sensing pin for LDO1 output voltage. Connect this pin to LDO1 resistor divider.

LOUTA 31 LDO1 output. Connect LOUT1 pin as close as possible to the (+) terminal of an output ceramic capacitor (suggest
1 F).

LVINT 32 Input power supply for LDO1. Connect LVIN1 pin as close as possible to the (+) terminal of an input ceramic capacitor
(suggest 1 pF).

PAD __ | There is no electric signal down bonded to thermal pad inside IC. Exposed thermal pad must be soldered to PCB for
optimal thermal performance.
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7 Specifications
7.1 Absolute Maximum Ratings

over operating free-air temperature (unless otherwise noted) (1)

MIN MAX UNIT
VIN1, VIN2, VIN3 -0.3 20
LX1, LX2, LX3 (maximum withstand voltage transient <20 ns) -1 20
BST1, BST2, BST3 referenced to LX1, LX2, LX3 pins respectively -0.3 7
Voltage MODE, LEN1, LEN2, EN1, EN2, EN3, PGOOD, V7V -0.3 7 V
LOUT1, LOUT2, LVIN1, LVIN2 -0.3
FB1, FB2, FB3, LFB1, LFB2, COMP1, SS1 -0.3 3.6
AGND, PGND1, PGND2, PGND3 -0.3 0.3
T, Operating junction temperature -40 125 °C
Tstg Storage temperature range -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.

7.2 ESD Ratings

MIN MAX UNIT

Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") —2000 {2000
V sp) Electrostatic discharge Charged device model (CDM), per JEDEC specification JESD22- 500|500 v
C101, all pins®@

(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.

7.3 Recommended Operating Conditions

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

MIN MAX| UNIT

VIN1, VIN2, VIN3 45 18
LX1, LX2, LX3 (maximum withstand voltage transient <20 ns) -0.8 18
BST1, BST2, BST3 referenced to LX1, LX2, LX3 pins respectively -0.1 6.8

Voltage MODE, LEN1, LEN2, EN1, EN2, EN3, PGOOD, V7V -0.1 6.3 v
FB1, FB2, FB3, LFB1, LFB2, COMP1, SS1 -0.1 3
LOUT1, LOUT2, LVIN1, LVIN2 -0.1 55

Ta Operating ambient temperature -40 85| °C

T, Operating junction temperature -40 125 °C
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7.4 Thermal Information

TPS65262-1
THERMAL METRIC() UNIT
RHB (32 PINS)

Rgya Junction-to-ambient thermal resistance 32.0
ReJcitop) Junction-to-case (top) thermal resistance 24.2
Ress Junction-to-board thermal resistance 6.4 oW
Wyt Junction-to-top characterization parameter 0.2
Wis Junction-to-board characterization parameter 6.4
Rauc(bot) Junction-to-case (bottom) thermal resistance 1.3

(1)  For more information about traditional and new thermal metrics, see the /IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics
Ta=25°C, Viy =12V, Fgyw = 600 kHz (unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN \ TYP‘ MAX‘ UNIT
INPUT SUPPLY VOLTAGE
VIN Input voltage range 4.5 18 \Y
VIN rising 4 4.25 4.5 \
UVLO VIN undervoltage lockout VIN falling 3.5 3.75 4 \Y
Hysteresis 500 mV
IDDgpn Shutdown supply current EN1=EN2=EN3 =MODE =LEN1=LEN2=0V 12 HA
EN1=EN2=EN3=5V,FB1=FB2=FB3=0.8V,LEN1=
IDDQ_NSW LEN2 = 0 790 [JA
IDDQ nswi Input quiescent current without buck1, |EN1 =5V, EN2=EN3=0V, FB1=0.8V, LEN1 =LEN2=0 340 pA
— buck2, buck3 switching
IDDq_nsw2 EN2=5V,EN1=EN3=0V,FB2=0.8V,LEN1=LEN2=0 370 HA
IDDq_nsw3 EN3=5V,EN1=EN2=0V,FB3=0.8V,LEN1=LEN2=0 370 HA
IDDq_tpo1 EN1=EN2=EN3=LEN2=0V,LFB1=0.8V,LEN1=5V 190 HA
t———————— LDO input quiescent current
IDDq_Lpo2 EN1=EN2=EN3=LEN1=0V,LFB2=0.8V,LEN2=5V 190 HA
Vv V7V LDO output voltage V7y load current = 0 A 6 6.3 6.6 \%
locp_vrv V7V LDO current limit 175 mA
FEEDBACK VOLTAGE REFERENCE
Veomp = 1.2V, Ty =25°C 0.595 0.6 0.605 \Y
Ve Feedback voltage
Vcomp = 1.2V, Ty =-40°C to 125°C 0.594 0.6 0.606 \
VLINEREG_BUCK Line regulation-DC(” IOUT1 =1.5A, IOUT2 =1A, lOUT3 =1A,5V<VINx<18V 0.002 %IV
VLOADREG_BUCK Load regulation-DC“) VIN=12V, IOUTX = (10—100%) x IOUTX_maX 0.02 %IA

BUCK1, BUCK2, BUCK3
EN1, EN2, EN3 high-level input

VENXH voltage 12 126 V
VENXL EN1, EN2, EN3 low-level input voltage 1.1 1.15 \
ENx =1V 3.6
lenx EN1, EN2, EN3 pullup current ENx= 15V o6 uA
IENnys Hysteresis current 3 A
Iss1 Buck1 soft-start charging current 4.3 5 6 pA
Tss23 Buck?2, buck3 soft-start time 1 ms
Ton_mIN Minimum on time 80 100 ns
Gm_EA1/2/3 Error amplifier trans-conductance —2 JA < ICOMPX < 2 pA 300 us
Grn_psi3 ((1:)OMP voltage to inductor current G, ILX=05A 74 AN
ILmim Buck1 peak inductor current limit 4.4 5.1 6.06 A
ILIMITSOURCE1 Buck1 low-side source current limit 4.4 A
lLmiTs1 Buck1 low-side sink current limit 13 A
ILmiT23 Erz::tkz buck3 peak inductor current 18 24 3 A
ILIMITSOURCES I?:]T:tKZ buck3 low-side source current 175 A
Lo Er:?tkz buck3 low-side sink current 1 A
Thicoup_wait OC wait time(™ 05 ms
Thicoup_re Hiccup time before restart(!) 14 ms
Rdson_HS1 Buck1 high-side switch resistance VIN1 =12V 100 mQ
Rdson_LS1 Buck1 low-side switch resistance VIN1 =12V 65 mQ
Rdson_HS2 Buck2 high-side switch resistance VIN1 =12V 195 mQ
Rdson_LS2 Buck?2 low-side switch resistance VIN1 =12V 145 mQ
Rdson_HS3 Buck3 high-side switch resistance VIN1 =12V 195 mQ
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7.5 Electrical Characteristics (continued)
Ta=25°C, V|y=12V, Fgyw = 600 kHz (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN‘ TYP‘ MAX

UNIT

Rdson_LS3 Buck3 low-side switch resistance

VIN1 =12V

145

mQ
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7.5 Electrical Characteristics (continued)
Ta=25°C, V|y=12V, Fgyw = 600 kHz (unless otherwise noted)

PARAMETER \ TEST CONDITIONS | miN[ TYP| max| UNT
POWER GOOD, MODE, POWER SEQUENCE
FBx undervoltage falling 92.5
FBx undervoltage rising 95
Vin PG Feedback voltage threshold %V REF
- FBx overvoltage rising 107.5
FBx overvoltage falling 105
ToecLitcHpPe) F  PGOOD falling edge deglitch time 0.19 ms
TroecLiTcHPG) R PGOOD rising edge deglitch time 1 ms
lpg PGOOD pin leakage 0.05 HA
Viow PG PGOOD pin low voltage Isink = 1 mA 0.4 \Y
VMODEH MODE high-level input voltage 1.2 1.26 \
VMODEL MODE low-level input voltage 1.1 1.15 \
MODE =1V 3.6
ImopE MODE pullup current MODE=15V o6 MA
Tpsdelay gtftlg%gtr:::epz?/yg? :;]qzﬁfineg mode(") MODE = 1.5V 7 ms
LDO1 AND LDO2
VL ENXH LEN1, LEN2 high-level input voltage 1.2 1.26 \%
VI ENXL LEN1, LEN2 low-level input voltage 1.1 1.15 \%
ILENX LEN1, LEN2 pullup current LERX =TV 3 pA
LENXx =15V 6.6
VIN_po1 LDO input voltage range 1.3 5.5 \
VOUT | po1 LDO output voltage range Load current = 350 mA 1 \Y
V| poFs1 LDO voltage reference Load current = 10 mA 0.594 0.6 0.606 \%
Imax_LDO1 LDO current limit 350 455 540 mA
Vdropout1 LDO dropout voltage lour =20 mA 2 mv
lout = 350 mA 400 mvV
Vineres tpor DO line regulation-DC(!) Jour fc:{:n\éé lour = 10 0.002 %V
Vioabrec oot LDO load regulation-DC(") lout = 1t0 350 mA, LVIN1 =5V 0.2 %IA
PSRRpo1 Ripple rejection(!) LVIN1 =5V, Vout = 1.8V, loyt = 10 mA, f = 10 kHz 56 dB
VINLpo2 LDO input voltage range 1.3 55 \Y
VOUT | po2 LDO output voltage range Load current = 150 mA 1 \%
ViDporB2 LDO voltage reference Load current = 10 mA 0.594 0.6 0.606 \%
Imax_LDO2 LDO current limit 170 220 290 mA
lout = 10 mA 12
Vdropout2 LDO dropout voltage(") mV
lout = 150 mA 250
Vineres tpoz DO line regulation-DC(!) \L’S;J,\}2=CL'38”\;3 lour= 10 M 0.002 %IV
VioabReG o2 LDO load regulation-DC(") loutr = 1t0 150 mA, LVIN2 =5V 0.2 %IA
PSRR | po2 Ripple rejection(!) LVIN2 =5V, Vout =1.8V, lgyr = 10 mA, f = 10 kHz 56 dB
OSCILLATOR
Fsw Switching frequency 570 600 630| kHz
THERMAL PROTECTION
TR o Thermal protection trip point(") Temperature rising 100 °
ThysT otP Hysteresis 20 °C
(1) Lab validation result
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7.6 Typical Characteristics
TA =25°C,VIN=12V, VOUT1= 1.2V, VOUT2= 1.8V, VOUT3= 3.3V FSW =600 kHz (unless otherwise noted)

100% 100%
Y = 90%
Zgj T o I =
o | | s
° / //—’—_ ° —
70% 70%
2 60% 2 60%
) 2y
c 50% c 50%
ko] ko)
;“% 40% 3% 40%
w w
O, 0,
30% ——vouT12V 30% ——VOUT 1.8V
[
20% ——VOUT 3.3V 20% ——VOUT 3.3V
10% 10%
VOUT 5V VOUT 5V
0% 0%
0.01 0.10 1.00 0.01 0.10 1.00
Output Load (A) Output Load (A)
7-1. BUCK1 Efficiency 7-2. BUCK2 Efficiency
1.220 1.820
1.215 1.815
1210 o 1810
2 2
o 1.205 o 1.805
2N — | £ a0 |
E 1.200 §> 1.800
3 1.195 3 1.795
3 3
1.190 1.790
1.185 —VINSV 1785 ——VIN5V
—VIN12V —VIN12V
1.180 1.780
0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 0.2 0.4 0.6 0.8 1.0
Output Load (A) Output Load (A)
7-3. BUCK1, Load Regulation 7-4. BUCK2, Load Regulation
3.33 1.208
1.206
3.32
= _1.204
S S
< 3.31 <
e 3 \\ e 1.202
© ©
g 3.30 g 1.200 | —
3 3 1.198
8 3.29 8
1.196 ——IOUT 0.1 A
2 e .
3.28 VIN5V 1194 IOUT1.5A
——VIN12V IOUT3A
3.27 1.192
0.0 0.2 0.4 0.6 0.8 1.0 4 6 8 10 12 14 16 18
Output Load (A) Input Voltage (V)
7-5. BUCK3, Load Regulation 7-6. BUCK1, Line Regulation
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7.6 Typical Characteristics (continued)
TA =25°C,VIN=12V, VOUT1= 1.2V, VOUT2= 1.8V, VOUT3= 3.3V FSW =600 kHz (unless otherwise noted)

1.808 3.320
1.806 3.315
__1.804 3310
2 2
o 1.802 o 3.305
& - & \
S 1.800 S 3.300 |f——=
2 1.798 2 3.295
3 3
1.796 ——IOUTO0.1 A 3.290 ——I0UT 0.1 A
1.794 ——IOUT0.5A 3.285 —IOUT0.5A
IOUT 1 A IOUT 1A
1.792 3.280
4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
Input Voltage (V) Input Voltage (V)
7-7. BUCK2, Line Regulation 7-8. BUCKS3, Line Regulation
1.82 1.82
1.8 1.8
2 &
(0] (0]
j=)] (=]
£ £
9 1.80 ° 1.80
5 5
g 2
3 3
1.79 1.79
1.78 1.78
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.00 0.03 0.06 0.09 0.12 0.15
Output Load (A) Output Load (A)
7-9. LDO1, Load Regulation 7-10. LDO2, Load Regulation
1.82 1.82
1.8 181
2 2
[ [
(=2} (=]
8 £
S 1.80 o 1.80
=] =]
g g
pu} >
[¢) 0]
1.79 1.79
1.78 1.78
2.0 2.5 3.0 3.5 4.0 4.5 5.0 55 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
Input Voltage (V) Input Voltage (V)
7-11. LDO1, Line Regulation 7-12. LDO2, Line Regulation
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7.6 Typical Characteristics (continued)

TA =25°C,VIN=12V, VOUT1= 1.2V, VOUT2= 1.8V, VOUT3= 3.3V FSW =600 kHz (unless otherwise noted)

Voltage Reference (V)

0.606

0.604

0.602

0.600

0.598

0.596

0.594
-50 -30 -10 10 30 50 70 90 110 130

Junction Temperature (°C)

7-13. Voltage Reference vs Temperature

640

(2]
N
o

[$)]
©
o

Oscillator Fequency (kHz)
D
o
o

560
-50 -30 -10 10 30 50 70 90 110 130

Junction Temperature (°C)

7-14. Oscillator Frequency vs Temperature

_
(o)

—
o

pd

—-
IS

—_
N

—_
o

oo

Shutdown Quiescent Current (uA)

6

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

7-15. Shutdown Quiescent Current vs Temperature

4.8

»
S

@
o

EN Pin On Pullup (uA)

W
o

2.4

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

7-16. EN Pin Pullup Current vs Temperature, EN=1V

7.8

N
[N

I
o

EN Pin On Pullup (uA)

Iid
o

5.4
-50 -30 -10 10 30 50 70 90 110 130

Junction Temperature (°C)
7-17. EN Pin Pullup Current vs Temperature, EN=1.5V

1.28

-
()
=

—_
-
[}

Pin Threshold Raising (V)
R
S

1.12

-50 -30 -10 10 30 50 70 90 110 130

Junction Temperature (°C)
7-18. EN Pin Threshold Rising vs Temperature
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7.6 Typical Characteristics (continued)

TA =25°C,VIN=12V, VOUT1= 1.2V, VOUT2= 1.8V, VOUT3= 3.3V FSW =600 kHz (unless otherwise noted)

1.23

-
.
©

—_
-
—y

Pin Threshold Falling (V)
o

1.07

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

7-19. EN Pin Threshold Falling vs Temperature

5.8

o
I

»
o

Soft Start Current (mA)
(¢
o

4.2
-50 -30 -10 10 30 50 70 90 110 130

Junction Temperature (°C)

7-20. SS Pin Charge Current vs Temperature

5.5

5.3

5.1

4.9

High Side Current Limit (A)

4.7

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

7-21. Buck1 High-Side Current Limit vs Temperature

2.8

<

= 26

E

-

E e ———

o

S 2.4 —

[0}

ke

]

522

T buck2

buck3

2.0

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

7-22. Buck2, 3 High-Side Current Limit vs Temperature

530

I
©
o

|
l

IS
=
o

LDO Current Limit (mA)

370
-50 -30 -10 10 30 50 70 90 110 130

Junction Temperature (°C)
7-23. LDO Current Limit vs Temperature

260

n
N
o

n
N
o

n
o
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LDO Current Limit (mA)

180
-50 -30 -10 10 30 50 70 90 110 130

Junction Temperature (°C)
7-24. LDO2 Current Limit vs Temperature
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8 Detailed Description
8.1 Overview

The TPS65262-1 is a monolithic, triple-synchronous step-down (buck) converter with 3-A/1-A/1-A output
currents. A wide 4.5- to 18-V input supply voltage range encompasses most intermediate bus voltages operating
off 5-V, 9-V, 12-V, or 15-V power bus. The feedback voltage reference for each buck is 0.6 V. Each buck is
independent with dedicated enable, soft-start, and loop compensation.

The TPS65262-1 implements a constant frequency, peak current mode control that simplifies external loop
compensation. The switching frequency is fixed 600 kHz. The switching clock of buck1 is 180° out-of-phase
operation from the clocks of buck2 and buck3 channels to reduce input current ripple, input capacitor size, and
power-supply-induced noise.

The TPS65262-1 is designed for safe monotonic startup into prebiased loads. The default start up is when VIN is
typically 4.25 V. The ENx pin can also be used to adjust the input voltage undervoltage lockout (UVLO) with an
external resistor divider. In addition, the ENx pin has an internal 3.6-pA current source, so the EN pin can be
floating for automatically powering up the converters.

The TPS65262-1 reduces the external component count by integrating the bootstrap circuit. The bias voltage for
the integrated high-side MOSFET is supplied by a capacitor between the BST and LX pins. A UVLO circuit
monitors the bootstrap capacitor voltage VBST-VLX in each buck. When VBST-VLX voltage drops to the
threshold, LX pin is pulled low to recharge the bootstrap capacitor. The TPS65262-1 can operate at 100% duty
cycle as long as the bootstrap capacitor voltage is higher than the BOOT-LX UVLO threshold, which is typically
21V

The TPS65262-1 features a PGOOD pin to supervise each output voltage of buck converters. The TPS65262-1
has power good comparators with hysteresis, which monitor the output voltages through feedback voltages.
When all bucks are in regulation range and power sequence is done, PGOOD is asserted to high.

The SS (soft-start/tracking) pin is used to minimize inrush currents during power-up. A small-value capacitor or
resistor divider is coupled to the pin for soft-start or voltage tracking.

At light loading, TPS65262-1 automatically operates in PSM to save power.

The TPS65262-1 integrates low dropout voltage linear regulators (LDO) with input voltage from 1.3 to 5.5V,
independent enable, and adjustable outputs, up to 350 mA for LDO1 and 150 mA for LDO2 continuous output
current.

The TPS65262-1 is protected from overload and overtemperature fault conditions. The converter minimizes
excessive output overvoltage transients by taking advantage of the power good comparator. When the output is
more than 107.5% of the 0.6-V reference voltage, the high-side MOSFET is turned off until the internal feedback
voltage is lower than 105% of the 0.6-V reference voltage. The TPS65262-1 implements both high-side
MOSFET overload protection and bidirectional low-side MOSFET overload protections to avoid inductor current
runaway. If the overcurrent condition lasts for more than the OC wait time (0.5 ms), the converter shuts down
and restarts after the hiccup time (14 ms). The TPS65262-1 shuts down if the junction temperature is higher than
thermal shutdown trip point 160°C. When the junction temperature drops 20°C (typical) below the thermal
shutdown trip point, the TPS65262-1 is restarted under control of the soft-start circuit automatically.
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8.2 Functional Block Diagram

CLk2
0SC-600-kH =
Phase Shift K3 I
CLK1 " V7V
< VIN2 T
v7v VIN VIN
< § V7V LDO v3v en_buck2— enable BST2
Bias — - BUCK2  BST
LX2 R
MOoDE — ™ T T
ok _ PGND PGND2_,
V7V I 1
FB2 1
VIN enable k— en_buckt -
BST -
BUCK1 I
X L MoDE clk3 v
i VIN VIN3 T VIN
PGND
Comp en_buck3—3 enable BST3
BUCK3 BST
= ss vib
LX: .
MODE — LX 3 T T
o PGND PGNDS_y, I
FB3 =
o [EEE 1
FB2
| EB2.
Good LVIN1
FB3 LVIN I ERY/Y]
en_ldoi—j enable | pO{  LOUT Lout T
FB LFB1 I
I———> en_buckt
EN1(EN2, EN3) =
ylate L en bucke I
achine
—— en_buck3 . N2 T VIN
> en_ldot I
en_ldo2— enable | pO2  LOUT Loutz
LEN1(LEN2) > en_ldo2 e
FB LFB2 I
oT Over =
AGND Temp

8.3 Feature Description
8.3.1 Adjusting the Output Voltage

The output voltage of each buck is set with a resistor divider from the output of buck to the FB pin. Tl
recommends to use 1% tolerance, or better, divider resistors.

Vout

R1 %
FB

j
R2 % 06V L

COMP

(|
L1

g 8-1. Voltage Divider Circuit
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0.6
R, =Rjx————
Vout —0-6 ™)

To improve efficiency at light loads, consider using larger value resistors. If the values are too high, the regulator
is more sensitive to noise. 3% 8-1 shows the recommended resistor values.

# 8-1. Output Resistor Divider Selection

Output Voltage R1 R2
(V) (kQ) (kQ)
1 10 15
1.2 10 10
1.5 15 10
1.8 20 10
2.5 31.6 10
3.3 45.3 10
3.3 22.6 4.99
73.2 10
36.5 4.99

8.3.2 Enable and Adjusting UVLO

The EN1, EN2, and EN3 pins provide electrical on and off control of the device. When the EN1, EN2, and EN3
pins' voltage exceeds the threshold voltage, the device starts operation. If each ENx pin voltage is pulled below
the threshold voltage, the regulator stops switching and enters low I, state.

The EN pin has an internal pullup current source, allowing the user to float the EN pin for enabling the device. If
an application requires controlling the EN pin, use open-drain or open-collector output logic to interface with the

pin.

The device implements internal UVLO circuitry on the VIN pin. The device is disabled when the VIN pin voltage
falls below the internal VIN UVLO threshold. The internal VIN UVLO threshold has a hysteresis of 500 mV. If an
application requires a higher UVLO threshold on the VIN pin, then the ENx pin can be configured as shown in
8-2. When using the external UVLO function, Tl recommends to set the hysteresis to be greater than 500 mV.

The EN pin has a small pullup current, |,, which sets the default state of the pin to enable when no external
components are connected. The pullup current is also used to control the voltage hysteresis for the UVLO
function because it increases by |}, after the EN pin crosses the enable threshold. The UVLO thresholds can be
calculated using = 2 and = 3.

VENFALLING
VsTART ( - VsTop

V,
R, = ENRISING
o [1 _ VENFALLII\IGJ Ty
VENRISING “
R, - R1* VENFALLING
Vstop — VenraLLIng T R4 Gh * IP) ®
where
* 1,=36pA

* Venrisng =1.2V
* Venrawung = 1,15V
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VIN

R1 a
P

R2

B 8-2. Adjustable VIN UVLO

8.3.3 Soft-Start Time

The voltage on the SS1 pin controls the start-up of buck1 output. When the voltage on the SS1 pin is less than
the internal 0.6-V reference, The TPS65262-1 regulates the internal feedback voltage to the voltage on the SS1
pin instead of 0.6 V, allowing VOUT to rise smoothly from 0 V to its regulated voltage without inrush current. The
device has an internal pullup current source of 5 pA (typical) that charges an external soft-start capacitor to
provide a linear ramping voltage at SS1 pin.

Buck1’s soft-start time can be calculated approximately by = 4.
Buck2 and Buck3 have fixed 1-ms soft-start time.

Tss(ms) = CSS(TSFS)(ZX;ef(V) N

8.3.4 Power-Up Sequencing

TPS65262-1 features a comprehensive sequencing circuit for the three bucks. If the MODE pin is driving to high
at the same time EN1 or EN2 pin (or both), the automatic power-up and power-down sequence function is
active. If MODE pin ties low to ground, three buck on or off is separately controlled by three enable pins.

8.3.4.1 External Power Sequencing

The TPS65262-1 has a dedicated enable pin for each converter. The converter enable pins are biased by a
current source that allows for easy sequencing with the addition of an external capacitor. Disabling the converter
with an active pulldown transistor on the ENx pin allows for a predictable power-down timing operation. 8-3
shows the timing diagram of a typical buck power-up sequence with a capacitor connected at ENXx pin.

A typical 1.4-pA current charges the ENx pin from the input supply when the ENx pin voltage is lower than
typical 0.4 V. The internal V7V LDO turns on when the ENXx pin voltage rises to typical 0.4 V and a 3.6-pA pullup
current sources ENx. After the ENXx pin voltage reaches 1.2 V typical, 3-pA hysteresis current sources to the pin
to improve noise sensitivity. If all output voltages are in regulation, PGOOD is asserted after PGOOD deglitch
time.
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VIN

V7

VOUTx

ENx Rise Time
Dictated by Cen

EN Threshold

Pre-Bias Startup

E

@~

with 6.6 pA

Soft Start Rise Time

EN Threshold

)&

Dictated by Css

PGOOD Deglitch Time

e

I

w

PGOOD

<
\T =Cen x (1.2-0.4)

T=Cenx04V/14pA

L&A
T=Cssx 06V /5pA
V736 pA

»

8-3. Startup Power Sequence

8.3.4.2 Automatic Power Sequencing

The TPS65262-1 starts with a predefined power-up and power-down sequence when the MODE pin is driven to
high. As shown in % 8-2, the sequence is dictated by different combinations of the EN1 and EN2 status. EN3 is
used to start or stop the converters. Buck2 and buck3 are identical converters and can be swapped in the
system operation to allow for additional sequencing stages. [X| 8-4 shows the power sequencing when EN1 and
EN2 are pulled up high.

£ 8-2. Power Sequencing

MODE EN1 EN2 EN3 Start Sequencing Shutdown Sequencing
High High High Buck1—buck2—buck3 Buck3—buck2—buck1
Automatic power | High Low High L:iii;‘::f;ﬁ;:g Buck2—buck1—buck3 Buck3—buckl1—buck2

sequencing High High Low Buck2—buck3—buck1 Buck1—buck3—buck2

High Low Low Reserved Reserved Reserved
Eg:s:gﬁélg Low Used to start or | Used to start or | Used to start or stop X X
: stop buck1 stop buck2 buck3
sequencing
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S

V7V J

MODE
EN1
EN2
EN3
| 1
! |
Buck1 |/ L,
| | | :
Buck2 — ! lI |
|
L L
Buck3 } L ! !
| | | |
| | | | | |
. .
| |
L L
PGOOD ; " L
ot 12 ;3 4]
| NI D B
: ! ‘ ! I I
Tosdelay =11 =12=13=t4=1.7ms

8-4. Automatic Power Sequencing

8.3.5 V7V Low Dropout Regulator and Bootstrap

Power for the high-side and low-side MOSFET drivers and most other internal circuitry is derived from the V7V
pin. The internal built-in low dropout linear regulator (LDO) supplies 6.3 V (typical) from VIN to V7V. A 10-uF
ceramic capacitor must be connected from V7V pin to power ground.

If the input voltage, VIN decreases to UVLO threshold voltage, the UVLO comparator detects V7V pin voltage
and forces the converter off.

Each high-side MOSFET driver is biased from the floating bootstrap capacitor, CB, shown in 8-5, which is
normally recharged during each cycle through an internal low-side MOSFET or the body diode of low-side
MOSFET when the high-side MOSFET turns off. The boot capacitor is charged when the BST pin voltage is less
than VIN and the BST-LX voltage is below regulation. The recommended value of this ceramic capacitor is 47
nF. Tl recommends a ceramic capacitor with an X7R or X5R grade dielectric with a voltage rating of 10 V or
higher because of the stable characteristics over temperature and voltage. Each low-side MOSFET driver is
powered from V7V pin directly.

To improve dropout, the device is designed to operate at 100% duty cycle as long as the BST to LX pin voltage
is greater than the BST-LX UVLO threshold, which is typically 2.1 V. When the voltage between BST and LX
drops below the BST-LX UVLO threshold, the high-side MOSFET is turned off and the low-side MOSFET is
turned on allowing the boot capacitor to be recharged.

20 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS65262-1
English Data Sheet: SLVSCN5


https://www.ti.com/product/ja-jp/tps65262-1?qgpn=tps65262-1
https://www.ti.com/ja-jp/lit/pdf/JAJSQ72
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSQ72B&partnum=TPS65262-1
https://www.ti.com/product/ja-jp/tps65262-1?qgpn=tps65262-1
https://www.ti.com/lit/pdf/SLVSCN5

13 TEXAS
INSTRUMENTS TPS65262-1
www.ti.comlja-jp JAJSQ72B - JUNE 2014 — REVISED MAY 2023

VIN

LDO
(VBSTx - VLXx)
nBootUV
21V

V7V BSTx
]
L]
Caias . .
High-
10 yF UVLO Bias Buck Mlgssllg‘? —
Controller - Ce
— %7 y LXx P
[ A‘M

Low-side
nBootUV BootUV Gate E MOSFET
PWM Protection Driver
CLK—T I

8-5. V7V Linear Dropout Regulator and Bootstrap Voltage Diagram

8.3.6 Out-of-Phase Operation

To reduce input ripple current, the switch clock of buck1 is 180° out-of-phase from the clock of buck2 and buck3.
This enables the system having less input current ripple to reduce input capacitors’ size, cost, and EMI.

8.3.7 Output Overvoltage Protection (OVP)

The device incorporates an output OVP circuit to minimize output voltage overshoot. When the output is
overloaded, the error amplifier compares the actual output voltage to the internal reference voltage. If the FB pin
voltage is lower than the internal reference voltage for a considerable time, the output of the error amplifier
demands maximum output current. After the condition is removed, the regulator output rises and the error
amplifier output transitions to the steady-state voltage. In some applications with small output capacitance, the
load can respond faster than the error amplifier. This leads to the possibility of an output overshoot. Each buck
compares the FB pin voltage to the OVP threshold. If the FB pin voltage is greater than the OVP threshold, the
high-side MOSFET is turned off preventing current from flowing to the output and minimizing output overshoot.
When the FB voltage drops lower than the OVP threshold, the high-side MOSFET turns on at the next clock
cycle.

8.3.8 PSM
The TPS65262-1 can enter high-efficiency PSM operation at light load current.

When the controller is enabled for PSM operation, the peak inductor current is sensed and compared with 230-
mA current typically. Because the integrated current comparator catches the peak inductor current only, the
average load current entering PSM varies with the applications and external output filters. In PSM, the sensed
peak inductor current is clamped at 230 mA.

When a controller operates in PSM, the inductor current is not allowed to reverse. The reverse current
comparator turns off the low-side MOSFET when the inductor current reaches 0, preventing it from reversing and
going negative.

Due to the delay in the circuit and current comparator tdly (typical 50 ns at Vin = 12 V), the real peak inductor
current threshold to turn off high-side power MOSFET can shift higher depending on inductor inductance and
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input or output voltages. Calculate the threshold of peak inductor current to turn off high-side power MOSFET
with = 5.

ILpgak =230mA + "'”%’Om x tdly

®)

After the charge accumulated on the Vout capacitor is more than loading needs, the COMP pin voltage drops to
low voltage driven by error amplifier. There is an internal comparator at the COMP pin. If the comp voltage is
lower than 0.35 V, the power stage stops switching to save power.

230 mA @

Turn off
High-Side Power MOSFET

Inductor
Current Peak
4@— Current
Sensing Current Comparator
IL Peak x1 Delay: tdly

Inductor Peak Current

8-6. PSM Current Comparator

8.3.9 Slope Compensation

To prevent subharmonic oscillations when the device operates at duty cycles greater than 50%, the device adds
built-in slope compensation, which is a compensating ramp to the switch current signal.

8.3.10 Overcurrent Protection (OCP)

The device is protected from overcurrent conditions by cycle-by-cycle current limiting on both the high-side
MOSFET and low-side MOSFET.

8.3.10.1 High-Side MOSFET OCP

The device implements current mode control which uses the COMP pin voltage to control the turn off of the high-
side MOSFET and the turn on of the low-side MOSFET on a cycle-by-cycle basis. Each cycle the switch current
and the current reference generated by the COMP pin voltage are compared. When the peak switch current
intersects the current reference, the high-side switch is turned off.

8.3.10.2 Low-Side MOSFET OCP

While the low-side MOSFET is turned on, its conduction current is monitored by the internal circuitry. During
normal operation, the low-side MOSFET sources current to the load. At the end of every clock cycle, the low-
side MOSFET sourcing current is compared to the internally set low-side sourcing current limit. If the low-side
sourcing current is exceeded, the high-side MOSFET is not turned on and the low-side MOSFET stays on for the
next cycle. The high-side MOSFET is turned on again when the low-side current is below the low-side sourcing
current limit at the start of a cycle.

The low-side MOSFET can also sink current from the load. If the low-side sinking current limit is exceeded, the
low-side MOSFET is turned off immediately for the rest of that clock cycle. In this scenario, both MOSFETs are
off until the start of the next cycle.

Furthermore, if an output overload condition (as measured by the COMP pin voltage) lasts for more than the
hiccup wait time (which is programmed for 0.5 ms, shown in [X| 8-7) the device shuts down itself and restarts
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after the hiccup time, 14 ms. The hiccup mode helps to reduce the device power dissipation under severe
overcurrent condition.

OCP peak inductor current
threshold Soft Start Time

Hiccup buck1: T =Css x 0.6
OC limiting (waiting) time Time V/5pA
Output over 0.5ms 14 ms buck2/3: 1 ms
loading <—>‘4—+—>‘

iL
Inductor
Current

Soft-start is reset after OC waiting time

About 2.1V _ s
SS OC fault removed, soft-start & output recovery 0.6V
SS Pin X
Voltage

Output hard short circuit

Vout
Output

Voltage

¥ 8-7. OCP

8.3.11 Power Good

The PGOOD pin is an open-drain output. When feedback voltage of each buck is between 95% (rising) and
105% (falling) of the internal voltage reference, the PGOOD pin pulldown is deasserted and the pin floats. Tl
recommends to use a pullup resistor between the values of 10 to 100 kQ to a voltage source that is 6.3 V or
less. The PGOOD is in a defined state when the VIN input voltage is greater than 1 V but with reduced current
sinking capability. The PGOOD achieves full current sinking capability when the VIN input voltage is above
UVLO threshold, which is 4.25 V typically.

The PGOOD pin is pulled low when any feedback voltage of buck is lower than 92.5% (falling) or greater than
107.5% (rising) of the nominal internal reference voltage. Also, the PGOOD is pulled low, if the input voltage is
undervoltage locked up, thermal shutdown is asserted, the EN pin is pulled low or the converter is in a soft-start
period.

8.3.12 Thermal Shutdown

The internal thermal shutdown circuitry forces the device to stop switching if the junction temperature exceeds
160°C typically. The device reinitiates the power-up sequence when the junction temperature drops below 140°C

typically.
8.4 Device Functional Modes
8.4.1 Operation With V|y < 4.5 V (Minimum V)

The device operates with input voltages above 4.5 V. The maximum UVLO voltage is 4.5 V and operates at input
voltages above 4.5 V. The typical UVLO voltage is 4.25 V, and the device can operate at input voltages above
that point. The device also can operate at lower input voltages; the minimum UVLO voltage is 4 V (rising) and
3.5V (falling). At input voltages below the UVLO minimum voltage, the device does not operate.

8.4.2 Operation With EN Control

The enable rising edge threshold voltage is 1.2 V typical and 1.26 V maximum. With EN held below that voltage,
the device is disabled and switching is inhibited. The IC quiescent current is reduced in this state. When the
input voltage is above the UVLO threshold and the EN voltage is increased above the rising edge threshold, the
device becomes active. Switching is enabled, and the soft-start sequence is initiated. The device starts at the
soft-start time determined by the external soft start capacitor as shown in [X] 9-2 to [X] 9-7.
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8.4.3 Operation at Light Loads

The device is designed to operate in high-efficiency PSM under light load conditions. Pulse skipping is initiated
when the switch current falls to 0.23 A. During pulse skipping, the low-side FET is turned off. The switching node
(LX) waveform takes on the characteristics of DCM operation and the apparent switching frequency decreases
as shown in [¥] 9-8, [X] 9-10, and [X] 9-12.
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9 Application and Implementation

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

The device is triple-synchronous, step-down DC/DC converter with dual LDOs. The device is typically used to
convert a higher DC voltage to lower DC voltages with continuous available output current of 3 A/1 A/1 A. The
following design procedure can be used to select component values for the TPS65262-1. This section presents
a simplified discussion of the design process.

9.2 Typical Application

9.2.1 Design Requirements

This example details the design of a triple-synchronous step-down converter. A few parameters must be known
to start the design process. These parameters are typically determined at the system level. For this example,
start with the following known parameters shown in & 9-1.
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# 9-1. Design Parameters

PARAMETER VALUE
Vout1 1.2V
lout1 3A
Vout2 1.8V
lout2 1A
Vout3 3.3V
lout3 1A
Buck1 transient response 1-A load step +5%
Buck2, buck3 transient response 0.5-A load step +5%
Input voltage 12V normal, 4.5t0 18 V
Output voltage ripple +1%
Switching frequency 600 kHz

9.2.2 Detailed Design Procedure
9.2.2.1 Output Inductor Selection

To calculate the value of the output inductor, use = 6. LIR is a coefficient that represents the amount of inductor
ripple current relative to the maximum output current. The inductor ripple current is filtered by the output
capacitor. Therefore, choosing high inductor ripple currents impact the selection of the output capacitor because
the output capacitor must have a ripple current rating equal to or greater than the inductor ripple current. In
general, the inductor ripple value is at the discretion of the designer; however, LIR is normally from 0.1 to 0.3 for
the majority of applications.

V

inmax — Vout Vout

l, xLIR Vinmax % fsw (6)

For the output filter inductor, it is important not to exceed the RMS current and saturation current ratings. The
RMS and peak inductor current can be found from = 8 and = 9.

_ Vinmax _Vout % Vout
ripple — L Y,

Inmax X fSW (7)

2
[ Vout X (Vinmax - Vout )J

| 2 Vinmax XL x fsw
Lms = \lo t+ 12

8)

- Iripple
~out

ILpeak

©)

The current flowing through the inductor is the inductor ripple current plus the output current. During power-up,
faults, or transient load conditions, the inductor current can increase above the calculated peak inductor current
level calculated previously. In transient conditions, the inductor current can increase up to the switch current limit
of the device. For this reason, the most conservative approach is to specify an inductor with a saturation current
rating equal to or greater than the switch current limit rather than the peak inductor current.

9.2.2.2 Output Capacitor Selection

The designer needs to account for three primary considerations when selecting the value of the output capacitor.
The output capacitor determines the modulator pole, the output voltage ripple, and how the regulator responds
to a large change in load current. The output capacitance must be selected based on the most stringent of these
three criteria.
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The first criterion is the desired response to a large change in the load current. The output capacitor needs to
supply the load with current when the regulator cannot. This situation can occur if there are desired hold-up
times for the regulator where the output capacitor must hold the output voltage above a certain level for a
specified amount of time after the input power is removed. The regulator is also temporarily not able to supply
sufficient output current if there is a large, fast increase in the current needs of the load such as a transition from
no load to full load. The regulator usually needs two or more clock cycles for the control loop to see the change
in load current and output voltage and adjust the duty cycle to react to the change. The output capacitor must be
sized to supply the extra current to the load until the control loop responds to the load change. The output
capacitance must be large enough to supply the difference in current for two clock cycles while only allowing a
tolerable amount of droop in the output voltage. . 10 shows the minimum output capacitance necessary to
accomplish this.

_ 2 X AIOUt
o =t
Fow X AVout (10)

where

* Alyyt is the change in output current.
fsw is the regulator's switching frequency.
* AV, is the allowable change in the output voltage.

3\ 11 calculates the minimum output capacitance needed to meet the output voltage ripple specification.

C, > 1 X L
8 x fsw Voripple
Ioripple (11)
where

* fswis the switching frequency.
Voripple IS the maximum allowable output voltage ripple.
*  loripple is the inductor ripple current.

3\ 12 calculates the maximum ESR an output capacitor can have to meet the output voltage ripple specification.

V,

oripple

R

esr I
oripple (12)

Additional capacitance deratings for aging, temperature, and DC bias must be factored in, which increase this
minimum value. Capacitors generally have limits to the amount of ripple current they can handle without failing or
producing excess heat. An output capacitor that can support the inductor ripple current must be specified. Some
capacitor data sheets specify the root mean square (RMS) value of the maximum ripple current. =\ 13 can be
used to calculate the RMS ripple current the output capacitor needs to support.

Vout ><(Vinmax _Vout)
\/EX inmax XL % fsw (13)

Icorms =

9.2.2.3 Input Capacitor Selection

The TPS65262-1 requires a high-quality ceramic, type X5R or X7R, input decoupling capacitor of at least 10 yF
of effective capacitance on the VIN input voltage pins. In some applications, additional bulk capacitance can also
be required for the VIN input. The effective capacitance includes any DC bias effects. The voltage rating of the
input capacitor must be greater than the maximum input voltage. The capacitor must also have a ripple current
rating greater than the maximum input current ripple of the TPS65262-1. Calculate the input ripple current using
3 14,
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inmin

l =| " ><\/ Vout % (Vinmin B Vout)
inrms ~'ou
Vi Vinmin (14)

The value of a ceramic capacitor varies significantly over temperature and the amount of DC bias applied to the
capacitor. The capacitance variations due to temperature can be minimized by selecting a dielectric material that
is stable over temperature. X5R and X7R ceramic dielectrics are usually selected for power regulator capacitors
because they have a high capacitance to volume ratio and are fairly stable over temperature. The output
capacitor must also be selected with the DC bias taken into account. The capacitance value of a capacitor
decreases as the DC bias across a capacitor increases. The input capacitance value determines the input ripple
voltage of the regulator. Calculate the input voltage ripple using =\ 15.

AV, _loutmax X025

" Cin % fsw (15)
9.2.2.4 Loop Compensation

The TPS65262-1 incorporates a peak current mode control scheme. The error amplifier is a transconductance
amplifier with a gain of 300 uS. A typical type Il compensation circuit adequately delivers a phase margin
between 60° and 90°. C, adds a high frequency pole to attenuate high-frequency noise when needed. To
calculate the external compensation components, follow these steps.

1. Switching frequency, fs,, 600 kHz is appropriate for application depending on L and C sizes, output ripple,
EMI, and so forth. It also gives the best trade-off between performance and cost.

2. Set up crossover frequency, fc, which is typically between 1/5 and 1/20 of f,,.

3. Rc can be determined by = 16.

Rg = 2nx fc x Vox Co

where

*  Gp_ga is the error amplifier gain (300 uS)
* Gp_ps is the power stage voltage to current conversion gain (7.4 A/V)

1
pe )
4. Calculate C¢ by placing a compensation zero at or before the dominant pole ( C, xR x2rn

R, xCo
CC Z—L
Re (17)
5. Optional Cy, can be used to cancel the zero from the ESR associated with Cq.
Re (18)
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B 9-1. DC/DC Loop Compensation
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9.2.3 Application Curves
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9-2. BUCK1, Soft-Start With No Load

& 9-3. BUCK1, Soft-Start With Full Load
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9-4. BUCK2, Soft-Start With No Load
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9-5. BUCK2, Soft-Start With Full Load
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9-6. BUCKS, Soft-Start With No Load
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9-7. BUCKS3, Soft-Start With Full Load
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K 9-8. Buck1, Steady State Operation at Light

TPS65262-1
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9-9. Buck1, Steady State Operation at Full Load
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9-10. Buck2, Steady State Operation at Light

B 9-11. Buck2, Steady State Operation at Full Load
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9-12. Buck3, Steady State Operation at Light
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Eq 9-13. Buck3, Steady State Operation at Full Load
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9-14. Buck1, Load Transient, 0.75t0 1.5 ASR =
0.25 Alps
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9-15. Buck1, Load Transient, 1.5t0 2.25 ASR =
0.25 Alps
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& 9-16. Buck2, Load Transient, 0.25 to 0.5 A SR =
0.25 Alps
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9-17. Buck2, Load Transient, 0.5 to 0.75 ASR =
0.25 Alps

5.00M5/s
10k points

Tek Stop _ -

fa:vqmn-md.\wq a———— M
T S R o BRI

e AT

B{ILoAD3

@ 100mv Ay 2005 @ - |13 Dec 2013
@ 200mA & 384ma Jl06:41:14

9-18. Buck3, Load Transient, 0.25t0 0.5 ASR =
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9-19. Buck3, Load Transient, 0.5t0 0.75 ASR =
0.25 Alps
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& 9-20. Buck1, OCP Eq 9-21. Buck1, Hiccup and Recovery
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X 9-22. Buck2, OCP B4 9-23. Buck2, Hiccup and Recovery
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B 9-24. Buck3, OCP B 9-25. Buck3, Hiccup and Recovery
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9-26. Automatic Power Sequencing, MODE =
EN1 = EN2 = HIGH
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Eq 9-27. Automatic Power Sequencing, MODE =
EN1 = EN2 = HIGH
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B 9-28. Automatic Power Sequencing, MODE =
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B4 9-29. Automatic Power Sequencing, MODE =
EN1 = HIGH, EN2 = LOW
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Eg 9-30. Automatic Power Sequencing, MODE =
EN2 = HIGH, EN1 = LOW
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Eq 9-31. Automatic Power Sequencing, MODE =
EN2 = HIGH, EN1 = LOW
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Operating at VIN =12V, VOUT1 =12V /1.5 A, VOUT2 =1.8
V/0.5A, VOUT3=33V/05A,
EVM Condition 4 Layers, 64 mm x 69 mm Tp = 30.5°C

9-32. Thermal Signature of TPS65262-1EVM

65.4 °C SELIR

£=0.95 13-
iy

Operating at VIN =12V, VOUT1 =12V /3 A, VOUT2=1.8
V/1A,VOUT3=33V/1A,
EVM Condition 4 Layers, 64 mm x 69 mm Tp = 30.5°C

9-33. Thermal Signature of TPS65262-1EVM

9.3 Power Supply Recommendations

The devices are designed to operate from an input voltage supply range between 4.5 to 18 V. This input power
supply must be well regulated. If the input supply is located more than a few inches from the TPS65262-1
converter, additional bulk capacitance can be required in addition to the ceramic bypass capacitors. An
electrolytic capacitor with a value of 47 uF is a typical choice.

9.4 Layout
9.4.1 Layout Guidelines

The TPS65262-1 supports a 2-layer PCB layout, shown in [%] 9-34.

Layout is a critical portion of good power supply design. See [%| 9-34 for a PCB layout example. The top contains
the main power traces for VIN, VOUT, and LX. The top layer also has connections for the remaining pins of the
TPS65262-1 and a large top-side area filled with ground. The top-layer ground area must be connected to the
bottom-layer ground using vias at the input bypass capacitor, the output filter capacitor, and directly under the
TPS65262-1 device to provide a thermal path from the exposed thermal pad land to ground. The bottom layer
acts as a ground plane connecting analog ground and power ground.

For operation at full-rated load, the top-side ground area and bottom-side ground plane must provide adequate
heat dissipating area. Several signals paths conduct fast changing currents or voltages that can interact with
stray inductance or parasitic capacitance to generate noise or degrade the power supply's performance. To help
eliminate these problems, the VIN pin must be bypassed to ground with a low-ESR ceramic bypass capacitor
with X5R or X7R dielectric. Take care to minimize the loop area formed by the bypass capacitor connections,
VIN pins, and ground connections. The VIN pin must also be bypassed to ground using a low-ESR ceramic
capacitor with X5R or X7R dielectric.

Because the LX connection is the switching node, the output inductor must be located close to the LX pins, and
the area of the PCB conductor minimized to prevent excessive capacitive coupling. The output filter capacitor
ground must use the same power ground trace as the VIN input bypass capacitor. Try to minimize this conductor
length while maintaining adequate width. The small signal components must be grounded to the analog ground
path.

The FB and COMP pins are sensitive to noise so the resistors and capacitors must be located as close as
possible to the IC and routed with minimal lengths of trace. The additional external components can be placed
approximately as shown in [X] 9-34.
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9.4.2 Layout Example
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9-34. PCB Layout
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10 Device and Documentation Support
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10.3 Trademarks
TI E2E™ is a trademark of Texas Instruments.
TRCOBEET, TNENOFAHEICRBLET,
10.4 HESMEICEE T3 EEEIA
ZOD IC L. ESD ([Z&o TR T 2 FTHEMESHVE T, TH VA AL AV VAV IF IC Z BB BITE ISR B A2 o2 8
‘ EHEELET, IELWEBVRWB IO E FIRICEDRWG S, TN AE MR T2 BTN 0NH0ET,
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CBAET D72 CARSNCOBHEEN SIS ATREMES B D T5 , AT AE LR T <R TNET,
10.5 AR
FX A AL A LAY L EE ZOMEEEIZIX, HRECIKEEO — BB L OVERDFLHIN TWVET,
11 Mechanical, Packaging, and Orderable Information

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPS65262-1RHBR Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65262-1

TPS65262-1RHBR.A Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65262-1

TPS65262-1RHBRG4 Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65262-1

TPS65262-1RHBRG4.A Active Production VQFN (RHB) | 32 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65262-1

TPS65262-1RHBT Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65262-1

TPS65262-1RHBT.A Active Production VQFN (RHB) | 32 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
65262-1

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

and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS65262-1RHBR VQFN RHB 32 3000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
TPS65262-1RHBRG4 VQFN RHB 32 3000 330.0 12.4 5.3 5.3 11 8.0 12.0 Q2
TPS65262-1RHBT VQFN RHB 32 250 180.0 12.4 5.3 5.3 11 8.0 12.0 Q2
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PACKAGE MATERIALS INFORMATION
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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)
TPS65262-1RHBR VQFN RHB 32 3000 346.0 346.0 33.0
TPS65262-1RHBRG4 VQFN RHB 32 3000 346.0 346.0 33.0
TPS65262-1RHBT VQFN RHB 32 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RHB 32 VQFN - 1 mm max height

5x 5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RHBO0O32E VQFN - 1 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RHBO0O32E VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 33:

75% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X
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NOTES: (continued)

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