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TPS53819A High-Performance, Eco-mode™, Single Synchronous
Step-Down Controller with PMBus™
1 Features 2 Applications

» Conversion Input Voltage Range: 3 V to 28 V

* VDD Input Voltage Range: 4.5 V to 28 V

e Output Voltage Range: 0.6 Vto 5.5V

e Supports All Ceramic Output Capacitors

* Reference Voltage: 600 mV +0.5% Tolerance

» 19% Voltage Adjustment via PMBus™

* Built-in 5-V LDO

» D-CAP2™ Mode with 100-ns Load Step
Response

e Auto-Skip Eco-mode™ for Light-Load Efficiency

« Adaptive On-Time Control Architecture With Eight
Selectable Frequencies via PMBus

» Supports Voltage Margining via PMBus

* Programmable Soft-Start Time via PMBus

* Programmable Power-On Delay via PMBus

* Programmable VDD UVLO Level via PMBus

e Fault Report via PMBus

e Pre-Charged Start-Up Capability

* Built-In Output Discharge

* Power Good Output With Programmable Delay

» Internal Overvoltage, Undervoltage, and
Overcurrent Limit Protections

» Thermal Shutdown (Non-Latch)
e 3 mm x 3 mm, 16-pin, QFN Package

» Point-of-Load Power In:
Storage Computers
Server Computers
Multi-Function Printers
Embedded Computing

3 Description

The TPS53819A device is a small-sized, single buck
controller with adaptive on-time D-CAP2 mode control
and PMBus. The device is suitable for low output
voltage and high current, system power rail, or similar
point-of-load (POL) power supply in digital consumer
products. Small package with minimal pin-count
saves space on the PCB, while the programmability
and fault report via PMBus simplify the power supply
design. The skip-mode at light-load condition
combined with strong gate drivers and low-side FET
on-resistance (Rpsn) current sensing can support
low-loss and high efficiency operation, over a broad
load range. The conversion input voltage, which is
the high-side FET drain voltage, ranges from 3 V to
28 V. The supply voltage (VDD) is from 4.5V to 28 V.
The output voltage ranges from 0.6 V to 5.5 V. The
device is available in a 16-pin, QFN package and is
specified from —40°C to 85°C.

Device Information®
PACKAGE BODY SIZE (NOM)
QFN (16) 3.00 mm x 3.00 mm

PART NUMBER
TPS53819A

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Simplified Application
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

RGT Package

16 Pin QFN
Top View
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Pin Functions
PIN
11o® DESCRIPTION
NAME NO.
ADDR 16 | PMBus address configuration. Connect this pin to a resistor divider between VREG and GND to
program different address settings. (See Table 2 for details.)
ALERT 3 (0] Open-drain alert output for the PMBus interface.
DRVH 11 High-side MOSFET floating driver output that is referenced to SW node. The gate drive voltage is
defined by the voltage across bootstrap capacitor between VBST and SW.
Synchronous MOSFET driver output that is referenced to GND. The gate drive voltage is defined by
DRVL 10 (0]
VREG voltage.
EN 14 | Enable pin that can turn on the DC/DC switching converter. EN pin works in conjunction with the CP
bit in PMBus ON_OFF_CONFIG register.
FB 6 | Output voltage feedback input. Connect this pin to a resistor divider between output voltage and
GND.
GND 7 G Ground pin.
PGOOD 15 o Open drain power good status signal. Provides start-up delay time after FB voltage falls within
specified limits. After FB voltage goes out of specified limits, PGOOD goes low within 2 pus.
SCL | Clock input for the PMBus interface.
SDA 2 /10 Data /O for the PMBus interface.
SW 12 P Output switching terminal of power converter. Connect this pin to the output inductor.
OCL detection threshold setting pin. A 10-pA current with a T¢ of 4700ppm/°C is sourced out of the
TRIP 4 1/0 TRIP pin and is used to set the OCL trip voltage as follows:
VocL= V1rip/8 (Vrip =3V, VocL £ 375 mV)
VBST 13 p Supply rail for high-side gate driver (boost terminal). Connect bootstrap capacitor from this pin to SW
node. Internally connected to VREG via bootstrap PMOS switch.
VDD P Controller power supply input.
VO | Output voltage.
VREG P 5-V low-drop-out (LDO) output. Supplies the internal analog and driver circuitry.

(1) I=Input, O=Output, P=Power, G=Ground
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
VBST -0.3 38
VBST® -0.3 6
EN -0.3 7.7
Input voltage @ VO, FB, SCL, SDA, ADDR -0.3 6 \%
VDD -0.3 30
sw DC _ . -3 32
Pulse < 30% of the repetitive period -5 32
DRVH DC -3 38
Pulse < 30% of the repetitive period -5 38
Output voltage @ DRVH®), DRVL -0.3 Y,
ALERT, VREG, TRIP -0.3
PGOOD -0.3 7.7
Junction temperature, T, 150 °C
Storage temperature, Tgyg -55 150 °C

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

(2) All voltage values are with respect to the network ground terminal unless otherwise noted.

(3) Voltage values are with respect to the SW terminal.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001Y +2000 v
(ESD) discharge Charged-device model (CDM), per JEDEC specification JESD22-C101©@ +500

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

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VBST -0.1 35.5
vBST®W 0.1 5.5
EN -0.1 6.5 \Y
Input voltage range VO, FB, SCL, SDA, ADDR -0.1 55
VDD 45 28
DC -3 30
sw " , v
Pulse < 30% of the repetitive period -4.5 30
DC -3 35.5
DRVH — - \Y,
Pulse < 30% of the repetitive period -4.5 355
Output voltage range DRVH®, DRVL -0.1 5.5 \Y
ALERT, VREG -0.1 55 \Y
PGOOD -0.1 6.5 \Y
Operating free-air temperature, Tp -40 85 °C

(1) Voltage values are with respect to the SW terminal.
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6.4 Thermal Information

TPS53819A
THERMAL METRIC® RGT (QFN) UNIT
16 PINS
Rgia Junction-to-ambient thermal resistance 51.3 °C/W
ReaJc(top) Junction-to-case (top) thermal resistance 85.4 °C/W
Reis Junction-to-board thermal resistance 20.1 °C/W
Wit Junction-to-top characterization parameter 1.3 °C/W
Wis Junction-to-board characterization parameter 194 °C/W
Raic(bot) Junction-to-case (bottom) thermal resistance 6.0 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.5 Electrical Characteristics
over operating free-air temperature range, Vygreg = 5 V, Vgy = 5 V (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY CURRENT
Ta = 25°C, no load, power
lvbp VDD bias current conversion enabled (no 920 HA
switching)
Ta = 25°C, no load, power
lvbDsTBY VDD standby current conversion disabled 610 MA
INTERNAL REFERENCE AND FEEDBACK REGULATION VOLTAGE
Veg Feedback regulation voltage | FB w/r/t GND, CCM condition 600 mV
VesTOL Feedback voltage tolerance gSB%v/r/t GND, 0°C =T, = 597 600 603 mV
FB w/r/t GND, 0°C < Tp <
VpacToL1 DAC voltage tolerance 1 85°C, all settings with -4.8 4.8 mV
VOUT_ADJUSTMENT only
FB w/r/t GND, 0°C < Tp <
VpacToL2 DAC voltage tolerance 2 85°C, all settings with -4.8 4.8 mV
VOUT_MARGIN only
FB w/r/t GND, 0°C < Tp <
85°C, with
VpacToL3 DAC voltage tolerance 3 VOUT_ADJUSTMENT = 0Dh -4.8 4.8 mV
and VOUT_MARGIN = 70h
for +5%
FB w/r/t GND, 0°C < Tp <
85°C, with
VpacToLa DAC voltage tolerance 4 VOUT_ADJUSTMENT = 13h -4.8 4.8 mV
and VOUT_MARGIN = 07h
for -5%
v Loop comparator input offset Vorr 10 Ven. Ta = 25°C 25 25 mv
I0S_LPCMP voltage REF FB: A= - .
Irg FB pin input current Veg = 600 mV -1 1 HA
OUTPUT VOLTAGE
) Vyo = 0.5V, power
lvopis VO discharge current conversion disabled 10 12 mA
DRIVER
Source, | =50 mA 1.6
RpRrvH DRVH resistance - ERVH
Slnk, IDRVH =50 mA 0.6 0
. Source, Ipry. = 50 mA 0.9
RprvL DRVL resistance -
Sink, IpryL = 50 mA 0.5
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Electrical Characteristics (continued)

over operating free-air temperature range, Vygreg = 5 V, Vgy = 5 V (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX UNIT
INTERNAL BOOT STRAP SWITCH
\V/ Forward voltage ?L/C\J’RHE](XVBST’ Ta=25°C,lg = 0.1 0.2 \Y
lvesT VBST leakage current IAZZ \Z/SOC’ Vvest = 33V, Vsw 0.01 15 pA
ENABLE LOGIC THRESHOLD
A EN low-level voltage 0.5 \%
Vy EN high-level voltage 1.8 \%
VhysT EN hysteresis voltage 0.22 \%
ILEAK EN input leakage current -1 0 1 MA
POWER GOOD COMPARATOR
PGOOD in from higher 105% 108% 111%
PGOOD in from lower 89% 92% 95%
VpGTH Powergood threshold -
PGOOD out to higher 113% 116% 119%
PGOOD out to lower 81% 84% 87%
Ipg PGOOD sink current Vpgoop = 0.5V 6.9 mA
lpeLK PGOOD leakage current Vpgoop = 5.0 V -1 0 1 MA
CURRENT DETECTION
ItriP TRIP source current ;/;;Oi)sosgr’];/igglp =04V, 9 10 11 pA
TCrmme temporature coefiient( | Rosion sensing 4700 ppI“C
Virip TRIP voltage range Rps(on) Sensing 0.2 3 \%
V1rip = 3.0 V, Rps(on) Sensing 360 375 390
VocLp Positive current limit threshold | Virip = 1.6 V, Rps(on) S€Nsing 190 200 210 mV
V1rip = 0.2V, Rps(on) SeNsing 20 25 30
) o V1rip = 3.0 V, Rps(on) SeNsing -390 -375 -360
VooLn mfgsrt]'(‘)’% current limit Vrrip = 1.6 V, Rps(on) SENsing 212 -200 188 mv
V1rip = 0.2V, Rps(on) SeNsing -30 -25 -20
Vzc Zero cross detection offset 0 mV
PROTECTIONS
VVREGUVLO VREG UVLO threshold Wake-up 3.32 v
voltage Shutdown 3.11
Vovp OVP threshold voltage OVP detect voltage 117% 120% 123%
tovepLY OVP propagation delay time | With 100-mV overdrive 430 ns
Vyvp UVP threshold voltage UVP detect voltage 65% 68% 71%
THERMAL SHUTDOWN
Shutdown temperature 140
Tson Thermal shutdown threshold - °C
Hysteresis 40
LDO VOLTAGE
VREG LDO output voltage Vin=12V, I oap = 10 mA 4.5 5 5.5 \%
Voovree \I;clﬂggllzw droop drop-out \T/LN=:2AE§CV’ lLoap = 30 MmA, 365 mv
|LDO(max) LDO overcurrent limit™® Viy =12V, Tp = 25°C 152 mA
(1) Specified by design. Not production tested.
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Electrical Characteristics (continued)

over operating free-air temperature range, Vygreg = 5 V, Vgy = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
VDD UVLO VOLTAGE
VDDINUVLO<2:0> = 0xx 10.2
VDDINUVLO<2:0> = 101 4.1 4.25 4.4
VDDyyvio VDD UVLO voltage \%
VDDINUVLO<2:0> = 110 6.0
VDDINUVLO<2:0> = 111 8.1
VDDyy.uvio VDD UVLO hysteresis voltage | 0°C < T; < 85°C 0.2 \%
PMBus SCL and SDA INPUT BUFFER LOGIC THRESHOLDS
SCL and SDA low-level input o o
V|L-PMBUS Voltage® PUt 1 oec < T, < 85°C 0.8 Vv
SCL and SDA high-level input | -, o
VlH-PMBUS Voltage(l) 9 P 0°Cs TJ <85°C 2.1 \
SCL and SDA hysteresis o o
VHy-PMBUS Voltage(l) Y 0°C=< T;= 85°C 240 mV
PMBus SDA and ALERT OUTPUT PULLDOWN
=5 Y, =55V
SDA and ALERT low-level DDPMBus e
VoLi-pueus output voltage ™ RPELLUP =11k, 0°C=Ty< 04 v
85°C
Y, =36V
SDA and ALERT low-level DDPMBus e
Voizpusus output voltage @ gg%wp =0.7kQ, 0°C=T;s 0.4 %
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6.6 Timing Requirements
MIN NOM MAX UNIT
POWER-ON DELAY
Delay from enable to switching
POD<2:0> = 000 356 bs
Delay from enable to switching
POD<2:0> = 001 612 HS
Delay from enable to switching
POD<2:0> = 010 1.124 ms
Delay from enable to switching
_ POD<2:0> = 011 2148 ms
tpoDLY Power-on delay time —
Delay from enable to switching 4.196 ms
POD<2:0> = 100 ’
Delay from enable to switching
POD<2:0> = 101 8.292 ms
Delay from enable to switching
POD<2:0> = 110 16.48 ms
Delay from enable to switching
POD<2:0> = 111 32.86 ms
PGOOD DELAY
Delay for PGOOD going in
PGD<2:0> = 000 165 256 3200 ws
Delay for PGOOD going in
PGD<2:0> = 001 409 512 614 HS
Delay for PGOOD going in
PGD<2:0> = 010 0.819 1.024 1.228 ms
Delay for PGOOD going in
. PGD<2:0> = 011 1.638 2.048 2.458 ms
tpeDLY PGOOD delay time Del for PGOOD ; N
elay for going in
PGD<2:0> = 100 3.276 4.096 4915 ms
Delay for PGOOD going in
PGD<2:0> = 101 6.553 8.192 9.83 ms
Delay for PGOOD going in
PGD<2:0> = 110 13.104 16.38 19.656 ms
Delay for PGOOD going in
PGD<2:0> = 111 105 131 157 ms
Delay for PGOOD coming out 2 us
SOFT START TIME
SST<1:0> =00 1.0
. SST<1:0> =01 2.0
tss Soft-start time ms
SST<1:0> =10 4.0
SST<1:0> =11 8.0
FREQUENCY CONTROL
toFF(min) Minimum off-time DRVH falling to rising 320 ns
toN(min) Minimum on-time () DRVH rising to falling 60 ns
PROTECTIONS
tuvpDLY UVP filterdelay time 1 ms
DRIVER
. DRVH-off to DRVL-0n 10
tbEAD Dead time ns
DRVL-off to DRVH-on 20
(1) Specified by design. Not production tested.
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6.7 Switching Characteristics
over operating free-air temperature range V,y = 12 V, Vo = 3.3 V(unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
FREQUENCY CONTROL
FS <2:0> =000 275
FS <2:0> =001 325
FS <2:0> =010 425
. o FS <2:0> =011 525
fsw VO pin switching frequency FS <2:0> = 100 o kHz
FS <2:0>=101 750
FS <2:0> =110 850
FS <2:0> =111 1000
Copyright © 2012-2015, Texas Instruments Incorporated Submit Documentation Feedback 9
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6.8 Typical Characteristics
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Figure 3. OVP/UVP Thresholds vs Temperature

1400 800
fo"] —
// 700 //
1200 —— —
" —~ //
- —| < 600 —
< 1000 > =2 //
=2 e "1
= P § 500 =
& 800 |- 5
8 O 400
3. 600 E
g é 300
@ 400 & 200
No Load No Load
200 Ven=5V 100 Ven=0V
Vypp = 12V Vypp = 12V
0 0
-40 -25 -10 5 20 35 50 65 80 95 110 125 -40 -25 -10 5 20 35 50 65 80 95 110 125
Temperature (°C) G001 Temperature (°C) 002
Figure 1. VDD Supply Current vs Temperature Figure 2. VDD Shutdown Current vs Temperature
140 16
120 14
S —
S 12
= 100 =<
° <
2 2 10 //
g 8 5 ul
£ S ]
g 5 8 /'
a 60 O
> o 6
2 x
o 40 [
>
3 4
20 — OVP 2
— UVP Vypp = 12V

0
-40 -25 -10 5 20 35 50 65 80 95 110 125
Temperature (°C) 004

Figure 4. TRIP Pin Current vs Temperature
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Figure 5. No-Load Start-Up Waveforms with DCM
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Figure 6. No-Load Start-Up Waveforms with FCCM
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Typical Characteristics (continued)
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Figure 7. Full-Load Start-Up Waveforms
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Typical Characteristics (continued)
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Figure 13. No-Load UVLO Start-Up Waveforms Figure 14. Full-Load UVLO Start-Up Waveforms
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Figure 15. 1.2-V Output Ripple with FCCM Figure 16. 1.2-V Output Ripple with DCM
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Figure 17. CCM to DCM Transitions Figure 18. DCM to CCM Transitions
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Typical Characteristics (continued)
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Figure 19. FCCM Load Transients
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Figure 20. DCM Load Transients
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Typical Characteristics (continued)
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Figure 25. Switching Frequency vs. Output Current
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Figure 26. Switching Frequency vs. Output Current
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Figure 27. Switching Frequency vs. Output Current
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Figure 28. Switching Frequency vs. Output Current
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Figure 29. Output Voltage vs. Input Voltage
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Figure 30. Output Voltage vs. Output Current
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Typical Characteristics (continued)
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Figure 31. Efficiency vs. Output Current Figure 32. Efficiency vs. Output Current
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7 Detailed Description

7.1 Overview

The TPS53819A is a high-efficiency, single-channel, synchronous buck regulator controller that uses the PMBus
protocol. It is suitable for low output voltage, point-of-load applications in computing and similar digital consumer
applications. The device features proprietary D-CAP2 mode control combined with adaptive on-time architecture.
This combination is ideal for building modern low duty-ratio and ultra-fast load step response DC-DC converters.
The output voltage ranges from 0.6 V to 5.5 V. The conversion input voltage range is from 3 V to 28 V. The D-
CAP2 mode uses emulated current information to control the loop modulation. One advantage of this control
scheme is that it does not require an external phase compensation network, which makes it easy to use. It also
allows for a low external component count. The switching frequency is selectable from eight preset values
through the PMBus interface. Adaptive on-time control tracks the preset switching frequency over a wide range
of input and output voltages while increasing the switching frequency as needed during load step transient.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Enable and Soft-Start

When the EN pin voltage rises above the enable threshold voltage and/or ON_OFF bit is set via PMBus
according to the setting in OPERATION command, the controller enters a start-up sequence. After a
programmed power-on-delay duration from 0.35 ms to 32.86 ms, the internal DAC starts ramping up the
reference voltage from 0 V to a target voltage (typically 0.6 V) with the programmed soft-start time from 1 ms to 8
ms. The device maintains a smooth and constant output voltage ramp-up during start-up regardless of load
current.

7.3.2 Adaptive On-Time Control

The TPS53819A does not have a dedicated oscillator. The device operates with a pseudo-constant frequency by
feed-forwarding the input and output voltages into the on-time one-shot timer. The adaptive on-time control
adjusts the on-time to be inversely proportional to the input voltage and proportional to the output voltage (toy
Vout/Vin)- This makes the switching frequency fairly constant in steady state conditions over a wide input voltage
range. The switching frequency is selectable from 275 kHz to 1 MHz via PMBus (FREQUENCY_CONFIG).

7.3.3 Zero Crossing Detection

The TPS53819A uses a low offset comparator to detect SW node zero crossing event in order to optimize turn-
off timing of low-side MOSFET.

7.3.4 Output Discharge Control

When the EN pin voltage falls below the enable threshold voltage and/or ON_OFF bit is reset via PMBus
according to the setting in OPERATION command, the TPS53819A discharges output capacitor using internal
MOSFET connected between the VOUT pin and the GND pin while the high-side and low-side MOSFETs are
maintained in the OFF state. The typical discharge resistance is 40 Q.

7.3.5 Low-Side Driver

The low-side driver is designed to drive high-current, low-Rpsn), N-channel MOSFETs. The drive capability is
represented by the internal resistance, which is 0.9 Q for VREG to DRVL and 0.5 Q for DRVL to GND. A dead-
time period to prevent shoot through is internally generated between high-side MOSFET OFF to low-side
MOSFET ON, and low-side MOSFET OFF to high-side MOSFET ON. The 5-V, VREG supply voltage delivers
the bias voltage. A bypass capacitor connected between the VREG and GND pins supplies the instantaneous
drive current. Equation 1 shows the average low-side gate drive current.

loL =CoL x Vvpry * fsw )

7.3.6 High-Side Driver

The high-side driver drives high current, low Rpg(on) » N-channel MOSFETs. When configured as a floating driver,
the VREG pin supply delivers the bias voltage. Equation 2 shows the average high-side gate current.

lsn = Car x Vypry *few @

The flying capacitor between the VBST and SW pins supplies the instantaneous drive current. The internal
resistance, which is 1.6 Q for VBST to DRVH and 0.6 Q for DRVH to SW represents the drive capability.
Equation 3 calculates the driver power dissipation required for the TPS53819A

Porv = (oL +laH )x Vwpry )

7.3.7 Power Good

The TPS53819A indicates the switcher output is within the target range when the power-good output is high. The
power-good function activates after the soft-start operation has finished. If the output voltage comes within +8%
of the target value, internal comparators detect power-good state and the power-good signal becomes high after
a programmed delay time between 0.25 ms and 131 ms. If the output voltage goes outside of +16% of the target
value, the power-good signal becomes low after a 2-us internal delay. The power-good output is an open drain
output and must be pulled up externally.
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Feature Description (continued)
7.3.8 Current Sense and Overcurrent Protection

TPS53819A has cycle-by-cycle overcurrent limiting control. The inductor current is monitored during the OFF
state and the controller maintains the OFF state during the period when inductor current is larger than the
overcurrent trip level. In order to provide both good accuracy and cost effective solution, TPS53819A supports
temperature compensated MOSFET on-resistance (Rps(n) sensing. The TRIP pin should be connected to GND
through the trip voltage setting resistor, Rtgp. The TRIP terminal sources Itgp current, which is 10 pA typically at
room temperature, and the trip level is set to the OCL trip voltage Vige as shown in Equation 4. Note that the
V1grip is limited up to approximately 3 V internally.

Vrrip (MV) =Rrrp (kQ)x lrrip (LA) @

The inductor current is monitored by the voltage between GND pin and SW pin so that SW pin should be
properly connected to the drain terminal of the low-side MOSFET. The TRIP current has a 4700-ppm/°C
temperature slope to compensate the temperature dependency of the on-resistance. The device uses the GND
pin as the positive current sensing node. As the comparison occurs during the OFF state, Vigp sets the valley
level of the inductor current. Thus, the average load current at the overcurrent threshold, Iocp, is calculated as
shown in Equation 5.

ViR INDeipple) . VR 1 (Min = Vout )x Vour
(BxRoson) 2 (BxRosen) 2xLxfsw Vin 5)

In an overcurrent condition, the load current exceeds the inductor current delivered to the output capacitor, thus
the output voltage tends to fall. Eventually, it crosses the undervoltage protection threshold and the device shuts
down. If hiccup mode is selected, then after a hiccup delay time (8.96 ms + 7x programmed soft-start time), the
controller restarts. If the overcurrent condition remains, the procedure is repeated and the device enters hiccup
mode. During the CCM, the negative current limit (NCL) protects the external FET from carrying too much
current. The OCLN detect threshold is set at the same absolute value as positive current limit (OCLP) but with
negative polarity. Note that the threshold still represents the valley value of the inductor current. When an OCLP
or OCLN event occurs, the corresponding fault signals (IOUT_OC and IOUT) of the STATUS_WORD register is
latched to indicate the faults and can be read via PMBus.

locp =

7.3.9 Overvoltage and Undervoltage Protection

TPS53819A monitors a resistor divided feedback voltage to detect overvoltage and undervoltage conditions.
When the feedback voltage becomes lower than 68% of the target voltage, the undervoltage protection (UVP)
comparator output goes high and an internal UVP delay time counter begins counting. After 1 ms, the device
turns OFF both high-side and low-side MOSFETs drivers. If the hiccup mode is selected, then the controller
restarts after a hiccup delay time (8.96 ms + 7 x programmed soft-start time). This function is enabled after the
soft-start operation is completed. When the feedback voltage becomes higher than 120% of the target voltage,
the overvoltage protection (OVP) comparator output goes high and the circuit latches OFF the high-side
MOSFET driver and latches ON the low-side MOSFET driver. If the sensed inductor current reaches the negative
current limit, then the low-side MOSFET driver is turned OFF, and high-side MOSFET driver is turned ON with
an appropriate on-time to limit the inductor current while the output voltage discharges.

7.3.10 Out-of-Bound Protection

TPS53819A has an out-of-bound (OOB) overvoltage protection that tries to protect the output load at a much
lower overvoltage threshold of 8% above the target voltage. OOB protection does not trigger an overvoltage fault,
so the device is not latched off after an OOB event. OOB protection is intended as an early no-fault overvoltage
protection mechanism, in addition to the official overvoltage protection as described in the Overvoltage and
Undervoltage Protection section.

7.3.11 UVLO Protection

The TPS53819A has VDD undervoltage lockout protection (UVLO). When the VDD voltage is lower than the
programmed UVLO threshold voltage, the switch mode power supply shuts OFF. This is a non-latch protection,
but if VDD UVLO occurs when the switcher is enabled by either EN pin or ON_OFF bit via PMBus, the
corresponding fault signals (VIN_UV and INPUT) of the STATUS_WORD register latch off to indicate the fault
condition, and can be read via PMBus.
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Feature Description (continued)
7.3.12 Thermal Shutdown

The TPS53819A has an over-temperature protection feature. If the temperature exceeds the threshold value
(typically 140°C), the device is shut OFF. This is a non-latch protection, but when the temperature exceeds the
threshold value, the corresponding fault signal (TEMP) of the STATUS_WORD register latches off to indicate the
fault condition, and can be read via PMBus.

7.4 Device Functional Modes

7.4.1 Light-Load Condition in Auto-Skip Operation (Eco-mode)

If the discontinuous conduction mode (DCM) is selected via PMBus (MODE_SOFT_START_CONFIG),
TPS53819A automatically reduces the switching frequency at light-load conditions to maintain high efficiency.
Specifically, as the output current decreases from heavy load condition, the inductor current is also reduced and
eventually comes to the point that its ripple valley current touches zero level, which is the boundary between
continuous conduction mode (CCM) and discontinuous conduction mode (DCM). The synchronous MOSFET is
turned OFF when this zero inductor current is detected. As the load current further decreases, the converter runs
into DCM.

NOTE
The zero current must be detected for at least 16 switching cycles to switch from CCM to
DCM.

The on-time remains almost the same as continuous conduction mode so that it takes longer time to discharge
the output capacitor with smaller load current to the reference voltage level. The transition point to the light-load
operation loyrqy (i.€., the threshold between continuous and discontinuous conduction mode) is calculated in
Equation 6.

1 y (Mn — Vout )*x Vour

I =
OUT(LL) = 53 L fayy Vin
where
+ fgy is the PWM switching frequency (6)

Switching frequency versus output current in the light-load condition is a function of L, V|y and Vgyr, but it
decreases almost proportionally to the output current when below the Ioyr) given in Equation 6. For example, it
is 65 kHz at lo /5 if the frequency setting is 325 kHz.

7.4.2 Forced Continuous Conduction Mode

When the forced continuous conduction mode (FCCM) is selected via PMBus (MODE_SOFT_START_CONFIG),
the controller maintains continuous conduction mode even in light-load condition. In FCCM mode, switching
frequency maintains a constant level over the entire load range which is suitable for applications that need tight
control of the switching frequency at a cost of lower efficiency. During the soft-start time, the controller maintains
discontinuous conduction mode, and then switches to continuous conduction mode if FCCM is selected after the
soft-start operation is completed.

7.4.3 D-CAP2™ Mode

From small-signal loop analysis, a buck converter using D-CAP2™ mode control architecture can be simplified
as shown in Figure 33.
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Device Functional Modes (continued)
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Figure 33. Simplified Modulator Using D-CAP2™ Control Architecture

The D-CAP2 control architecture in TPS53819A includes an internal ripple generation network enabling the use
of very low-ESR output capacitors such as multi-layer ceramic capacitors (MLCC). No external current sensing
networks or compensators are required with D-CAP2 control architecture in order to simplify the power supply
design. The role of the internal ripple generation network is to emulate the ripple component of the inductor
current information and then combine it with the voltage feedback signal. Vgors is the internal offset to
compensate the offset caused by the internal ripple, and the typical Vg value is 4 mV. The 0-dB frequency of
the D-CAP2 architecture can be approximated as shown in Equation 7.

_ Rc1 XCC'] X06X(067+D)
B 27I><G><LX XCOUT XVOUT

fo

where

* G is gain of the amplifier which amplifies the ripple current information generated by the network
« D is the duty ratio (1)

The typical G value is 0.25. The R¢1C¢; time constant value varies according to the selected switching frequency
as shown in Table 1.

Table 1. Switching Frequency Selection

SWITCHING FREQUENCY (kHz) | RciCci TIME CONSTANT (us)
275
75
325
425
62
525
625
48
750
850
36
1000
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In order to secure enough phase margin, consider that f, should be lower than 1/3 of the switching frequency, but
is also higher than 5 times the f-, as shown in Equation 8.

f
5><f02 Sfo S%

where
* fc, is determined by the internal network of R, and C, (1.4 kHz typ) (8)

This example describes a DC-DC converter with an input voltage range of 12-V and an output voltage of 1.2-V. If
the switching frequency is 525 kHz and the inductor is given as 0.44uH, then Cqt should be larger than 197 uF,
and also be smaller than 4.9 mF based on the design requirements. The characteristics of the capacitors should
be also taken into considerations. For MLCC, use X5R or better dielectric and take into account derating of the
capacitance by both DC bias and AC bias. When derating by DC bias and AC bias are 80% and 50%,
respectively, the effective derating is 40% because 0.8 x 0.5 = 0.4. The capacitance of specialty polymer
capacitors may change depending on the operating frequency. Consult capacitor manufacturers for specific
characteristics.

7.5 Programming

7.5.1 PMBus General Descriptions

The TPS53819A has seven internal custom user-accessible 8-bit registers. The PMBus interface has been
designed for program flexibility, supporting a direct format for write operation. Read operations are supported for
both combined format and stop separated format. While there is no auto increment or decrement capability in the
TPS53819A PMBus logic, a tight software loop can be designed to randomly access the next register, regardless
of which register was accessed first. The START and STOP commands frame the data packet and the REPEAT
START condition is allowed when necessary.

The device can operate in either standard mode (100 kb/s) or fast mode (400 kb/s).

7.5.2 PMBus Slave Address Selection

The seven-bit slave address is 001A3A,A1AX, Where AzAA1Aq is set by the ADDR pin on the device. Bit O is the
data direction bit, i.e., 001A;A,A;Aq0 is used for write operation and 001AzA,A;Aql is used for read operation.

7.5.3 PMBus Address Selection

The TPS53819A allows up to 16 different chip addresses for PMBus communication, with the first three bits fixed
as 001. The address selection process is defined by the resistor divider ratio from VREG pin to ADDR pin, and
the address detection circuit starts to work only after VDD input supply has risen above its UVLO threshold. The
table below lists the divider ratio and some example resistor values. The 1% tolerance resistors with typical
temperature coefficient of +100ppm/°C are recommended. Higher performance resistors can be used if tighter
noise margin is required for more reliable address detection, as shown in Table 2.
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Table 2. PMBus Address Selection Settings

PMBUS RESISTOR AT HIGH-SIDE LOW-SIDE
ADORESS DIVIDER RANGE ANGE | RS
Low | HIGH

0011111 > 0.557 — 1 300
0011110 0.509 0.4958 | 05247 160 165
0011101 0.461 0.4482 | 04772 180 154
0011100 0.416 0.4073 | 0.4294 200 143
0011011 0.375 0.3662 | 0.3886 200 120
0011010 0.334 0.3249 | 03476 220 110
0011001 0.207 0.2905 | 0.3067 249 105
0011000 0.263 0.2560 | 0.2725 249 88.7
0010111 0.229 0.2215 | 0.2385 240 715
0010110 0.195 0.1870 | 0.2044 249 60.4
0010101 0.160 0.1524 | 0.1703 249 475
0010100 0.126 0.1179 | 0.1363 249 36.0
0010011 0.096 0.0900 | 0.1024 255 27.0
0010010 0.068 0.0622 | 0.0752 255 18.7
0010001 0.041 0.0340 | 0.0480 270 115
0010000 <0013 — 300 1

7.5.4 Supported Formats
The supported formats are described in this section.

7.5.4.1 Direct Format: Write

The simplest format for a PMBus write is direct format. After the start condition [S], the slave chip address is
sent, followed by an eighth bit indicating a write. The TPS53819A then acknowledges that it is being addressed,
and the master responds with an 8-bit register address byte. The slave acknowledges and the master sends the
appropriate 8-bit data byte. Again the slave acknowledges and the master terminates the transfer with the stop
condition [P].

7.5.4.2 Combined Format: Read

After the start condition [S], the slave chip address is sent, followed by an eighth bit indicating a write. The
TPS53819A then acknowledges that it is being addressed, and the master responds with an 8-bit register
address byte. The slave acknowledges and the master sends the repeated start condition [Sr]. Again the slave
chip address is sent, followed by an eighth bit indicating a read. The slave responds with an acknowledge
followed by previously addressed 8 bit data byte. The master then sends a non-acknowledge (NACK) and finally
terminates the transfer with the stop condition [P].

7.5.4.3 Stop-Separated Reads

Stop-separated read features are also available. This format allows a master to initialize the register address
pointer for a read and return to that slave at a later time to read the data. In this format the slave chip address
followed by a write bit are sent after a start [S] condition. The TPS53819A then acknowledges it is being
addressed, and the master responds with the 8-bit register address byte. The master then sends a stop or restart
condition and may then address another slave. After performing other tasks, the master can send a start or
restart condition to the device with a read command. The device acknowledges this request and returns the data
from the register location that had been set up previously.

7.5.5 Supported PMBus Commands

The TPS53819A supports the PMBus commands shown in Table 1 only. Not all features of each PMBus
command are supported. The CLEAR_FAULTS, STORE _DEFAULT_ALL and RESTORE_DEFAULT ALL
commands have no data bytes. The non-volatile memory (NVM) cells inside the TPS53819A can permanently
store some registers.
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Table 3. Supported PMBus Commands

COMMAND

NOTES

OPERATION

Turn on or turn off switching converter only

ON_OFF_CONFIG

ON/OFF configuration

CLEAR_FAULTS

Clear all latched status flags

WRITE_PROTECT

Control writing to the PMBus device

STORE_DEFAULT_ALL

Store contents of user-accessible registers to non-volatile memory cells

RESTORE_DEFAULT_ALL

Copy contents of non-volatile memory cells to user-accessible registers

STATUS_WORD

PMBus read-only status and flag bits

CUSTOM_REG

MFR_SPECIFIC_00 (Custom Register 0):

Custom register

DELAY_CONTROL

MFR_SPECIFIC_01 (Custom Register 1):

Power on and power good delay times

MODE_SOFT_START_CONFIG

MFR_SPECIFIC_02 (Custom Register 2):

Mode and soft-start time

FREQUENCY_CONFIG

MFR_SPECIFIC_03 (Custom Register 3):

Switching frequency control

VOUT_ADJUSTMENT

MFR_SPECIFIC_04 (Custom Register 4):

Output voltage adjustment control

VOUT_MARGIN

MFR_SPECIFIC_05 (Custom Register 5):

Output voltage margin levels

UVLO_THRESHOLD

MFR_SPECIFIC_06 (Custom Register 6):

Turn-on input voltage UVLO threshold

7.5.6 Unsupported PMBus Commands

Do not send any unsupported commands to the TPS53819A. Even though the device receives an unsupported
commands, it can acknowledge the unsupported commands and any related data bytes by properly sending the
ACK bits. However, the device ignores the unsupported commands and any related data bytes, which means
they do not affect the device operation in any way. Although the TPS53819A may acknowledge but ignore
unsupported commands and data bytes, it can however, set the CML bit in the STATUS_BYTE register and then
pull down the ALERT pin to notify the host. For this reason, unsupported commands and data bytes should not

be sent to TPS53819A.
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7.6 Register Maps

7.6.1 OPERATION [01h] (R/W Byte)
The TPS53819A supports only the functions of the OPERATION command shown in Table 4.

Table 4. OPERATION Command Supported Functions

COMMAND DEFINITION DESCRIPTION NVM

OPERATION<7> ON_OFF 0 turn off sw!tch!ng converter o
1: turn on switching converter

OPERATION<6> — not supported and don't care —

00xx: turn off output voltage margin function

0101: turn on output voltage margin low and ignore fault
OPERATION<5:2> OPMARGIN<3:0> 0110: turn on output voltage margin low and act on fault —
1001: turn on output voltage margin high and ignore fault
1010: turn on output voltage margin high and act on fault
OPERATION<1> — not supported and don't care —

OPERATION<0> — not supported and don't care —

7.6.2 ON_OFF_CONFIG [02h] (R/W Byte)
The TPS53819A supports only the functions of the ON_OFF_CONFIG command shown in Table 5.

Table 5. ON_OFF_CONFIG Command Supported Functions

COMMAND DEFINITION DESCRIPTION NVM
ON_OFF_CONFIG<7> | — not supported and don't care —
ON_OFF_CONFIG<6> | — not supported and don't care —
ON_OFF_CONFIG<5> | — not supported and don't care —
ON_OFF_CONFIG<4> | PU not supported and always set to 1 —

0: ignore ON_OFF bit (OPERATION<7>)®)
1: act on ON_OFF bit (OPERATION<7>)

0: ignore EN pin
1: act on EN pin®

ON_OFF_CONFIG<1> | PL not supported and always set to 1 —
ON_OFF_CONFIG<0> | SP not supported and always set to 1 —

ON_OFF_CONFIG<3> | CMD Yes

ON_OFF_CONFIG<2> | CP Yes

(1) TI default.

Conditions required to enable the switcher:

» If CMD is cleared and CP is set, then the switcher can be enabled only by the EN pin.

» If CMD is set and CP is cleared, then the switcher can be enabled only by the ON_OFF bit (OPERATION<7>)
via PMBus.

e If both CMD and CP are set, then the switcher can be enabled only when both the ON_OFF bhit
(OPERATION<7>) and the EN pin are commanding to enable the device.

e If both CMD and CP are cleared, then the switcher is automatically enabled after the ADDR detection
sequence completes, regardless of EN pin and ON_OFF bit polarities.
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7.6.3 WRITE_PROTECT [10h] (R/W Byte)

The WRITE PROTECT command is used to control writing to the PMBus device. The intent of this command is
to provide protection against accidental changes. This command has one data byte as described in Table 6.

Table 6. WRITE_PROTECT Command Supported Functions

COMMAND DEFINITION DESCRIPTION NVM
R Disable all writes, except the
10000000- WRITE_PROTECT command. -
Disable all writes, except the
01000000: WRITE_PROTECT and OPERATION —
commands.
WRITE_PROTECT<7:0> WP<7:0> . .
- Disable all writes, except the
00100000: WRITE_PROTECT, OPERATION, and —
ON_OFF_CONFIG commands.
00000000: Enable writes to all commands. —
Others: Fault data —

7.6.4 CLEAR_FAULTS [03h] (Send Byte)

The CLEAR_FAULTS command is used to clear any fault bits in the STATUS_WORD and STATUS_BYTE
registers that have been set. This command clears all bits in all status registers. Simultaneously, the TPS53819A
releases its ALERT signal output if the device is asserting the ALERT signal. If the fault condition is still present
when the bit is cleared, the fault bits shall immediately be set again, and the ALERT signal should also be re-
asserted.

The CLEAR_FAULTS does not cause a unit that has latched off for a fault condition to restart. Units that have

been shut down for a fault condition can be restarted with one of the following conditions.

» The output is commanded through the EN pin and/or ON_OFF bit based on the ON_OFF_CONFIG setting to
turn off and then to turn back on.

e VDD power is cycled for TPS53819A

The CLEAR_FAULT command is used to clear the fault bits in the STATUS_WORD and STATUS_BYTE
commands, and to release the ALERT pin. It is recommended not to send CLEAR_FAULT command when there
is no fault to cause the ALERT pin to pull down.

7.6.5 STORE_DEFAULT ALL [11h] (Send Byte)

The STORE_DEFAULT_ALL command instructs TPS53819A to copy the entire contents of the operating
memory to the corresponding locations in the NVM. The updated contents in the non-volitie memory (NVM)s
become the new default values. The STORE_DEFAULT_ALL command can be used while the device is
operating. However, the device may be unresponsive during the copy operation with unpredictable results. (see
PMBus Power System Management Protocol Specificaiton, Part Il - Command Language, Revision, 1.2, 6 Sept.
2010. www.powerSIG.org). It is recommended not to exceed 1000 write/erase cycles for non-volatile memory
(NVM).

7.6.6 RESTORE_DEFAULT_ALL [12h] (Send Byte)

The RESTORE_DEFAULT_ALL command instructs TPS53819A to copy the entire contents of the NVMs to the
corresponding locations in the operating memory. The values in the operating memory are overwritten by the
value retrieved from the NVM. It is permitted to use the RESTORE_DEFAULT_ALL command while the device is
operating. However, the device may be unresponsive during the copy operation with unpredictable results.
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7.6.7 STATUS_WORD [79h] (Read Word)

The TPS53819A does not support all functions of the STATUS_WORD command. A list of supported functions
appears in Table 7. A status bit reflects the current state of the converter. Status bit becomes high when the
specified condition has occurred and goes low when the specified condition has disappeared. A flag bit is a
latched bit that becomes high when the specified condition has occurred and does not go back low when the
specified condition has disappeared. STATUS BYTE command is a subset of the STATUS WORD command,
or more specifically the lower byte of the STATUS_WORD.

Table 7. STATUS_WORD Command Supported Functions

COMMAND ‘ DEFINITION DESCRIPTION
LOW BYTE: STATUS_BYTE [78h]
Low STATUS_WORD<7> BUSY not supported and always set to 0
Low STATUS WORD<6> OFE 0: raw status !nd!cat!ng dev!ce is prowdlng power to output voltage
- 1: raw status indicating device is not providing power to output voltage
Low STATUS WORD<5> VOUT OV 0: latched flag !nd!cat!ng no output voltage overvoltage fault has occurred
- - 1: latched flag indicating an output voltage overvoltage fault has occurred
Low STATUS_ WORD<4> IOUT_OC 0: latched flag !nd!cat!ng no output current overcurrent fault has occurred
1: latched flag indicating an output current overcurrent fault has occurred
0: latched flag indicating input voltage is above the UVLO turn-on threshold
Low STATUS_WORD<3> VIN_UV 1: latched flag indicating input voltage is below the UVLO turn-on threshold
0: latched flag indicating no OT fault has occurred
Low STATUS_WORD<2> TEMP 1: latched flag indicating an OT fault has occurred
Low STATUS_WORD<1> CML 0: latched flag !nd!cat!ng no communlce}tlon, memory or Ioglc fault has occurred
1: latched flag indicating a communication, memory or logic fault has occurred
Low STATUS_WORD<0> OTHER not supported and always set to 0
HIGH BYTE
High STATUS_WORD<7> VOUT O latched flag !nd!cat!ng no output voltage fault or Warnlng has occurred
1: latched flag indicating a output voltage fault or warning has occurred
High STATUS_ WORD<6> IOUT O latched flag !nd!cat!ng no output current fault or Warn!ng has occurred
1: latched flag indicating an output current fault or warning has occurred
High STATUS_ WORD<5> INPUT 0 latched flag !nd!cat!ng no input voltage fault or warning has occurred
1: latched flag indicating a input voltage fault or warning has occurred
High STATUS_WORD<4> MFR not supported and always set to 0
. _— 0: raw status indicating PGOOD pin is at logic high
High STATUS_WORD=<3> PGOOD 1: raw status indicating PGOOD pin is at logic low
High STATUS_WORD<2> FANS not supported and always set to 0
High STATUS_WORD<1> OTHER not supported and always set to 0
High STATUS_WORD<0> UNKNOWN not supported and always set to 0

The latched flags of faults can be removed or corrected only until one of the following conditions occurs:

e The device receives a CLEAR_FAULTS command.

e The output is commanded through the EN pin and/or ON_OFF bit based on the ON_OFF_CONFIG setting to
turn off and then to turn back on

« VDD power is cycled for TPS53819A

If the fault condition remains present when the bit is cleared, the fault bits are immediately set again, and the
ALERT signal is re-asserted.

TPS53819A supports the ALERT pin to notify the host of fault conditions. Therefore, the best practice for
monitoring the fault conditions from the host is to treat the ALERT pin as an interrupt source for triggering the
corresponding interrupt service routine. It is recommended not to keep polling the STATUS_WORD or
STATUS_BYTE registers from the host to reduce the firmware overhead of the host.
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7.6.8 CUSTOM_REG (MFR_SPECIFIC_00) [DOh] (R/W Byte)

Custom register 0 provides the flexibility for users to store any desired non-volatile information. For example,
users can program this register to track versions of implementation or other soft identification information. The
details of each setting are listed in Table 8.

Table 8. CUSTOM_REG (MFR_SPECIFIC_00) Settings

COMMAND DEFINITION DESCRIPTION NVM
CUSTOM_REG<7> — not supported and don't care —
CUSTOM_REG<6> — not supported and don't care —

(1) . ] -
CUSTOM_REG<5:0> CUSTOMWORD <5:0> %(]28225“0[01% be used to store any desired non-volatile Yes

(1) TI default

7.6.9 DELAY_CONTROL (MFR_SPECIFIC_01) [D1h] (R/W Byte)

Custom register 1 provides software control over key timing parameters of the controller: Power-on delay (POD)
time and power-good delay (PGD) time. The details of each setting are listed in Table 9.

Table 9. DELAY_CONTROL (MFR_SPECIFIC_01) Settings

COMMAND DEFINITION DESCRIPTION NVM
DELAY_CONTROL<7> — not supported and don't care —
DELAY_CONTROL<6> — not supported and don't care —

000: 256 us
001: 512 ps
010: 1.024 ms®
) ) 011: 2.048 ms
DELAY_CONTROL<5:3> PGD<2:0> 100: 4.096 Ms Yes
101: 8.192 ms

110: 16.384 ms
111: 131.072 ms

000: 356 ps
001: 612 ps
010: 1.124 ms®
011: 2.148 ms
DELAY_CONTROL<2:0> POD<2:0> 100: 4.196 ms Yes
101: 8.292 ms
110: 16.484 ms

111: 32.868 ms

(1) TI default
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7.6.10 MODE_SOFT_START_CONFIG (MFR_SPECIFIC_02) [D2h] (R/W Byte)

Custom register 2 provides software control over mode selection and soft-start time (tss). The details of each
setting are listed in Table 10.

Table 10. MODE_SOFT_START_CONFIG (MFR_SPECIFIC_02) Settings

COMMAND DEFINITION DESCRIPTION NVM
MODE_SOFT_START_CONFIG<7> — not supported and don't care —
MODE_SOFT_START_CONFIG<6> — not supported and don't care —
MODE_SOFT_START_CONFIG<5> — not supported and don't care —
MODE_SOFT_START_CONFIG<4> — not supported and don't care —

00: 1 ms®
MODE_SOFT_START_CONFIG<3:2> SST<1:0> 01:2ms Yes
- - - 10: 4 ms
11: 8 ms
0: hiccup after uv®
MODE_SOFT_START_CONFIG<1> HICLOFF Hiccup interval is (8.96 ms + soft-start time x 7) Yes
1: latch-off after UV
0: DCM®
MODE_SOFT_START_CONFIG<0> CM 1: ECCM Yes

(1) TI Default

Figure 34 shows the soft-start timing diagram of TPS53819A with the programmable power-on delay time (tpop),
soft-start time (tss7), and PGOOD delay time (tpgp). During the soft-start time, the controller remains in
discontinuous conduction mode (DCM), and then switches to forced continuous conduction mode (FCCM) at the
end of soft-start if CM bit (MODE_SOFT_START_CONFIG<0>) is set.

EN Pin and/or

ON_OFF bit troD |<—tss1—>| trGD |<

Vour

PGOOD DCM or FCCM
k—DCM_>|_>(based on CM bit)

Time UDG-12070

Figure 34. Programmable Soft-Start Timing
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7.6.11 FREQUENCY_CONFIG (MFR_SPECIFIC_03) [D3h] (R/W Byte)
Custom register 3 provides software control over frequency setting (FS). The details of FS setting are listed in

Table 11.
Table 11. FREQUENCY_CONFIG (MFR_SPECIFIC_03) Settings
COMMAND DEFINITION DESCRIPTION NVM
FREQUENCY_CONFIG<7> — not supported and don't care —
FREQUENCY_CONFIG<6> — not supported and don't care —
FREQUENCY_CONFIG<5> — not supported and don't care —
FREQUENCY_CONFIG<4> — not supported and don't care —
FREQUENCY_CONFIG<3> — not supported and don't care —
000: 275 kHz
001: 325 kHz
010: 425 kHz @
. . 011: 525 kHz
FREQUENCY_CONFIG<2:0> FS<2:0> 100: 625 kHz Yes
101: 750 kHz
110: 850 kHz
111: 1 MHz
(1) TI default.
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7.6.12 VOUT_ADJUSTMENT (MFR_SPECIFIC_04) [D4h] (R/W Byte)

Custom register 4 provides ouput voltage adjustment (VOA) in +0.75% steps, with a total range of £9%. When
fine adjustment is used together with the margin setting, the change in the output voltage is determined by the
multiplication of the two settings.

Table 12. VOUT_ADJUSTMENT (MFR_SPECIFIC_04) Settings

COMMAND DEFINITION DESCRIPTION NVM
VOUT_ADJUSTMENT<7> — not supported and don't care —
VOUT_ADJUSTMENT<6> — not supported and don't care —
VOUT_ADJUSTMENT<5> — not supported and don't care —

111xx: +9.00%
11011: +8.25%
11010: +7.50%
11001: +6.75%
11000: +6.00%
10111: +5.25%
10110: +4.50%
10101: +3.75%
10100: +3.00%
10011: +2.25%
10010: +1.50%
10001: +O.7?°)A)
10000: +0% ¢

VOUT_ADJUSTMENT<4:0> VOA<4:0> 01111, 0% Yes
01110: —0.75%
01101: —1.50%
01100: —2.25%
01011: —3.00%
01010: —3.75%
01001: —4.50%
01000: —5.25%
00111: —6.00%
00110: —6.75%
00101: —7.50%
00100: —8.25%
000xx: —9.00%

(1) TI default.

7.6.13 Output Voltage Fine Adjustment Soft Slew Rate

To prevent sudden buildup of voltage across inductor, output voltage fine adjustment setting cannot change
output voltage instantaneously. The internal reference voltage must slew slowly to its final target, and SST<1:0>
is used to provide further programmability. The details of output voltage fine adjustment slew rate are shown in
Table 13.

Table 13. Output Voltage Fine Adjustment Soft Slew Rate Settings

COMMAND DEFINITION DESCRIPTION NVM

00: 1 step per 4 us®
01: 1 step per 8 us

MODE_SOFT_START_CONF

<1
1G<3:2> SST<1:0> 10: 1 step per 16 ps ves
11: 1 step per 32 ps
(1) TI default.
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7.6.14 VOUT_MARGIN (MFR_SPECIFIC_05) [D5h] (R/W Byte)

Custom register 5 provides output voltage margin high (VOMH) and output voltage margin low (VOML) settings.
This register works in conjunction with PMBus OPERATION command to raise or lower the output voltage by a
specified amount. This register settings described in Table 14 are also used together with the fine adjustment
setting described in Table 12. For example, setting fine adjustment to +9% and margin to +12% changes the

output by +22.08%, whereas setting fine adjustment to —9% and margin to —9% change the output by —17.19%

Table 14. VOUT_MARGIN (MFR_SPECIFIC_05) Settings

COMMAND DEFINITION

DESCRIPTION

NVM

VOUT_MARGIN<7:4> VOMH<3:0>

11xx:
1011:
1010:
1001:
1000:
0111:
0110:
0101:
0100:
0011:
0010:
0001:
0000:

+12.0%
+10.9%
+9.9%
+8.8%
+7.7%
+6.7%
+5.7%
+4.7%W
+3.7%
+2.8%
+1.8%
+0.9%
+0%

Yes

VOUT_MARGIN<3:0> VOML<3:0>

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
11xx:

-0%
-1.1%
-2.1%
-3.2%
-4.2%
_5.205 (1)
—6.2%
-7.1%
-8.1%
—9.0%
—-9.9%
-10.7%
-11.6%

Yes

(1) TI default.
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7.6.15 Output Voltage Margin Adjustment Soft-Slew Rate

Similar to the output voltage fine adjustment, margin adjustment also cannot change output voltage
instantaneously. The soft-slew rate of margin adjustment is also programmed by SST<1:0>. The details are listed
in Table 15.

Table 15. Output Voltage Margin Adjustment Soft-Slew Rate Settings

COMMAND DEFINITION DESCRIPTION NVM

00: 1 step per 4 us@
01: 1 step per 8 us
10: 1 step per 16 ps
11: 1 step per 32 us

MODE_SOFT_START_CONFIG<3:2> SST<1:.0> Yes

(1) TI default.

Figure 35 shows the timing diagram of the output voltage adjustment via PMBus. After receiving the write
command of VOUT_ADJUSTMENT (MFR_SPECIFIC_04), the output voltage starts to be adjusted after tp delay
time (about 50 ps). The time duration tpsc for each DAC step change can be controlled by SST bits
(MODE_SOFT_START_CONFIG<3:2:> from 4 ps to 32 ps.

PMBus

TTTTTTTTTTTTTITTTI TTTTTTTTTTTTTTTTI
Write Write

VOA<4:0>=10101b VOA<4:0>=01010b
NN RN RN

ook e

Vout

toac

UDG-12071

Figure 35. Output Voltage Adjustment via PMBus

The margining function is enabled by setting the OPERATION command, and the margining level is determined
by the VOUT_MARGIN (MFR_SPECIFIC_05) command. Figure 36 and Figure 37 illustrate the timing diagrams
of the output voltage margining via PMBus. Figure 36 shows setting the margining level first, and then enabling
margining by writing OPERATION command. After the OPERATION margin high command enables the margin
high setting (VOMH<3:0>), the output voltage starts to be adjusted after tp delay time (about 50 ps). The time
duration tpac for each DAC step change can be controlled by SST bits (MODE_SOFT_START_CONFIG<3:2>)
from 4 ys to 32 ps.

PMBus EERERREERRERERER EERREEEEERERERERER
Write Write
VOMH<3:0>=0100b OPMARGIN<3:0>=1010b
AR EEN RN EEANEENAEE RN
>t ’|*_’_,_/
Vout
toac
UDG-12072
Figure 36. Setting the Margining Level First
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Write Write

OPMARGIN<3:0>=1010b VOMH<3:0>=0001b
LU L L L Il LU L L il

ool
ok
.

toac

VOUT

UDG-12073

Figure 37. Enabling Margining First

As shown in Figure 37, the margining function is enabled first by a write command of OPERATION. The output
voltage starts to be adjusted toward the default margin high level after tp delay. Since the margining function has
been enabled, the output voltage can be adjusted again by sending a different margin high level with a write
command of VOUT_MARGIN. The time duration tpsc for each DAC step change can be also controlled by SST
bits (MODE_SOFT_START_CONFIG<3:2>) from 4 s to 32 ys.

7.6.16 UVLO_THRESHOLD (MFR_SPECIFIC_06) [D6h]

Custom register 6 provides some limited programmability of input supply UVLO threshold, as described in
Table 16. The default turn-on UVLO threshold is 4.25 V.

Table 16. UVLO_THRESHOLD (MFR_SPECIFIC_06) Settings

COMMAND DEFINITION DESCRIPTION NVM
UVLO_THRESHOLD<7> — not supported and don't care —
UVLO_THRESHOLD<6> — not supported and don't care —
UVLO_THRESHOLD<5> — not supported and don't care —
UVLO_THRESHOLD<4> — not supported and don't care —
UVLO_THRESHOLD<3> — not supported and don't care —

Oxx: 10.2 V
100: not supported and should not be used
UVLO_THRESHOLD<2:0> VDDINUVLO<2:0> 101: 4.25 v Yes
110: 6.0V
111: 8.1V

(1) TI default.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The TPS53819A device is a small-sized, single buck controller with adaptive on-time D-CAP2 mode control and
PMBus.

8.2 Typical Application

The following application shows a TPS53819A 12-V to 1.2-V point-of-load synchronous buck regulator.
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Figure 38. Typical Application Schematic, TPS53819A
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8.2.1 Design Requirements
Table 17. Design Example Specifications
PARAMETER MIN TYP MAX UNIT
Vvin Input voltage range 8 12 14 \%
VviN(ripple) Input voltage ripple 240 mVpp
Vout Output voltage 1.2 \%
VRIPPLE Output voltage ripple 12 mVpp
lout Output load current 0 20 A
locL Output overcurrent 25 A
fsw Switching frequency 425 kHz

8.2.2 Detailed Design Procedure
Selecting external components is a simple process using D-CAP2™ Mode

8.2.2.1 Switching Frequency

The switching frequency must first be decided on and is set using the PMBus. When deciding on a frequency a
tradeoff between component size and efficiency must be made. A lower frequency reduces the switching losses
in the MOSFETSs improving efficiency but a larger inductance and/or output capacitance is required for low output
voltage ripple. This example uses the Tl default PMBus setting, 425 kHz.

8.2.2.2 Inductor (L1)

Determined the inducatance to yield a ripple current (Iipgippley) Of approximately % to %2 of maximum output
current. Larger ripple current increases output ripple voltage, improves the signal-to-noise ratio and helps stable
operation. Maximum current ripple occurs with the maximum input voltage. Equation 9 calculates the
recommended inductance. After choosing the inductance, use Equation 10 to calculate the ripple.

] 1 (VIN(max) ~Vour )< Vour 3 (VIN(max) ~Vour )< Vout
= X = X
IIND(rippIe) x fsw VIN(max) IOUT(max) * fsw VIN(max) )
1 (Vingmax) — Vour )x Vour
ND(ripple) = x

Lxfsw ViN(max) (10)

The inductor requires a low DCR to achieve good efficiency. The inductor also requires enough margin above the
peak inductor current before saturation. The peak inductor current can be estimated in Equation 11.

INp(peak) = locL * b (ripple) (11)

Using Equation 9 the recommended inductance for the example is 0.329 pH. An inductor supplied by Pulse
Electronics (PA0513.441NLT) is selected with an inductance of 0.440 yH at 0 A and 0.363 pyH at its 30 A rated
current. The saturation current is 35 A and the DCR is 0.32 mQ. Using Equation 10 with the selected inductance
and maximum input voltage, the current ripple is estimated to be 6.23 A. Equation 11 calculates the peak current
to be 31.3 A, well below the saturation current of the inductor. The output current threshold when the supply
operates in DCM or CCM can also be estimated as half the estimated current ripple. With the maximum 14 V
input in this design the output current threshold is 3.12 A. With lower input voltages, ripple decreases and so
does the threshold.
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8.2.2.3 Output Capacitors (C10, C11, C12, C13, C14)

Determine the output capacitance to meet the load transient, ripple requirements, and to meet small-signal
stability as shown in Equation 12.

Rc1 XCC'] x 0.6 x (067+D) < fSW

5xfqs <
2nx GxLxCqoyt x VouT 3
where
« G=0.25
e Rg¢; x C¢y time constant can be referred to Table 1
e Dis the duty cycle (12)

Based on Equation 12, the value of Coyy to ensure small signal stability can be calculated using Equation 13 and
Equation 14. These equations assume MLCC are used and the ESR effects are negligible. If a high ESR output
capacitor is used, the effects may reduce the minimum and maximum capacitance. In the design example using
Table 1 for 425-kHz switching frequency, the time constant is 62 ps. The recommended minimum capacitance
for a design with an 8-V minimum input voltage is 260 yF. The recommended maximum capacitance for design
with a 14-V maximum input voltage is 4842 uF.

Rgyx Cgqx0.6x [0.67 + VOUT]

IN(max)

C <
ouT 2nxGxLx5xfoo xVout (13)

RoyxCoyx0.6x| 0.67 +YOUT
ViN(min)

Cout 2

f
2nxGxLxSW » v,
3 ouT (14)

Select a larger output capacitance to decrease the output voltage change that occurs during a load transient and
the output voltage ripple.

The minimum output capacitance to meet an output voltage ripple requirement can be calculated with
Equation 15. In the example the minimum output capacitance for 12 mVpp ripple is 162 pF. If non ceramic
capacitors are used Equation 16 calculates the maximum equivalent series resistance (ESR) of the output
capacitor to meet the ripple requirement. Equation 17 calculates the required RMS current rating for the output
capacitor. In this example with 12-V nominal input voltage it is 1.77 A. Finally the output capacitor must be rated
for the output voltage.

ND(ripple)

Cour 2
8x VrippLE * fsw (15)

iND(ripp!
VRIPPLE — [(”pp °)

ESR < 8XCOUT XfSW

IND(ripple) (16)

| _ Inp(ripple)
COUT(RMS) = — =

V12 )
This example uses five 1210, 100 uyF, 6.3 V, X5R ceramic capacitors with 2 mQ of ESR. From the data sheet the
estimated DC derating of 95% and AC derating of 70% for a total of 66.5% at room temperature. The total output
capacitance is approximately 332.5 uF.

8.2.2.4 Input Capacitors (C1, C2, C3, C4, C5)

Choose an input capacitance that reduces the input voltage ripple. Equation 18 calculates the minimum input
capacitance. In the example design to limit the input ripple to 240 mV, assuming all ceramic and ignoring ESR
ripple, the minimum input capacitance is 27.8 yF. The input capacitor must also be rated for the input RMS
current calculated in Equation 19. For this design example this current is 8.95 A with the minimum 8-V input
voltage. Also, the input capacitors must be rated for the maximum input voltage.
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Al
Cin > L
8x ViNriPPLE * fow (18)
Vour  (Vingminy —Vout)
lcinrms) =louT % v x v
IN(min) IN(min) (19)

This example uses four 1206, 22 yF, 16 V, X5R ceramic capacitors with 3 mQ of ESR. An additional 0.1-pyF
capacitor is placed close to the drain of the high-side MOSFET and the source of the low-side MOSFET.

8.2.25 MOSFET (Q1, Q2)

The TPS53819A uses two external N-channel MOSFETs. The Vpg rating should be greater than the maximum
input voltage and include some tolerance for ringing on the switching node. It must also be rated for the DC
current. The high-side MOSFET conducts the input current and the low-side MOSFET conducts the output
current. The gate drive voltage is set by the VREG voltage of 5 V typical. The gate capacitance should be
reduced to minimize the current required to turn on the MOSFETs and switching losses. However it is
recommended the low-side MOSFET have a higher gate capacitance to avoid unintentional shoot-through
caused by the high dv/dt on the switching node during the high-side turn-on. A reduction in current also reduces
power dissipation in TPS53819A. Choose a low Rpg(n) to reduce conduction losses especially for the low-side
MOSFET because it conducts the output current.

This design uses the CSD87350Q5D, 30-V, 40-A, NexFET power block with integrated low-side and high-side
MOSFETSs. This is optimized for applications with a 5 V gate drive. The typical gate to source capacitance of the
high-side and low-side MOSFETSs is 1341 pF and 2900 pF respectively. Using Equation 1 and Equation 2 the
average drive currents are 2.7 mA and 5.9 mA. With Equation 3 the power dissipated in the driver is estimated to
42.4 mW. The Rpg(on Of the high-side and low-side MOSFETs with a 5 V gate drive voltage is 5 mQ and 2.2 mQ
respectively.

A small, 4.7-Q resistance from R6, is added in series between DRVH and the gate of the high-side MOSFET.
This slows down the turn-on time of the high-side MOSFET dv/dt and reduces rising edge ringing on the
switching node to help prevent shoot-through. This value should be kept small and if it is too large it may lead to
too large of a delay time in the turn-on time of the high-side switch.

8.2.2.6 VREG Bypass Capacitor (C18)

A ceramic capacitor with a recommended value between 0.47-uyF and 2.2-uyF is required on the VREG pin for
proper operation. The example uses a 1-pyF capacitor. Choose one rated for the VREG 5.5-V maximum voltage
in order to supply the instantaneous drive current of the low-side MOSFET.

8.2.2.7 VDD Bypass Capacitor (C19)

A 1-yF capacitor should be placed at the VDD pin rated for the maximum input voltage. If power stage switching
noise is causing faults, a small resistor (R12) can be added between VDD and all the input capacitors (C1-C5).
This creates an R-C filter and reduces any switching noise in the device input.

8.2.2.8 VBST Capacitor (C7)

The bootstrap capacitor is required to generate the high-side gate drive bias voltage and provide the
instantaneous drive current for DRVH. A 0.1-yF ceramic capacitor is recommended to limit the ripple voltage.

R5 (0-Q) resistance, is added in series with the bootstrap capacitor. This resistor can be used to slow down the
turn-on time of the high-side MOSFET dv/dt and reduces rising edge ringing on the SW node to help prevent
shoot-through. Keep the value small because a higher value may increase the the turn-on delay time of the high-
side switch.

8.2.2.9 Snubber (C8 and R9)

Fast-switching edges and parasitic inductance and capacitance cause voltage ringing on the SW node . If the
ringing results in excessive voltage on the SW node or erratic operation an R-C snubber can be used to reduce
ringing on the SW node and ensure proper operation in all operating conditions.
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8.2.2.10 Feedback Resistance, Reggy and Rgg (R17 and R18)

The values of the voltage-divider resistors, Rggy and Ry, determine the output voltage as shown in Figure 38.
Regh is connected between the FB pin and the output, and Rgg, is connected between the FB pin and GND. The
recommended Rggy value is between 10 kQ and 20 kQ. Determine Rgg, using Equation 20.

R
RegL = 1 FEH 1
V, ——x| ; ESR+ ————
ouT ~ 5 X ( IND(ripple) X{ 8xCour * fow j] 1
1 L
06-|— ; — |-V,
(2 ><(IND(npple) X 4xRgy ><Cc1] OFS]
where
* Vggs is the internal offset voltage (4 mV)
« ESR is the from the output capacitors (20)

In this example R17 has a value of 10-kQ. R18 is calculated to be 9.91 kQ. The nearest standard value of 10 kQ
is used for R18.

8.2.2.11 Overcurrent Limit (OCL) Setting Resistance (R10)
Combining Equation 7 and Equation 8, Equation 21 calculates Rigp.

Viny =V,
8{'0(1—(( " OUT)JX Vour ]XRDS(on)

lrrip 1)

Rrrip =

In this example for a 25-A current limit, Rtg;p is calculated as 38.5 kQ and is rounded up to the nearest standard
value of 39.2 kQ.

8.2.2.12 PMBus Device Address (R3 and R4)

The PMBus address is selected using a resistive divider as shown in Table 2. In this example the address is set
to 0010000 with a 300-kQ resistor (R3) and a 1.00-kQ (R4).

8.2.2.13 PGOOD Pullup Resistor (R2)

A pullup resistor is required because the PGOOD pin is an open-drain output. Use a value between 10 kQ to 100
kQ. The recommended max 100 kQ resistor is used.

8.2.2.14 SCL and SDA Pulldown Resistors (R14 and R15)

If there is no PMBus (1°C) needed in the system, pull these two pins down to ground. If a PMBus interface is
always present, then these resistors are not needed. This example design uses 100-kQ of resistance to pull
these pins down to ground, allowing it to operate with or without a PMBus interface.

8.2.2.15 PMBus Pullup Resistors

Due to the limited drive strength of pulldown MOSFETs on SDA and ALERT pins, the external PMBus pullup
resistors must be kept within certain ranges. For example, if the external PMBus supply is 3.3 V, then use a
pullup resistance of 1-kQ. If the external PMBus supply is 5 V, then use a pullup resistance of 1.5 kQ.
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8.2.3

Application Curves
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Figure 39. Efficiency
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9 Power Supply Recommendations

The TPS53819A device operates using an input voltage supply range between 3 V and 28 V (4.5-V to 28-V
biased). This input supply must be well regulated. Proper bypassing of input supplies and internal regulators is
also critical for noise performance, as is PCB layout and grounding scheme.
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10 Layout

10.1 Layout Guidelines

Note these design considerations before starting a layout work using TPS53819A

e Inductor, Vy capacitors, Vot capacitors and MOSFETSs are the power components and should be placed on
one side of the PCB (solder side). Other small signal components can be placed on another side (component
side). At least one inner plane should be inserted, connected to ground, in order to shield and isolate the
small signal traces from noisy power lines.

» Place all sensitive analog traces and components such as FB, VO, TRIP, PGOOD, and EN away from high-
voltage switching nodes such as SW, DRVL, DRVH or VBST to avoid coupling. Use internal layers as ground
planes and shield feedback trace from power traces and components.

» Keep PMBus interfacing signals away from the sensitive analog traces.

» The DC/DC converter has several high-current loops. Minimize the area of these loops in order to suppress
switching noise.

— The path from the V,y capacitors through the high and low-side MOSFETs and back to the capacitors
through ground, is the most important loop area to minimize. Connect the negative node of the V|
capacitors and the source of the low-side MOSFET at ground as close as possible.

— The second important loop is the path from the low-side MOSFET through inductor and Vgt capacitors,
and back to source of the low-side MOSFET through ground. Connect source of the low-side MOSFET
and negative node of Vg1 capacitors at ground as close as possible.

— The third important loop is that of the gate driving system for the low-side MOSFET. To turn on the low-
side MOSFET, high current flows from the VDRV capacitor through the gate driver and the low-side
MOSFET, and back to negative node of the capacitor through ground. To turn off the low-side MOSFET,
high current flows from gate of the low-side MOSFET through the gate driver and PGND of the device,
and back to source of the low-side MOSFET through ground. Connect the negative node of the VREG
capacitor, source of the low-side MOSFET and PGND of the device at ground as close as possible.

e A separate AGND from the high-current loop PGND should be used for the return of the sensitive analog
circuitry. The two grounds should connect at a single point as close to the GND pin as possible.

e Minimize the current loop from the VDD and VREG pins through their respective capacitors to the GND pin.

» Because the TPS53819A controls the output voltage referring to voltage across Voyr capacitor, the top-side
resistor of the voltage divider should be connected to the positive node of the Vg7 capacitor. In a same
manner both bottom side resistor and GND of the device should be connected to the negative node of Voyr
capacitor. The trace from these resistors to the VFB pin should be short and thin. Place on the component
side and avoid vias between these resistors and the device.

» Connect the overcurrent setting resistor from the TRIP pin to ground and make the connections as close as
possible to the device. Avoid coupling a high-voltage switching node to the trace from the TRIP pin to Rygpp
and from Ryg;p to ground .

« Connections from gate drivers to the respective gate of the high-side or the low-side MOSFET should be as
short as possible to reduce stray inductance. Use 0.65 mm (25 mils) or wider trace and vias of at least 0.5
mm (20 mils) diameter along this trace.

» The PCB trace defined as switch node, which connects to source of high-side MOSFET, drain of low-side
MOSFET and high-voltage side of the inductor, should be as short and wide as possible.

* Follow any layout considerations for the MOSFET provided by the MOSFET manufacturer.
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10.2 Layout Example
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Figure 41. Top Layer
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Layout Example (continued)
o Bottom layer ®

HPI\{IBus

N 0000
NN

N\ OO O O

‘\J’ N N AN (,/

ViN
0 © Vout
N . q_bﬂﬂj ceses o - @
® oo .i..&I.N..... Ty E:....-.. i“” :::: °
® . .o..N \ OUT- - e
® o - o ® . —

N ‘®

Figure 42. Bottom Layer
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11 Device and Documentation Support

11.1 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.2 Trademarks

D-CAP2, Eco-mode, E2E are trademarks of Texas Instruments.
PMBus is a trademark of SMIF, Inc.
All other trademarks are the property of their respective owners.

11.3 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 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

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. 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 aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish 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 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.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS53819ARGTR ACTIVE VQFN RGT 16 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 3819A
& no Sh/Br)
TPS53819ARGTT ACTIVE VQFN RGT 16 250 Gg[eens('s/([)aH)S CU NIPDAU Level-2-260C-1 YEAR -40 to 85 3819A
no r
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS53819ARGTR VQFN RGT 16 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS53819ARGTT VQFN RGT 16 250 180.0 12.5 3.3 3.3 11 8.0 12.0 Q2
TPS53819ARGTT VQFN RGT 16 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS53819ARGTR VQFN RGT 16 3000 338.0 355.0 50.0
TPS53819ARGTT VQFN RGT 16 250 338.0 355.0 50.0
TPS53819ARGTT VQFN RGT 16 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RGT 16 VQFN - 1 mm max height

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
RGTO0016C VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—]

2.9

1 MAX

0.05
0.00

l=+—[J1.68+0.07 = ﬁ (0.2) TYP
> f 8 EXPOSED L
J U E U L ﬁTHERMAL PAD {D
—C
‘ C | symm
. -1 ¢
-
HED

N b b |

PIN 1 ID 16 SYJ\,,M 13 & 0.1 |C|A|B
(OPTIONAL) ¢ 0.05)
05
16X o3

4222419/B 11/2016

NOTES:

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

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

i
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EXAMPLE BOARD LAYOUT
RGTO0016C VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

S

{1
T[4
Jri,

16X (0.24) T ij

- . S U

L @ (0.58) (28)
| TYP

12X (0.5)
=SS . & A
|

(©0.2) TYP / | l
VIA | -— - —-—--—"
e ‘ :
(R0.05) ‘

ALL PAD CORNERS \ (0.58) TYP
1 (2.8)

LAND PATTERN EXAMPLE

SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
Pl SOLDER MASK
| METAL | fOPENING
! 1
| |
}
™~ —_soLbER MASK \ NMETAL UNDER
OPENING ~ 7 SOLDER MASK
NON SD%II_ZIIDI\IIESDMASK SOLDER MASK
DEFINED

(PREFERRED)
SOLDER MASK DETAILS

4222419/B 11/2016

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
RGTO0016C VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

(1.55)
16 13

16X (0. 6)

pjj
\

~N

16X (0.24)
~+~~~~ (- — - —t—-—¢

12X (o 5)

|
|
\\//) | (\//)
- @3 —)
|
|
|

|
|
METAL |
ALL AROUND | _ _ _ o
| | T
i 5 8
SYMM

(RO.05) TYP ! ¢

1 (2.8)

\.

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 17:

85% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:25X

4222419/B 11/2016

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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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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