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5 Pin Configuration and Functions
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A 5-1. 21-pin VQFN-HR, RYQ Package (Transparent Top View)

Z 5-1. Pin Functions

PIN
110 DESCRIPTION

NO. NAME
Enable logic input and programmable input voltage undervoltage lockout (UVLO) input. Logic high

1 EN/UVLO level enables the device. Logic low level disables the device and turns it into shutdown mode. After
the voltage at the EN/UVLO pin is above the logic high voltage of 1.15V, this pin acts as
programmable UVLO input with 1.23-V internal reference.

2 MODE Mode selection pin in light load condition. When it is connected to logic high voltage, the device
works in forced PWM mode. When it is connected to logic low voltage, the device works in auto PFM
mode. This pin can not be float in application.

Power good indication open drain output. When the output voltage is above 95% of the setting output

3 PG (6] voltage, this pin outputs high impedance. When the output voltage is below 90% of the setting output
voltage, this pin outputs low level

4 cc o Constant current output indication open drain output. When output current limit is triggered, this pin
outputs low level.

Dithering frequency setting and synchronous clock input. Use a capacitor between this pin and

5 DITH/SYNC ground to set the dithering frequency. When this pin is short to ground or pulled above 1.2 V, there is
no dithering function. An external clock can be applied at this pin to synchronize the switching
frequency.

6 FSW | The switching frequency is programmed by a resistor between this pin and the AGND pin.

7 VIN PWR Input of the buck-boost converter.

8 SW1 PWR | The switching node pin of the buck side. It is connected to the drain of the internal buck low-side
power MOSFET and the source of internal buck high-side power MOSFET.

9 PGND PWR | Power ground of the IC.

10 SW2 PWR The switching node pin of the boost side. It is connected to the drain of the internal boost low-side
power MOSFET and the source of internal boost high-side power MOSFET.

11 VOUT PWR Output of the buck-boost converter.
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# 5-1. Pin Functions (continued)

PIN
110 DESCRIPTION
NO. NAME
Positive input of the current sense amplifier. An optional current sense resistor connected between
the ISP pin and the ISN pin can limit the output current. If the sensed voltage reaches the current
12 ISP limit, a slow constant current control loop becomes active and starts to regulate the voltage between
the ISP pin and the ISN pin. Connecting the ISP pin and the ISN pin together with the VOUT pin can
disable the output current limit function.
Negative input of the current sense amplifier. An optional current sense resistor connected between
the ISP pin and the ISN pin can limit the output current. If the sensed voltage reaches the current
13 ISN limit, a slow constant current control loop becomes active and starts to regulate the voltage between
the ISP pin and the ISN pin. Connecting the ISP pin and the ISN pin together with the VOUT pin can
disable the output current limit function.
14 FB | Connect to the center of a resistor divider to program the output voltage
Output of the internal error amplifier. Connect the loop compensation network between this pin and
15 COMP (6] -
the AGND pin.
Voltage output proportional to the sensed voltage between the ISP pin and the ISN pin. Use a
16 CcbC (6] resistor between this pin and AGND to increase the output voltage to compensate voltage droop
across the cable caused by the cable resistance.
17 AGND - Signal ground of the IC.
Output of the internal regulator. A ceramic capacitor of more than 4.7 v F is required between this
18 VCC o . )
pin and the AGND pin.
Power supply for high-side MOSFET gate driver in boost side. A ceramic capacitor of 0.1 yF must be
19 BOOT2 (6] _— ;
connected between this pin and the SW2 pin.
Power supply for high-side MOSFET gate driver in buck side. A ceramic capacitor of 0.1 uF must be
20 BOOT1 (0] _— ;
connected between this pin and the SW1 pin.
Select the internal LDO or external 5V for VCC. When it is connected to logic high voltage or is left
21 EXTVCC floating, select the internal LDO. When it is connected to logic low voltage, select the external 5V for
VCC.
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6 Specifications
6.1 Absolute Maximum Ratings
over operating junction temperature range (unless otherwise noted)("

MIN MAX UNIT
VIN, SW1 -0.3 42 \Y
BOOT1 SW1-0.3 SW1+6 \
VCC, PG, CC, FSW, COMP, FB, MODE, CDC, DITH/SYNC,
-0.3 6 \Y
EXTVCC
Voltage range
at terminals @) | VOUT, SW2, ISP, ISN -0.3 25 \Y
EN -0.3 20 \Y
BOOT2 SW2-0.3 SW2+6 \Y
PG, CC, FSW, COMP, FB, MODE, CDC, DITH/SYNC, EXTVCC -0.3 VCC+0.3 \%
T, Operating Junction, T, ) - 40 150 °C
Tstg Storage temperature -65 150 °C
(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.
(2) All voltage values are with respect to network ground terminal.
(3)  High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/ +2000
o JEDEC JS-001( -
V(Esp) Electrostatic discharge - \%
Charged device model (CDM), per ANSI/ESDA/ +500
JEDEC JS-002(@ -

M
)

safe manufacturing with a standard ESD control process.

manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

over operating junction temperature range (unless otherwise noted)

Level listed above is the passing level per ANSI, ESDA, and JEDEC JS-001. JEDEC document JEP155 states that 500-V HBM allows

Level listed above is the passing level per EIA-JEDEC JESD22-C101. JEDEC document JEP157 states that 250-V CDM allows safe

MIN NOM MAX| UNIT
VN Input voltage range 3.0 36 \Y
Vour Output voltage range 0.8 22 \Y
L Effective inductance range 1 4.7 10 uH
Cin Effective input capacitance range 4.7 22 uF
Cout Effective output capacitance range 10 100 1000 uF
T, Operating junction temperature -40 125 °C
6.4 Thermal Information
RYQ (VQFN) RYQ (VQFN)
THERMAL METRIC(") 21 PINS 21 PINS UNIT
Standard EVM @
R ya Junction-to-ambient thermal resistance 43.4 27.5 °C/W
R 0 Jc(top) Junction-to-case (top) thermal resistance 22.3 N/A °C/W
Rous Junction-to-board thermal resistance 7.4 N/A °C/W
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RYQ (VQFN) RYQ (VQFN)
THERMAL METRIC(") 21 PINS 21 PINS UNIT
Standard EVM @

wr Junction-to-top characterization parameter 0.7 0.7 °C/W

Y Junction-to-board characterization parameter 7.2 111 °C/W

R0 yc(bot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

(1)
@)

report.

6.5 Electrical Characteristics
T, =-40°C to 125°C, V|y = 12 V and Vpyt = 20 V. Typical values are at T; = 25°C, unless otherwise noted.

Measured on TPS552872EVM-029, 4-layer, 2-0z/1-0z/1-0z/2-0z copper 91-mmx66-mm PCB.

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLY
ViN Input voltage range 3.0 36 Vv
V)N rising 2.8 29 3.0 \%
VVIN uvLO Under voltage lockout threshold
- Vn falling 2.6 2.65 2.7 \Y
IC enabled, no load, no switching. V|y
Quiescent current into VIN pin ;sE(F)\i too- fCVRL/SOVl;l1T)8k2/ '?'?FtJBp=to 760 860 uA
la 125°C
IC enabled, no load, no switching, Vy
Quiescent current into VOUT pin = 3.0V, Vour = 3V to 20V, Vg = VRer 760 860 A
+ 0.1V, Resw=100kQ, Tj up to 125°C
Isp Shutdown current into VIN pin Egg?bggli\y&'\‘;p?ﬁ}g;%: ; Vi Tjup to 0.8 3 MA
Vee Internal regulator output lvcc = 50mA, Vi = 8V, Vour = 20V 5.05 5.2 5.45 \Y
EN/UVLO
VEN_H EN Logic high threshold Vee = 3.0V to 5.5V 1.15 \Y
VEN_L EN Logic low threshold Vce = 3.0V to 5.5V 0.4 \%
VEN_HYs Enable threshold hysteresis Vee = 3.0V to 5.5V 0.04 Vv
Voulo gi\n/LO rising threshold at the EN/UVLO Vo = 3.0V to 5.5V 1.20 123 196 Vv
VuviLo Hys UVLO threshold hysteresis Vee = 3.0V to 5.5V 10 mV
luvLo Sourcing current at the EN/UVLO pin | Vyyo = 1.3V 4.4 5.6 uA
OUTPUT
Vout Output voltage range 0.8 22 \%
Voye :r)]Lrjézr]toi)dvervoltage protection 225 235 245 vV
Vovp_Hys Over voltage protection hysteresis 1 \%
IFB_LkG Leakage current at FB pin Tj up to 125°C 100 nA
IVouT LkG Leakage current into VOUT pin LC;:) ?:)S?S,I;% Vour =20V, Vswz = 0V, Tj 1 20 pA
REFERENCE VOLTAGE
VREr Reference voltage at the FB pin 1.188 1.2 1.212 \%
POWER SWITCH
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T,=-40°C to 125°C, V|y =12V and Vout = 20 V. Typical values are at T; = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Low-side MOSFET on resistance on _ _
buck side VOUT =20V, Vcc—5.2V 22 mQ
High-side MOSFET on resistance on _ _
buck side VOUT =20V, Vcc—5.2V 14 mQ
Rosien) Low-side MOSFET on resistance on
boost side Vout = 20V, V=52V 11 mQ
High-side MOSFET on resistance on _ _
boost side Vout = 20V, V=52V 11 mQ
INTERNAL CLOCK
o Resw =100k 180 200 220 kHz
fsw Switching frequency
Resw =8.4k 2000 2200 2400 kHz
toFF_min Min. off time Boost mode 90 145 ns
toN_min Min. on time Buck mode 90 130 ns
VEsw Voltage at FSW pin 1 \
CURRENT LIMIT
. o TPS552872, V|y = 8V, Vout = 20V,
ILm_Ave Average inductor current limit Faw = 400kHz, Vg = 5.2V 3.3 4 4.7 A
. I . . TPS552872, V |y = 8V, Vout = 20V,
ILM_PK_H Peak inductor current limit at high side Fow = 400kHz 6.5 A
. - . TPS552872, Viy = 8V, Voyt = 20V,
ILm_Pr_L Peak inductor current limit at low side Fow = 400kHz 6 A
Current loop regulation voltage
Vsns between ISP and ISN pin 48 50 52 mv
CABLE VOLTAGE DROP COMPENSATION
Rcpe = 20kQ or floating, Visp - Visn 0.95 1 1.05 v
=50mV
Vepe Voltage at the CDC pin -
RCDC = 20kQ or floatlng, V|sp - VISN 40 75 mv
=2mV
External output feedback, Rcpc =
20k, Vigp — Visy = 50mV 7.23 7.5 7.87 pA
L External output feedback, Repc =
Irs_coc FB pin sinking current 20k, Vigp — Vigy = OmV 0 0.3 HA
External output feedback, Rcpc =
floating, Visp - Vign = 50mV. 0 0.3 WA
ERROR AMPLIFIER
lSINK COMP pin sink current Vre = Vrer +400mV, Voowp=1.5V, 20 WA
Vee=5V
ISOURCE COMP pin source current Vee z Vrer - 400mV, Veoup=1.5V, 60 pA
Vee=5V
VeeLpH High clamp voltage at the COMP pin  |FPWM mode, Voyr = 1.8V to 22V 1.15 \Y
VeewpL Low clamp voltage at the COMP pin FPWM mode 0.6 \Y
Gga Error amplifier transconductance 190 AV
SOFT START
tss Soft-start time 25 3.6 5 ms
SPREAD SPECTRUM
S Vorrthisyne = 1.0V; Resw=49.9k Q;
IpITH_cHG Dithering charge current voltage rising from 0.9V 2 HA
Hhar i Vorrhisyne = 1.0V; Resy=49.9k Q;
IpiTH_DIS Dithering discharge current voltage falling from 1.1V 2 HA
VDITH_H Dither high threshold 1.07 \%
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T,=-40°C to 125°C, V|y =12V and Vout = 20 V. Typical values are at T; = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VbitH_L Dither low threshold 0.93 Vv

SYNCHRONOUS CLOCK

Vsnyc H Sync clock high voltage threshold 1.2 \%

Vsyne L Sync clock low voltage threshold 0.4 \%

tsync_miN Minimum sync clock pulse width 50 ns

HICCUP

thiccup Hiccup off time 76 ms

MODE

VMmobpe MODE logic high threshold Veec =3V to 5.5V 1.2 Vv

VMobpEe MODE logic low threshold Vee =3V to 5.5V 0.4 \%

EXTVCC

VExTvee EXTVCC Logic high threshold Vee =3V to 5.5V 1.2 \Y

VExTvee EXTVCC Logic Low threshold Vee =3V to 5.5V 0.4 \Y

Power Good

o]

Vg L Output low voltage range of the PG pin | Sinking 4mA current 0.1 0.2 Vv

Current Limit Indication

e o]

Vee L Output low voltage range of the CC pin | Sinking 4-mA current 0.1 0.2 \%

PROTECTION

Tsp Thermal shutdown threshold T, rising 175 °C

Tsp_Hys Thermal shutdown hysteresis T, falling below Tsd 20 °C
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6.6 Typical Characteristics

ViNn =12V, T = 25°C, unless otherwise noted.
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6.6 Typical Characteristics (continued)
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6.6 Typical Characteristics (continued)
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6.6 Typical Characteristics (continued)
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A 6-20. ENABLE/UVLO Rising Threshold vs Temperature
& 6-19. Shutdown Current vs Temperature
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7 Detailed Description
7.1 Overview

The TPS552872 is a 4-A buck-boost DC-to-DC converter with the four MOSFETs integrated. The TPS552872
can operate over a wide range of 3.0-V to 36-V input voltage and an output voltage of 0.8 V to 22 V. It can
transition among buck mode, buck-boost mode, and boost mode smoothly according to the input voltage and the
set output voltage. The TPS552872 operates in buck mode when the input voltage is greater than the output
voltage and in boost mode when the input voltage is less than the output voltage. When the input voltage is
close to the output voltage, the TPS552872 operates in one-cycle buck and one-cycle boost mode alternately.

The TPS552872 uses an average current mode control scheme. Current mode control provides simplified loop
compensation, rapid response to the load transients, and inherent line voltage rejection. An error amplifier
compares the feedback voltage with the internal reference voltage. The output of the error amplifier determines
the average inductor current.

An internal oscillator can be configured to operate over a wide range of frequency from 200 kHz to 2.2 MHz. The
internal oscillator can also synchronize to an external clock applied to the DITH/SYNC pin. To minimize EMI, the
TPS552872 can dither the switching frequency at £7% of the set frequency.

The TPS552872 works in fixed-frequency PWM mode at moderate to heavy load currents. In light load condition,
the TPS552872 can be configured to automatically transition to PFM mode or be forced in PWM mode.

The TPS552872 provides average inductor current limit of 4 A typically. In addition, it provides cycle-by-cycle
peak inductor current limit during transient to protect the device against overcurrent condition beyond the
capability of the device.

A precision voltage threshold of 1.23 V with 5-uA sourcing current at the EN/UVLO pin supports programmable
input undervoltage lockout (UVLO) with hysteresis. The output overvoltage protection (OVP) feature turns off the
high-side FETs to prevent damage to the devices powered by the TPS552872.

The device provides hiccup mode option to reduce the heating in the power components when output short
circuit happens. The TPS552872 turns off for 76 ms and restarts at soft start-up.
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7.2 Functional Block Diagram
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7.3 Feature Description
7.3.1 VCC Power Supply

An internal LDO to supply the TPS552872 outputs regulated 5.2-V voltage at the VCC pin. When V| is less than
Vour, the internal LDO selects the power supply source by comparing V| to a rising threshold of 6.2 V with 0.3-
V hysteresis. When V) is higher than 6.2 V, the supply for LDO is V|y. When V| is lower than 5.9 V, the supply
for LDO is Voyt. When Vgyur is less than V|, the internal LDO selects the power supply source by comparing
Vourt to a rising threshold of 6.2 V with 0.3-V hysteresis. When Vqyr is higher than 6.2 V, the supply for LDO is
Vout. When Vgt is lower than 5.9 V, the supply for LDO is V|y. 3% 7-1 shows the supply source selection for the
internal LDO.
% 7-1. Vcc Power Supply Logic

Vin Vour INPUT for V¢ LDO
Vin>6.2V Vout > Vin Vin
ViN<59V Vout > Vin Vout
Vin > Vour Vour>6.2V Vout
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R 7-1. Vcc Power Supply Logic (continued)
Vin Vour INPUT for Vee LDO

Vin > Vour Vour <59V Vin

7.3.2 EXTVCC Power Supply

To minimize the power dissipation of the internal LDO when both input voltage and output voltage are high, an
external 5-V power source can be applied at the VCC pin to supply the TPS552872. The external 5-V power
supply must have at least 100-mA output current capability and must be within the 4.75-V to 5.5-V regulation
range. When the EXTVCC pin is connected to logic low, the device selects the external power supply to supply
the device through VCC pin. When the EXTVCC pin is connected to logic high or is left floating, the device
selects internal LDO.

7.3.3 Input Undervoltage Lockout

When the input voltage is below 2.6 V, the TPS552872 is disabled. When the input voltage is above 3 V, the
TPS552872 can be enabled by pulling the EN pin to a high voltage above 1.3 V.

7.3.4 Enable and Programmable UVLO

The TPS552872 has a dual function enable and undervoltage lockout (UVLO) circuit. When the input voltage at
the VIN pin is above the input UVLO rising threshold of 3 V and the EN/UVLO pin is pulled above 1.15 V but less
than the enable UVLO threshold of 1.23 V, the TPS552872 is enabled but still in standby mode. The TPS552872
starts to detect the MODE pin logic status.

The EN/UVLO pin has an accurate UVLO voltage threshold to support programmable input undervoltage lockout
with hysteresis. When the EN/UVLO pin voltage is greater than the UVLO threshold of 1.23 V, the TPS552872 is
enabled for switching operation. A hysteresis current Iy o Hys is sourced out of the EN/UVLO pin to provide
hysteresis that prevents on/off chattering in the presence of noise with a slowly changing input voltage.

By using resistor divider as shown in [§] 7-1, the turnon threshold is calculated using 77 F£5{ 1.
R1
Vinwvio_ony = Voo X (1 + E) ™)
where

* VyyLo is the UVLO threshold of 1.23 V at the EN/UVLO pin

The hysteresis between the UVLO turnon threshold and turnoff threshold is set by the upper resistor in the EN/
UVLO resistor divider and is given by the Equation 2.

AVinwvioy = lyvio_nys X R1 o

where

* lyvLo Hys is the sourcing current from the EN/UVLO pin when the voltage at the EN/UVLO pin is above
Vuvio
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VIN |
UVLO_HYS

ENUVLO
L

+

L]
L

R1
R2 —I_ c1 — J_ Enable
J; UVLO Comparator

1.23V

A 7-1. Programmable UVLO With Resistor Divider at the EN/UVLO Pin

Using an NMOSFET together with a resistor divider can implement both logic enable and programmable UVLO
as shown in ¥ 7-2. The EN logic high level must be greater than enable threshold plus the Vi, of the NMOSFET
Q1. The Q1 also eliminates the leakage current from VIN to ground through the UVLO resistor divider during

shutdown mode.
g R1
luvio_nvs

EN/UVLO |
L

+

L]

R2 —L Ci - J_ Enable
]; UVLO Comparator

1.23V

Kl 7-2. Logic Enable and Programmable UVLO

7.3.5 Soft Start

When the input voltage is above the UVLO threshold and the voltage at the EN/UVLO pin is above the enable
UVLO threshold, the TPS552872 starts to ramp up the output voltage by ramping an internal reference voltage
from 0 V to 1.2V within typical 3.6 ms.

7.3.6 Shutdown

When the EN/UVLO pin voltage is pulled below 0.4 V, the TPS552872 is in shutdown mode, and all functions are
disabled.

7.3.7 Switching Frequency

The TPS552872 uses a fixed frequency average current control scheme. The switching frequency is between
200 kHz and 2.2 MHz set by placing a resistor at the FSW pin. An internal amplifier holds this pin at a fixed
voltage of 1 V. The setting resistance is between maximum of 100 kQ and minimum of 8.4 kQ. Use Equation 3 to
calculate the resistance by a given switching frequency.

1000
fsw = 505 % Rpgyy 735 (MH2) ®)
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where

* Regsw is the resistance at the FSW pin (Q)

For noise-sensitive applications, the TPS552872 can be synchronized to an external clock signal applied to the
DITH/SYNC pin. The duty cycle of the external clock is recommended in the range of 30% to 70%. A resistor
also must be connected to the FSW pin when the TPS552872 is switching by the external clock. The external
clock frequency at the DITH/SYNC pin must have lower than 0.4-V low level voltage and must be within £30% of
the corresponding frequency set by the resistor. 5] 7-3 is a recommended configuration.

JUL

External Clock —— ] DITH/SYNC

7 Fsw

Resw

& 7-3. External Clock Configuration

7.3.8 Switching Frequency Dithering

The TPS552872 provides an optional switching frequency dithering that is enabled by connecting a capacitor
from the DITH/SYNC pin to ground. ¥ 7-4 illustrates the dithering circuit. By charging and discharging the
capacitor, a triangular waveform centered at 1 V is generated at the DITH/SYNC pin. The triangular waveform
modulates the oscillator frequency by 7% of the nominal frequency set by the resistance at the FSW pin. The
capacitance at the DITH/SYNC pin sets the modulation frequency. A small capacitance modulates the oscillator
frequency at a fast rate than a large capacitance. For the dithering circuit to effectively reduce peak EMI, the
modulation rate normally is below 1 kHz. Equation 4 calculates the capacitance required to set the modulation
frequency, Fpop-

1

Cc = F
PITH ™ 2.8 x Rpsw X Fyop ) 4)

where

* Resw is the switching frequency setting resistance (Q ) at the FSW pin
*  Fmop is the modulation frequency (Hz) of the dithering

Connecting the DITH/SYNC pin below 0.4 V or above 1.2 V disables switching frequency dithering. The dithering
function also is disabled when an external synchronous clock is used.
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~— 1.07V
1.0V { ] DITH/SYNC
0.93v

m i Corrh

7 Fsw
Resw

K 7-4. Switching Frequency Dithering

7.3.9 Inductor Current Limit

The TPS552872 implements both peak current and average inductor current limit. The average current mode
control loop uses the current sense information at the high-side MOSFET of the boost leg to clamp the maximum
average inductor current to 4 A (typical).

Besides the average current limit, a peak current limit protection is implemented during transient to protect the
device against over current condition beyond the capability of the device.

7.3.10 Internal Charge Path

Each of the two high-side MOSFET drivers is biased from its floating bootstrap capacitor, which is normally re-
charged by V¢ through both the external and internal bootstrap diodes when the low-side MOSFET is turned
on. When the TPS552872 operates exclusively in the buck or boost regions, one of the high-side MOSFETSs is
constantly on. An internal charge path, from VOUT and BOOT2 to BOOT1 or from VIN and BOOT1 to BOOT2,
charges the bootstrap capacitor to V¢ so that the high-side MOSFET remains on.

7.3.11 Output Voltage Setting
TPS552872 output voltage is configured with feedback resistors as shown in & 7-5, use /7 #22{ 5 to calculate
the output voltage with the reference voltage at the FB pin.

Rep yp
Vour = Veer X (1 + R—_)
FB_BT (5)

Rsns

vouT vV Vour

ISP
% Res_up

ISN
i Rrs_sT

Tl recommends using 100 k< for the up resistor Rrg_yp. The reference voltage Vrer is 1.2 V.

FB

& 7-5. Output Voltage Setting
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7.3.12 Output Current Monitoring and Cable Voltage Droop Compensation

The TPS552872 outputs a voltage at the CDC pin proportional to the sensed voltage across a output current
sensing resistor between the ISP pin and the ISN pin. 77#£x{ 6 shows the exact voltage at the CDC pin related
to the sensed output current.

Vepe = 20 X (Visp — Visw) (6)

To compensate the voltage droop across a cable from the output of the USB port to its powered device, the
TPS552872 can lift its output voltage in proportion to the load current by placing a resistor between the CDC pin
and AGND pin.

The output voltage rises in proportion to the current sourcing from the CDC pin through the resistor at the CDC
pin. It is recommended to use 100-kQ resistance for the up resistor of the feedback resistor divider. 7 f£ = 7
shows the output voltage rise related to the sensed output current, the resistance at the CDC pin, and the up
resistor of the output voltage feedback resistor divider.

VISP B VISN)

Vour_coc = 3 X Rpp_yp X ( R
cpC (7)

where

* Reg_up is the up resistor of the resistor divider between the output and the FB pin
* Rcpc is the resistor at the CDC pin

When RFB_UP is 100 kQ, the output voltage rise versus the sensed output current and the resistor at the CDC
pin is shown in & 7-6.

Vour_coc(V)
A
0.8 |- Rcpc=20K
/\ 0.75V
0.7 -
0.6
05 Rooc=30K™_~ 05V
040
031 Reoc=75K "y oo
0.2 ’
Rcpc=150K
01+ o R By
Repo=floating ¢ Visp — Visn
1 ! | | S
> (mV)
10 20 30 40 50

B 7-6. Output Voltage Rise versus Output Current

7.3.13 Output Current Limit

The output current limit is programmable by placing a current sensing resistor between the ISP pin and ISN pin.
The voltage limit between the ISP pin and the ISN pin is set to 50 mV. Thus a smaller resistance gets higher
current limit and a bigger resistance gets lower current limit.

Connecting the ISP and the ISN pin together to the VOUT pin disables the output current limit because the
sensed voltage is always zero.

7.3.14 Overvoltage Protection

The TPS552872 has output overvoltage protection. When the output voltage at the VOUT pin is detected above
23.5 V typically, the TPS552872 turns off two high-side FETs and turns on two low-side FETs until its output
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voltage drops the hysteresis value lower than the output overvoltage protection threshold. This function prevents
overvoltage on the output and secures the circuits connected to the output from excessive overvoltage.

7.3.15 Output Short Circuit Protection

In addition to the average inductor current limit, the TPS552872 implements the output short-circuit protection by
entering hiccup mode. After soft start-up time of 3.6 ms, the TPS552872 monitors the average inductor current
and output voltage. Whenever the output short circuit happens, causing the average inductor current hitting the
set limit and the output voltage below 0.8 V for 2 ms, the TPS552872 shuts down the switching for 76 ms
(typical) and then repeats the soft start for 3.6 ms. The hiccup mode helps reduce the total power dissipation on
the TPS552872 in the output short-circuit or overcurrent condition.

7.3.16 Power Good

The TPS552872 integrates a power-good function. The power-good output consists of an open-drain NMOS,
requiring an external pullup resistor connect to a suitable voltage supply like VCC. The PG pin goes high after
VOUT reaches 95% of the target output voltage. When the output voltage drops below 90% of the target output
voltage, the PG pin goes low.

7.3.17 Constant Current Output Indication

The TPS552872 integrates a constant current output indication function. It consists of an open-drain NMOS,
requiring an external pullup resistor connect to a suitable voltage supply like VCC. The CC pin goes low with a
128- v s delay time after the voltage between the ISP pin and the ISN pin reaches to 50 mV.

7.3.18 Thermal Shutdown

The TPS552872 is protected by a thermal shutdown circuit that shuts down the device when the internal junction
temperature exceeds 175°C (typical). The internal soft-start circuit is reset when thermal shutdown is triggered.
The converter automatically restarts when the junction temperature drops below the thermal shutdown
hysteresis of 20°C below the thermal shutdown threshold.

7.4 Device Functional Modes

In light load condition, the TPS552872 can work in PFM or forced PWM mode to meet different application
requirements. PFM mode decreases switching frequency to reduce the switching loss thus it gets high efficiency
at light load condition. The FPWM mode keeps the switching frequency unchanged to avoid undesired low
switching frequency but the efficiency becomes lower than that of PFM mode.

7.4.1 PWM Mode

When the MODE pin is connected to logic high, the TPS552872 works in FPWM mode and the switching
frequency is unchanged in light load condition. When the load current decreases, the output of the internal error
amplifier decreases as well to reduce the average inductor current down to deliver less power from input to
output. When the output current further reduces, the current through the inductor decreases to zero during the
switch-off time. The high-side N-MOSFET is not turned off even if the current through the MOSFET is zero.
Thus, the inductor current changes its direction after it runs to zero. The power flow is from output side to input
side. The efficiency is low in this condition. However, with the fixed switching frequency, there is no audible noise
or other problems that might be caused by low switching frequency in light load condition.

7.4.2 Power Save Mode

The TPS552872 improves the efficiency at light load condition with PFM mode. When the MODE pin is
connected to logic low, the TPS552872 can work in PFM mode at light load condition. When the TPS552872
operates at light load condition, the output of the internal error amplifier decreases to make the inductor peak
current down to deliver less power to the load. When the output current further reduces, the current through the
inductor will decrease to zero during the switch-off time. When the TPS552872 works in buck mode, once the
inductor current becomes zero, the low-side switch of the buck side is turned off to prevent the reverse current
from output to ground. When the TPS552872 works in boost mode, once the inductor current becomes zero, the
high side-switch of the boost side is turned off to prevent the reverse current from output to input. The
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TPS552872 resumes switching until the output voltage drops. Thus PFM mode reduces switching cycles and
eliminates the power loss by the reverse inductor current to get high efficiency in light load condition.
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8 Application and Implementation
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8.1 Application Information

The TPS552872 can operate over a wide range of 3.0 V to 36 V input voltage and output 0.8 V to 22 V. It can
transition among buck mode, buck-boost mode, and boost mode smoothly according to the input voltage and the
setting output voltage. The TPS552872 operates in buck mode when the input voltage is greater than the output
voltage and in boost mode when the input voltage is less than the output voltage. When the input voltage is
close to the output voltage, the TPS552872 operates in one-cycle buck and one-cycle boost mode alternately.
The switching frequency is set by an external resistor. To reduce the switching power loss in high power
conditions, it is recommended to set the switching frequency below 500 kHz.

8.2 Typical Application

L1

J_ Y YY) J_
T ca T cs
VIN = 9V 0 18V BOOT1 SW1 SW2 BOOT2 i oUT = 12y
— T VIN VouT _L A%
c1
vee =
e PGND H 4 x 22pF
= ,f AGND =
T ISP
on EN/UVLO ISN § Rl
o — 1 / TPS552872
—1pG
_ FB
Internal Vcc —]CC
—— EXTVCC comp
External Vcc —,_
DITH/SYNC MODE [ -4 R3 g R2
—[ c8 T c7
FSW cDC
R2 c6
R5 \V4

8-1. 12-V Power Supply With 9-V to 18-V Input Voltage
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8.2.1 Design Requirements
The design parameters are listed in & 8-1:

% 8-1. Design Parameters

PARAMETERS VALUES
Input voltage 9Vito18V
Output voltage 12V
Output current limit 2A
Output voltage ripple +50 mV
Operating mode at light load FPWM

8.2.2 Detailed Design Procedure
8.2.2.1 Switching Frequency

The switching frequency of the TPS552872 is set by a resistor at the FSW pin. Use /723 3 to calculate the

resistance for the desired frequency. To achieve a smaller total solution size, a 1% standard resistor of 9.3 kQ is
selected for 2-MHz switching frequency for this application.

8.2.2.2 Output Voltage Setting

The output voltage is set by an external resistor divider (R1, R2 in the ¥ 8-1 circuit diagram). When the output
voltage is regulated, the typical voltage at the FB pin is Vgrgr. The value of R2 is then calculated as 75 £ 8:

_ R1
R2 = —(Vour - 1) (8)
v
REF
8.2.2.3 Inductor Selection

Since the selection of the inductor affects steady state operation, transient behavior, and loop stability, the
inductor is the most important component in power regulator design. There are three important inductor
specifications: inductance, saturation current, and DC resistance.

The TPS552872 is designed to work with inductor values between 1 yH and 10 pyH. The inductor selection is
based on consideration of both buck and boost modes of operation. For 2 MHz switching frequency, a 1uH or
2.2uH inductor is recommended. For 400kHz switching frequency, a 4.7uH inductor is recommended.

For buck mode, the inductor selection is based on limiting the peak-to-peak current ripple to the maximum
inductor current at the maximum input voltage. In CCM, Equation 9 shows the relationship between the
inductance and the inductor ripple current.

_ (VIN(MAX)'VOUT)XVOUT

~ Alepy<tswxVinuax) ?

where

* Vingmax) is the maximum input voltage

* Vopur is the output voltage

* Al p.p)is the peak to peak ripple current of the inductor
» fgw is the switching frequency

For a certain inductor, the inductor ripple current achieves maximum value when VOUT equals half of the
maximum input voltage. Choosing higher inductance gets smaller inductor current ripple while smaller
inductance gets larger inductor current ripple.
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For boost mode, the inductor selection is based on limiting the peak-to-peak current ripple to the maximum
inductor current at the maximum output voltage. In CCM, Equation 10 shows the relationship between the
inductance and the inductor ripple current.

~ Vinx(Vourmmax-Vin)
Al (p-py xfsw xVoumax) "

L

where

* V|nis the input voltage

* VouTmax) is the maximum output voltage

* Al p.p)is the peak to peak ripple current of the inductor
» fgw is the switching frequency

For a certain inductor, the inductor ripple current achieves maximum value when V)y equals to the half of the
maximum output voltage. Choosing higher inductance gets smaller inductor current ripple while smaller
inductance gets larger inductor current ripple.

In buck mode, the inductor DC current equals to the output current. In boost mode, the inductor DC current can
be calculated with Equation 11.

Vourxlout

| =
HoO) Vinxn (11)

where

* Vour is the output voltage

* lpyt is the output current

* V) is the input voltage

* 1 is the power conversion efficiency

For a given maximum output current of the buck-boost converter TPS552872, the maximum inductor DC current
happens at the minimum input voltage and maximum output voltage. Set the inductor current limit of the
TPS552872 higher than the calculated maximum inductor DC current to make sure the TPS552872 has the
desired output current capability.

In boost mode, the inductor ripple current is calculated with Equation 12.

Al _Vinx(Vour-Vin)
PP =Ty
=) LxfswxVour (12)

where

* Al p.p)is the inductor ripple current
* L is the inductor value

» fgw is the switching frequency

* Vour is the output voltage

* V)yis the input voltage

Therefore, the inductor peak current is calculated with Equation 13.

o = I+ PP
L) = lLipoy 5 (13)

Normally, it is advisable to work with an inductor peak-to-peak current of less than 40% of the average inductor
current for maximum output current. A smaller ripple from a larger valued inductor reduces the magnetic
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hysteresis losses in the inductor and EMI, but in the same way, load transient response time is increased. The
selected inductor must have higher saturation current than the calculated peak current.

The conversion efficiency is dependent on the resistance of its current path. The switching loss associated with
the switching MOSFETs, and the inductor core loss. Therefore, the overall efficiency is affected by the inductor
DC resistance (DCR), equivalent series resistance (ESR) at the switching frequency, and the core loss. % 8-2
lists recommended inductors for the TPS552872. In this application example, switching frequency is 2 MHz and
the Coilcraft inductor XGL5030-102 is selected for its small size, high saturation current, and small DCR.

# 8-2. Recommended Inductors

DCR SATURATION
PART NUMBER L (uH) (MAXIMUM) CURRENT / HEAT SIZE (L x W x H mm) VENDOR(")
(mQ) RATING CURRENT (A)
XGL5030-102MEC 1 5.8 14/17.8 55x%x53x3.1 Coilcraft
74438367010 1 1.5 13.1/11.85 54 x54x31 WE
XGL6060-472MEC 4.7 10.1 10.2/16.6 6.7 x 6.5 x 6.1 Coilcraft

(1)  See the Third-party Products disclaimer.
8.2.2.4 Input Capacitor

In buck mode, the input capacitor supplies high ripple current. The RMS current in the input capacitors is given
by Equation 14.

VOUTX(VIN'VOUT)
ICIN(RMS) = IOUT x VINXVIN

(14)
where

* leinRrws) is the RMS current through the input capacitor
* loyr is the output current

The maximum RMS current occurs at the output voltage is half of the input voltage, which gives Icinwrus) = lout /
2. Ceramic capacitors are recommended for their low ESR and high ripple current capability. A total of 20 yF
effective capacitance is a good starting point for this application. Add a 0.1- 1 F/0402 package ceramic capacitor
and place it close to VIN pin and GND pin to suppress high frequency noise.

8.2.2.5 Output Capacitor

In boost mode, the output capacitor conducts high ripple current. The output capacitor RMS ripple current is
given by Equation 15, where the minimum input voltage and the maximum output voltage correspond to the
maximum capacitor current.

| | Vour
COUT(RMS) = louTt X Vo
IN

(15)
where

* lcout(rms) is the RMS current through the output capacitor
* lpyr is the output current

In this example, the maximum output ripple RMS current is 1.15 A.

The ESR of the output capacitor causes an output voltage ripple given by Equation 16 in boost mode.

Vv lourxVour <R
RIPPLE(ESR) = COUT

Vin (16)
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where

* Rcour is the ESR of the output capacitance

The capacitance also causes a capacitive output voltage ripple given by Equation 17 in boost mode. When input
voltage reaches the minimum value and the output voltage reaches the maximum value, there is the largest
output voltage ripple caused by the capacitance.

Vv
louT* <1'V - )
\Yj — ouT
RIPPLE(CAP) —COUTXfSW (17)
Typically, a combination of ceramic capacitors and bulk electrolytic capacitors is needed to provide low ESR,
high ripple current, and small output voltage ripple. From the required output voltage ripple, use Equation 16 and
Equation 17 to calculate the minimum required effective capacitance of the Coyr.

Add a 0.1- 1 F/0402 package ceramic capacitor and place it close to VOUT pin and GND pin to suppress high
frequency noise.

8.2.2.6 Output Current Limit

The output current limit is implemented by putting a current sense resistor between the ISP and ISN pins. The
value of the limit voltage between the ISP and ISN pins is 50 mV. The current sense resistor between the ISP
and ISN pins should be selected to ensure that the output current limit is set high enough for output. The output
current limit setting resistor is given by Equation 18.

Vsns
Rsns = 7———
lout Lmi (18)

where

* Vgns is the current limit setting voltage between the ISP and ISN pins
* lout_LimiT is the desired output current limit

For this application, a 20 mQ current sense resistor is selected and output current limit is set at 2.5A typically.
Because the power dissipation is large, make sure the current sense resistor has enough power dissipation
capability with large package.

8.2.2.7 Loop Stability

The TPS552872 uses average current control scheme. The inner current loop uses internal compensation and
requires the inductor value must be larger than 1.2/fsyy. The outer voltage loop requires an external
compensation. The COMP pin is the output of the internal voltage error amplifier. An external compensation
network comprised of resistor and ceramic capacitors is connected to the COMP pin.

The TPS552872 operates in buck mode or boost mode. Therefore, both buck and boost operating modes
require loop compensations. The restrictive one of both compensations is selected as the overall compensation
from a loop stability point of view. Typically for a converter designed either work in buck mode or boost mode, the
boost mode compensation design is more restrictive due to the presence of a right half plane zero (RHPZ).

The power stage in boost mode can be modeled by Equation 19.

S S
G (s) = RLoapx(1-D) y <1+ 21T><fESRz) ) (1_ 2TT><fRHPz>
PeIT 2xRsense 1+ S
21'[Xfp (19)

where

* Ryoap is the output load resistance
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* D is the switching duty cycle in boost mode
* Rsense is the equivalent internal current sense resistor, which is 0.055 Q

The power stage has two zeros and one pole generated by the output capacitor and load resistance. Use /512
20 to Equation 22 to calculate them.

2
f =
P~ 2mx RLoap*xCour (20)
¢ 1
ESRZ ™ 2nx Reout*Court (21)
f _ Rioapx(1-D)?
RHPZ=" 5 1L (22)

The internal transconductance amplifier together with the compensation network at the COMP pin constitutes the
control portion of the loop. The transfer function of the control portion is shown by Equation 23.

s
_ GeaxReaxVier (1+ 21T><fCOMz)

Ge(s) =
[T (R Fp———
Txtoomp 2nixteompe (23)

where

*  Gga is the transconductance of the error amplifier

* Rea is the output resistance of the error amplifier

* VRer is the reference voltage input to the error amplifier

* Vour is the output voltage

* fcompt and fcomp2 are the pole’” s frequency of the compensation network

* fcomzis the zero’ s frequency of the compensation network

The total open-loop gain is the product of Gpg(s) and G¢(s). The next step is to choose the loop crossover
frequency, fc, at which the total open-loop gain is 1, namely 0 dB. The higher in frequency that the loop gain
stays above 0 dB before crossing over, the faster the loop response. It is generally accepted that the loop gain
cross over 0 dB at the frequency no higher than the lower of either 1/10 of the switching frequency, fgyy or 1/5 of
the RHPZ frequency, frupz-

Then, set the value of R¢, C¢, and Cp by Equation 24 to Equation 26.

R ZHXVOUTXRSENSEXCOUTXfC
¢ (1-D)xVperxGiea (24)

where

» fc is the selected crossover frequency

I:{LOAD X COUT

C =
c 2xR¢ (25)

Coz Rcout*Cour
P Re
c (26)

If the calculated Cp is less than 10 pF, it can be left open.
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Designing the loop for greater than 45° of phase margin and greater than 10-dB gain margin eliminates output
voltage ringing during the line and load transient.
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8.2.3 Application Curves

Typical condition Vi =9 Vto 18 V, Voyt = 12V, Fsw = 2 MHz, temperature = 25°C, unless otherwise noted
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K 8-2. Switching Waveforms in Viy =16 V, Vout =
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K 8-3. Switching Waveforms in Viy =16 V, Voyt =
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& 8-5. Switching Waveforms in Viy =12V, Voyr =
12V, lo =0 A, PFM

Copyright © 2023 Texas Instruments Incorporated

Submit Document Feedback 29

Product Folder Links: TPS552872

English Data Sheet: SLVSHG1


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps552872?qgpn=tps552872
https://www.ti.com.cn/cn/lit/pdf/ZHCSSS8
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSSS8&partnum=TPS552872
https://www.ti.com.cn/product/cn/tps552872?qgpn=tps552872
https://www.ti.com/lit/pdf/SLVSHG1

13 TEXAS

TPS552872 INSTRUMENTS
ZHCSSS8 - AUGUST 2023 www.ti.com.cn

VOUuT

@ SW1
e e | 501 | | |

f I [ ‘ [
! | | | i i | | { i

| 1 | |
&éWZ ' e -/ e e’ - ") ™= '

"‘f‘“"ﬂf’“‘"\."-".."“"'\

B T e i e T a N WL
| $od | | |

G 0 omviary 4 Gyz00m ATV So0nsidiv 50GSis 1T 50.0ps/pt G ooV 4 Gyz00m A /1254 10.0mady 100MSIs  10.0nsipt
@p 1ooviaw fz0.0m Praview

@ 1ooviaw B 20.0M Stopped

10.0viaiv 200M Oscas RL100K 10.0viav 200 304 acqs RLADOM
- -
@ 20N MO By20.0M Auto August04,2023 183800 @ SN 500 820.0M Cons August07,2023 152655
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8-8. Start-up Waveforms in Viy =16 V, Voyt =12 | & 8-9. Shutdown Waveforms in Viy =16 V, Vgout =
V, RLOAD =6 Q, FPWM 12 V, RLOAD =6 Q y FPWM
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K 8-10. Line Transient Waveforms in Viy =9V to Kl 8-11. Load Transient Waveforms in Viy =16 V,

20 V, Vour =12V, I = 2 A with 200-u s Slew Rate, | Vour =12V, Io = 0 A to 2 A with 20- u s Slew Rate,
FPWM FPWM
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& 8-12. Output Current Limit Waveforms in V;y =16 V, Voutr =12V, R oap = 3 @, Rgns =20 mQ, FPWM

8.3 Power Supply Recommendations

The device is designed to operate from an input voltage supply range between 3.0 V to 36 V. This input supply
must be well regulated. If the input supply is located more than a few inches from the converter, additional bulk
capacitance can be required in addition to the ceramic bypass capacitors. A typical choice is an aluminum
electrolytic capacitor with a value of 100 nF.

8.4 Layout
8.4.1 Layout Guidelines

As for all switching power supplies, especially those running at high switching frequency and high currents,
layout is an important design step. If layout is not carefully done, the regulator can suffer from instability and
noise problems.

1.

2.

Place the 0.1- 1 F small package (0402) ceramic capacitors close to the VIN/VOUT pins to minimize high
frequency current loops. This improves the radiation of high-frequency noise (EMI) and efficiency.

Use multiple GND vias near PGND pin to connect the PGND to the internal ground plane. This also
improves thermal performance.

Minimize the SW1 and SW2 loop areas as these are high dv/dt nodes. Use a ground plane under the
switching regulator to minimize interplane coupling.

Use Kelvin connections to RSENSE for the current sense signals ISP and ISN and run lines in parallel from
the RSENSE terminals to the IC pins. Place the filter capacitor for the current sense signal as close to the IC
pins as possible.

Place the BOOT1 bootstrap capacitor close to the IC and connect directly to the BOOT1 to SW1 pins. Place
the BOOT2 bootstrap capacitor close to the IC and connect directly to the BOOT2 and SW2 pins.

Place the VCC capacitor close to the IC with wide and short trace. The GND terminal of the VCC capacitor
should be directly connected with PGND plane through three to four vias.

Isolate the power ground from the analog ground. The PGND plane and AGND plane are connected at the
terminal of the VCC capacitor. Thus the noise caused by the MOSFET driver and parasitic inductance does
not interface with the AGND and internal control circuit.

Place the compensation components as close to the COMP pin as possible. Keep the compensation
components, feedback components, and other sensitive analog circuitry far away from the power
components, switching nodes SW1 and SW2, and high-current trace to prevent noise coupling into the
analog signals.

To improve thermal performance, it is recommended to use thermal vias beneath the TPS552872 connecting
the VIN pin to a large VIN area, and the VOUT pin to a large VOUT area separately.
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8.4.2 Layout Example
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trace on bottom layer

oo oo« AGND plane on an inner layer

The first inner layer is the PGND plane

& 8-13. Layout Example

32 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS552872
English Data Sheet: SLVSHG1


https://www.ti.com.cn/product/cn/tps552872?qgpn=tps552872
https://www.ti.com.cn/cn/lit/pdf/ZHCSSS8
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSSS8&partnum=TPS552872
https://www.ti.com.cn/product/cn/tps552872?qgpn=tps552872
https://www.ti.com/lit/pdf/SLVSHG1

13 TEXAS
INSTRUMENTS TPS552872
www.ti.com.cn ZHCSSS8 - AUGUST 2023

9 Device and Documentation Support

9.1 Device Support
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9.4 Trademarks

HotRod™ and Tl E2E™ are trademarks of Texas Instruments.
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10 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
TPS552872RYQR ACTIVE VQFN-HR RYQ 21 3000 RoHS & Green SN Level-2-260C-1 YEAR  -40to 125 552872

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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o Automotive : TPS552872-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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GENERIC PACKAGE VIEW
RYQ 21 VQFN - 1 mm max height

5x 3, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is 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
RYQO0021A VQFN - 1.0 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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A W@LFLH (OPTIONAL) —=| e5x8:f23 & 0.05D

0.1 |C|A[B
¢ 0.0509
4226658/A 04/2021
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
RYQO0021A VQFN - 1.0 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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¢
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SCALE:18X
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T \__SOLDER MASK L T __METAL UNDER
OPENING ~ = SOLDER MASK

NON SOLDER MASK
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(PREFERRED)

SOLDER MASK
DEFINED

SOLDER MASK DETAILS
4226658/A 04/2021

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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RYQO0021A

EXAMPLE STENCIL DESIGN

VQFN - 1.0 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE

BASED ON 0.125 mm THICK STENCIL

PIN7,8,10 & 11 SOLDER COVERAGE = 88%

PIN 9 SOLDER COVERAGE = 64%
SCALE:20X

4226658/A 04/2021

NOTES: (continued)

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

design recommendations.

i3 Texas
INSTRUMENTS
www.ti.com




ERFRNRREH
THERHFREEEARNTEMELE (8FRER ) . RUTAR (8F2E)1) . MARHEMRTTEN, METE, R22EEMEMER ,
FRIEXAREETREEMATRERNER , SFETR T EH Y., EREARFENER SR FRIBEME =5 MR=RNHERIE
XEFRAEER T @B RITORETRAREA, SFBTREUTE2HRE : (1) HNENNARFESEN TIF R, (2) ®it. B
EHMREHNEA |, (3) BRENNABRZEMMEUAREAEMIERZS, FERE, KERHMER,
XLEFRRMELE  BFZTEH, TI BRENTRXLERRATHARETFEARN TI ~ROMA, FPENXERRHTHBEFHRER.
BEREAEMEM TI DIRFRNBEFAE=F DR, ENEFBRZREXERFNEATY TI REARERNDEARE, B/E, K
K, HENKES , T HEBEFAR.
THRENTRZ T HEERRR ticom LEMBARAZRT FREMHEMEAZTOHIR. T REXERRATLT RIUARMESNER
THEX TIFREARHERNERIIBRETFH.
Tl 33 H B BT RER M E M H AR T RS & .

BRZF it : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024 , EMN{XES (TI) 7]


https://www.ti.com.cn/zh-cn/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

	1 特性
	2 应用
	3 描述
	Table of Contents
	4 Revision History
	5 Pin Configuration and Functions
	6 Specifications
	6.1 Absolute Maximum Ratings
	6.2 ESD Ratings
	6.3 Recommended Operating Conditions
	6.4 Thermal Information
	6.5 Electrical Characteristics
	6.6 Typical Characteristics

	7 Detailed Description
	7.1 Overview
	7.2 Functional Block Diagram
	7.3 Feature Description
	7.3.1 VCC Power Supply
	7.3.2 EXTVCC Power Supply
	7.3.3 Input Undervoltage Lockout
	7.3.4 Enable and Programmable UVLO
	7.3.5 Soft Start
	7.3.6 Shutdown
	7.3.7 Switching Frequency
	7.3.8 Switching Frequency Dithering
	7.3.9 Inductor Current Limit
	7.3.10 Internal Charge Path
	7.3.11 Output Voltage Setting
	7.3.12 Output Current Monitoring and Cable Voltage Droop Compensation
	7.3.13 Output Current Limit
	7.3.14 Overvoltage Protection
	7.3.15 Output Short Circuit Protection
	7.3.16 Power Good
	7.3.17 Constant Current Output Indication
	7.3.18 Thermal Shutdown

	7.4 Device Functional Modes
	7.4.1 PWM Mode
	7.4.2 Power Save Mode


	8 Application and Implementation
	8.1 Application Information
	8.2 Typical Application
	8.2.1 Design Requirements
	8.2.2 Detailed Design Procedure
	8.2.2.1 Switching Frequency
	8.2.2.2 Output Voltage Setting
	8.2.2.3 Inductor Selection
	8.2.2.4 Input Capacitor
	8.2.2.5 Output Capacitor
	8.2.2.6 Output Current Limit
	8.2.2.7 Loop Stability

	8.2.3 Application Curves

	8.3 Power Supply Recommendations
	8.4 Layout
	8.4.1 Layout Guidelines
	8.4.2 Layout Example


	9 Device and Documentation Support
	9.1 Device Support
	9.1.1 第三方产品免责声明

	9.2 接收文档更新通知
	9.3 支持资源
	9.4 Trademarks
	9.5 静电放电警告
	9.6 术语表

	10 Mechanical, Packaging, and Orderable Information



