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5 Pin Configuration and Functions

RGT Package
16-Pin VQFN With Exposed Thermal Pad
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Pin Functions
PIN 1
TYPE® DESCRIPTION
NAME NO.
DRVH 13 o High-side MOSFET driver output. The SW node referenced floating driver. The gate drive voltage is
defined by the voltage across VBST to SW node bootstrap flying capacitor.
Synchronous MOSFET driver output. The PGND referenced driver. The gate drive voltage is defined by
DRVL 11 O
VDRYV voltage.
EN | Enable pin. Place a 1-kQ resistor in series with this pin if the source voltage is higher than 5.5 V.
GND G Ground pin. This is the ground of internal analog circuitry. Connect to GND plane at single point.
MODE 5 | Soft-start and skip/CCM selection. Connect a resistor to select soft-start time using Table 1. The soft-
start time is detected and stored into internal register during start-up.
NC 15 - No connection.
PAD - - Thermal pad. Use five vias to connect to GND plane.
PGOOD 16 o Open-drain power-good flag. Provides 1-ms start-up delay after the VFB pin voltage falls within specified
limits. When VFB goes out specified limits PGOOD goes low after a 2-us delay.
PGND 8 G Power ground. Connect to GND plane.
RE 4 | Switching frequency selection. Connect a resistor to GND or VREG to select switching frequency using
Table 2. The switching frequency is detected and stored during the start-up.
SW 12 P Output of converted power. Connect this pin to the output inductor.
TRIP 1 | OCL detection threshold setting pin —10 pA at room temp, 4700 ppm/°C current is sourced and set the
OCL trip voltage as follows: VocL = Vrrip / 8 ( VTriIP £ 3V, VocL £ 375 mV)
VBST 14 P Supply input for high-side FET gate driver (boost terminal). Connect a capacitor from this pin to SW
node. Internally connected to VREG through bootstrap MOSFET switch.
VDD 6 P Controller power supply input. The input range is from 4.5V to 25 V.
VDRV 10 | Gate drive supply voltage input. Connect to VREG if using LDO output as gate-drive supply.
VFB 3 | Output feedback input. Connect this pin to Voy through a resistor divider.
VREG 9 (@) 6.2-V LDO output. This is the supply of internal analog circuitry 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 35
VBST® -0.3 7
VDD -0.3 26
Input voltage \%
DC -2 28
SW
Pulse <20 ns, E=5pJ -7
VDRV, EN, TRIP, VFB, RF, MODE -0.3 7
DRVH -2 35
DRVH® -0.3
Output voltage \%
DRVL, VREG -0.5
PGOOD -0.3
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 and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating

Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
(2) Voltage values are with respect to the SW terminal. Repetitive spikes up to 9 V can be tolerated for up to 50 ns.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001® +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 MAX UNIT
VBST -0.1 345
VDD 4.5 25
Input voltage SW -1 28 \%
VBST®W -0.1 6.5
EN, TRIP, VFB, RF, VDRV, MODE -0.1 6.5
DRVH -1 34.5
DRVH® -0.1 6.5
Output voltage \%
DRVL, VREG -0.3 6.5
PGOOD -0.1 6.5
Operating free-air temperature, T -20 85 °C

(1) Voltage values are with respect to the SW terminal.
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6.4 Thermal Information
TPS53119
THERMAL METRIC® RGT (VQFN) UNIT
16 PINS
Rgia Junction-to-ambient thermal resistance 51.3 °C/W
Rojctop) Junction-to-case (top) thermal resistance 85.4 °C/W
Rgis Junction-to-board thermal resistance 20.1 °C/W
WIT Junction-to-top characterization parameter 1.3 °C/W
viB Junction-to-board characterization parameter 194 °C/W
Rosc (ot 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.

6.5 Electrical Characteristics
over operating free-air temperature range, VDD = 12 V (unless otherwise noted)

PARAMETER | CONDITIONS | MIN TYP MAX | UNIT
SUPPLY CURRENT
oD VDD supply current xa:z gu(;rg:r;(t) \T/A =25°C, no load, Ven =5V, 420 590 UA
lvpDspn VDD shutdown current VDD current, T = 25°C, no load, Vgy =0 V 10 HA
INTERNAL REFERENCE VOLTAGE
Ve VFB regulation voltage VFB voltage, CCM condition® 600 mv
Tp=25°C 597 600 603
Vves VFB regulation voltage 0°C =£Tp<85°C 595.2 600 604.8 mvV
—20°C < Tp<85°C 592 600 608
V= VFB input current Vyeg = 0.63 V, Tp = 25°C 0.002 0.2 HA
OUTPUT DRIVERS
RprvH DRVH resistance Source, loryw = =50 MA Lo 3 Q
Sink, Ipryy = 50 MA 0.7 1.8
RpRyL DRVL resistance Source, lorw, = ~50 mA ! 22 Q
Sink, IpryL = 50 MA 0.5 1.2
. DRVH-off to DRVL-on 7 17 30
foerD Dead time DRVL-off to DRVH-on 10 22 |
LDO OUTPUT
VyREG LDO output voltage 0 MA £ lygeg £ 50 mA 5.76 6.2 6.67 \%
lvREG LDO output current® Maximum current allowed from LDO 50 mA
Vbo LDO dropout voltage Vypp = 4.5V, lygeg = 50 mA 364 mV
BOOT STRAP SWITCH
VegsT Forward voltage Vyrec-vesT: I = 10 MA, T = 25°C 0.1 0.2 \%
lvBsTLK VBST leakagecurrent Vygst =23V, Vg =17 V, Tp = 25°C 0.01 15 HA
DUTY AND FREQUENCY CONTROL
torF(min) Minimum off-time Ta=25°C 150 260 400 ns
ton(min) Minimum ON-time ¥LN::215{g(1)\/OUT =0.6V, Rgr = 0 Q to VREG, 35 ns
SOFT START
0V = Voyr £ 95%, Ryope = 39 kQ 0.7
tss Internal soft-start time 0V = Vour = 95%, Ruope = 100k 14 ms
0V £ Vour £ 95%, Ryope = 200 kQ 2.8
0V £ Vour £ 95%, Ryope = 470 kQ 5.6

(1) Ensured by design. Not production tested.
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Electrical Characteristics (continued)
over operating free-air temperature range, VDD = 12 V (unless otherwise noted)
PARAMETER | CONDITIONS | MIN TYP MAX UNIT
POWER GOOD
PG in from lower 92.5% 96% 98.5%
V1npe PG threshold PG in from higher 108% 111% 114%
PG hysteresis 2.5% 5% 7.8%
Rpg PG transistor on-resistance 15 30 50 Q
tpc(del) PG delay after soft start 0.8 1 1.2 ms
LOGIC THRESHOLD AND SETTING CONDITIONS
—20°C =T, =<85°C 1.8
Ve EN voltage threshold enable 0°C < T, <85°C 17 v
EN voltage threshold disable 0.5
len EN input current Ven=5V 1 HA
Rre = 0 Q to GND, T, = 25°C®@ 200 250 300
Rgre = 187 kQ to GND, T, = 25°C®@ 250 300 350
Rgr = 619 kQ to GND, T, = 25°C@ 350 400 450
o Rge = open, Tp = 25°C®@ 450 500 550
fsw Switching frequency kHz
Rge = 866 kQ t0 Vgeg, Ta = 25°C®? 580 650 720
Rgre = 309 kQ to Vgeg, Ta = 25°CAP 670 750 820
RRre = 124 kQ t0 Vgeg, Ta = 25°C? 770 850 930
Rre = 0 Q t0 Vgeg, Ta = 25°CP 880 970 1070
VO DISCHARGE
Ipischg VO discharge current Ven =0V, Vgw =05V 5 13 mA
PROTECTION: CURRENT SENSE
lrrip TRIP source current Virp = 1V, Ta = 25°C 9 10 11 PA
TCirip TRIP current temp. coef. Ta=25°C® 4700 ppm/°C
Vrrp gtrj]rgrznt limit threshold setting Vireip-an Voltage 0.2 3 v
Vigp =3V 355 375 395
VocL Current limit threshold Virp =16 V 185 200 215 mV
Virp = 0.2V 17 25 33
_ o Virp =3V —406 -375 -355
Voein mfg:;'(‘)’% current limit Vigp = 16V _215 —200 _185| mv
Virp = 0.2V -33 -25 -17
Vazcaa) gt:]t(g)ezero cross adjustable Positi\{e 3 15 mv
Negative -15 -3
PROTECTION: UVP AND OVP
Vovp OVP trip threshold voltage OVP detect 115% 120% 125%
tovp(del) OVP propagation delay time VFB delay with 50-mV overdrive 1 us
Vowe \%;:gg; UVP trip threshold UVP detect 65% 70% 75%
tuvp(ae) ((j)eulgnyu:inLi\e/P propagation 0.8 1 12 ms
tuvp(en) Output UVP enable delay time | from EN to UVP workable, Ryope = 39 kQ 2 2.55 3 ms
UvLO
Wake up 4 4.18 4.5
VUwREG VREG UVLO threshold - \%
Hysteresis 0.25
THERMAL SHUTDOWN
Shutdown temperature® 145
Tspn Thermal shutdown threshold °C
Hysteresis® 10

(2) Not production tested. Test conditions are Viy =12 V, Vout = 1.1V, Igyt = 10 A and using the application circuit shown in Figure 18
and Figure 22.
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6.6 Typical Characteristics
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The TPS53119 is a high-efficiency, single-channel, synchronous buck regulator controller suitable for low output
voltage point-of-load applications in computing and similar digital consumer applications. The device features
proprietary D-CAP mode control combined with an adaptive ON-time architecture. This combination is ideal for
building modern low duty ratio, 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 up to 26 V. The D-CAP mode uses the ESR of the
output capacitors to sense the device current. One advantage of this control scheme is that it does not require an
external phase compensation network. This allows a simple design with a low external component count. Eight
preset switching frequency values can be chosen using a resistor connected from the RF pin to ground or VREG.
Adaptive ON-time control tracks the preset switching frequency over a wide input and output voltage range while
allowing the switching frequency to increase at the step-up of the load.

The TPS53119 has a MODE pin to select between auto-skip mode and forced continuous conduction mode
(FCCM) for light load conditions. The MODE pin also sets the selectable soft-start time ranging from 0.7 ms to
5.6 ms as shown in Table 1. The strong gate drivers allow low Rpgny FETS for high-current applications.

When the device starts (either by EN or VDD UVLO), the TPS53119 sends out a current that detects the
resistance connected to the MODE pin to determine the soft-start time. After that (and before Vg7 starts to ramp
up) the MODE pin becomes a high-impedance input to determine skip mode or FCCM mode operation. When
the voltage on the MODE pin is higher than 1.3 V, the converter enters into FCCM mode. If the voltage on
MODE pin is less than 1.3 V, then the converter operates in skip mode.

Tl recommends connection of the MODE pin to the PGOOD pin if FCCM mode is desired. In this configuration,
the MODE pin is connected to the GND potential through a resistor when the device is detecting the soft-start
time, thus correct soft-start time is used. The device starts up in skip mode and only after the PGOOD pin goes
high does the device enter into FCCM mode. When the PGOOD pin goes high there is a transition between skip
mode and FCCM. A minimum off-time of 60 ns on DRVL is provided to avoid a voltage spike on the DRVL pin
caused by parasitic inductance of the driver loop and gate capacitance of the low-side MOSFET.

For proper operation, the MODE pin must not be connected directly to a voltage source.
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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 (typically 1.4 V), the controller enters its start-
up sequence. The internal LDO regulator starts immediately and regulates to 6.2 V at the VREG pin. The
controller then uses the first 250 ps to calibrate the switching frequency setting resistance attached to the RF pin
and stores the switching frequency code in internal registers. However, switching is inhibited during this phase. In
the second phase, an internal DAC starts ramping up the reference voltage from 0 V to 0.6 V. Depending on the
MODE pin setting, the ramping up time varies from 0.7 ms to 5.6 ms. Smooth and constant ramp-up of the
output voltage is maintained during start-up regardless of load current.

Copyright © 2017-2019, Texas Instruments Incorporated 11


http://www.ti.com/product/tps53119?qgpn=tps53119
http://www.ti.com

13 TEXAS
INSTRUMENTS
TPS53119

JAJSE87A —DECEMBER 2017—-REVISED MARCH 2019 www.ti.com

Table 1. Soft-Start and MODE

MODE SOFT-START
SELECTION (SO TIME (ms) Ruope (k)

0.7 39

) 1.4 100

Auto skip Pulldown to GND

2.8 200

5.6 475

0.7 39

1 1.4 100

Forced CCM® Connect to PGOOD

2.8 200

5.6 475

(1) Device goes into forced CCM after PGOOD becomes high.

When the EN voltage is higher than 5.5 V, a 1-kQ series resistor is needed for the EN pin.

7.3.2 Adaptive ON-Time D-CAP Control and Frequency Selection

The TPS53119 does not have a dedicated oscillator that determines switching frequency. However, the device
operates with 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 (ton « 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 eight preset values by a resistor connected between the RF pin and
GND or between the RF pin and the VREG pin as shown in Table 2. Leaving the resistance open sets the
switching frequency to 500 kHz.

Table 2. Resistor and Switching Frequency

RESISTOR (Rge) CONNECTIONS FRS&"’JEEE'\L\'&HZ)

0Qto GND 250

187 kQ to GND 300

619 kQ to GND 400

Open 500

866 kQ to VREG 650

309 kQ to VREG 750

124 kQ to VREG 850

0 Qto VREG 970

The OFF-time is modulated by a PWM comparator. The VFB node voltage (the mid-point of resistor divider) is
compared to the internal 0.6-V reference voltage added with a ramp signal. When both signals match, the PWM
comparator asserts a set signal to terminate the OFF-time (turn off the low-side MOSFET and turn on high-side
MOSFET). The set signal is valid if the inductor current level is below the OCP threshold, otherwise the off time
is extended until the current level falls below the threshold.

12 Copyright © 2017-2019, Texas Instruments Incorporated
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7.3.3 Small Signal Model
From small-signal loop analysis, a buck converter using D-CAP mode can be simplified as shown in Figure 17.
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DRVH |
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R1 L
Vout
% 3] < PWM CLoongtirgl _m
—»
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[=]
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Driver | IIND l |C IOUT

§ESR

RLoap

NN

Voltage Divider

Ve

T Cour

Output
Capacitor
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Figure 17. Simplified Modulator Model

The output voltage is compared with the internal reference voltage (ramp signal is ignored here for simplicity).
The PWM comparator determines the timing to turn on the high-side MOSFET. The gain and speed of the
comparator can be assumed high enough to keep the voltage at the beginning of each on cycle substantially
constant.

1

H(s)=—————
sxESR x COUT (1)
For the loop stability, the 0-dB frequency, f,, defined below must be lower than % of the switching frequency.
fy = 1 < fsw
2t x ESR x COUT 4 (2)

According to Equation 2, the loop stability of D-CAP mode modulator is mainly determined by the capacitor
chemistry. For example, specialty polymer capacitors (SP-CAP) have an output capacitance on the order of
several 100 puF and ESR in range of 10 mQ. These yields an fy on the order of 100 kHz or less and a more stable
loop. However, ceramic capacitors have an f, at more than 700 kHz, and require special care when used with
this modulator. An application circuit for ceramic capacitor is described in External Parts Selection With All
Ceramic Output Capacitors.

7.3.4 Ramp Signal

The TPS53119 adds a ramp signal to the 0.6-V reference in order to improve jitter performance. As described in
Small Signal Model, the feedback voltage is compared with the reference information to keep the output voltage
in regulation. By adding a small ramp signal to the reference, the S/N ratio at the onset of a new switching cycle
is improved. Therefore the operation becomes less jittery and more stable. The ramp signal is controlled to start
with =7 mV at the beginning of an on-cycle and becomes 0 mV at the end of an off-cycle in steady-state.

During skip mode operation, when the switching frequency is lower than 70% of the nominal frequency (because
of longer OFF-time), the ramp signal exceeds 0 mV at the end of the OFF-time but is clamped at 3 mV to
minimize DC offset.

Copyright © 2017-2019, Texas Instruments Incorporated 13
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7.3.5 Adaptive Zero Crossing

The TPS53119 has an adaptive zero crossing circuit which performs optimization of the zero inductor current
detection at skip mode operation. This function pursues ideal low-side MOSFET turning off timing and
compensates inherent offset voltage of the Z-C comparator and delay time of the Z-C detection circuit. It
prevents SW-node swing-up caused by too late detection and minimizes diode conduction period caused by too
early detection. As a result, better light load efficiency is delivered.

7.3.6 Output Discharge Control

When EN becomes low, the TPS53119 discharges output capacitor using internal MOSFET connected between
the SW pin and the PGND pin while the high-side and low-side MOSFETs are maintained in the OFF state. The
typical discharge resistance is 40 Q. The soft discharge occurs only as EN becomes low. After VREG becomes
low, the internal MOSFET turns off, and the discharge function becomes inactive.

7.3.7 Low-Side Driver

The low-side driver is designed to drive high-current low-Rpg(o, N-channel MOSFETs. The drive capability is
represented by its internal resistance, which is 1 Q for VDRV to DRVL and 0.5 Q for DRVL to GND. A dead time
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 bias voltage VDRV can be delivered from 6.2-V VREG
supply or from external power source from 4.5 V to 6.5 V. The instantaneous drive current is supplied by an input
capacitor connected between the VDRV and PGND pins.

The average low-side gate drive current is calculated in Equation 3.

loL = CaL x Vvpry * fsw @)
When VDRV is supplied by external voltage source, the device continues to be supplied by the VREG pin. There
is no internal connection from VDRV to VREG.
7.3.8 High-Side Driver

The high-side driver is designed to drive high current, low Rpsn N-channel MOSFETs. When configured as a
floating driver, the bias voltage is delivered from the VDRV pin supply. The average drive current is calculated
using Equation 4.

loh = Car x Vvprv * fsw @)

The instantaneous drive current is supplied by the flying capacitor between VBST and SW pins. The drive
capability is represented by internal resistance, which is 1.5 Q for VBST to DRVH and 0.7 Q for DRVH to SW.

The driving power which needs to be dissipated from TPS53119 package.

Porv = (L +leH )* Vwpry ©)

7.3.9 Power Good

The TPS53119 has a power-good output that indicates high when switcher output is within the target. The power-
good function is activated after soft-start has finished. If the output voltage becomes within +10% or —-5% of the
target value, internal comparators detect power-good state and the power-good signal becomes high after a 1-
ms internal delay. If the output voltage goes outside of +15% or —10% of the target value, the power-good signal
becomes low after two microsecond (2-ps) internal delay. The power-good output is an open-drain output and
must be pulled up externally.

In order for the PGOOD logic to be valid, the VDD input must be higher than 1 V. To avoid invalid PGOOD logic
before the TPS53119 is powered up, TI recommends that the PGOOD pin be pulled up to VREG (either directly
or through a resistor divider if a different pullup voltage is desired) because VREG remains low when the device
is powered off. The pullup resistance can be chosen from a standard resistor value between 1 kQ and 100 kQ.

14 Copyright © 2017-2019, Texas Instruments Incorporated
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7.3.10 Current Sense and Overcurrent Protection

TPS53119 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 in that the inductor current is larger than the
overcurrent trip level. In order to provide both good accuracy and cost-effective solution, TPS53119 supports
temperature compensated MOSFET Rpg(n) Sensing. The TRIP pin should be connected to GND through the trip
voltage setting resistor, Rrgpp- The TRIP terminal sources ltgp current, which is 10 pA typically at room
temperature, and the trip level is set to the OCL trip voltage Virp @s shown in Equation 6.

NOTE
The V1gip is limited up to approximately 3 V internally.

Vrrip (MV) =Rrrip (kQ)xIrrip (1A) ©)

The inductor current is monitored by the voltage between GND pin and SW pin so that SW pin should be
connected to the drain terminal of the low-side MOSFET properly. ltgp has 4700-ppm/°C temperature slope to
compensate the temperature dependency of the Rpsen). The GND pin is used as the positive current-sensing
node. The GND pin should be connected to the proper current sensing device, (for example, the source terminal
of the low-side MOSFET.)

As the comparison is done during the OFF state, V1gp sets the valley level of the inductor current. Thus, the load
current at the overcurrent threshold, locp, can be calculated as shown in Equation 7.

b o VTRP__ InD(iipple) __ Vrep T (Vi = Vour )x Vour
ocP 8xR 2 8xR 2xLxfgy VI
DS(on) DS(on) e

In an overcurrent condition, the current to the load exceeds the current to the output capacitor thus the output
voltage tends to fall down. Eventually, it crosses the undervoltage protection threshold and shuts down. After a
hiccup delay (16 ms with 0.7-ms sort start), 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
NCL detect threshold is set as the same absolute value as positive OCL but negative polarity.

NOTE
The threshold still represents the valley value of the inductor current.

7.3.11 Overvoltage and Undervoltage Protection

TPS53119 monitors a resistor divided feedback voltage to detect overvoltage and undervoltage. When the
feedback voltage becomes lower than 70% of the target voltage, the UVP comparator output goes high and an
internal UVP delay counter begins counting. After 1 ms, TPS53119 latches OFF both high-side and low-side
MOSFETSs drivers. The controller restarts after a hiccup delay (16 ms with 0.7-ms soft-start). This function is
enabled 1.5-ms after the soft-start is completed.

When the feedback voltage becomes higher than 120% of the target voltage, the OVP comparator output goes
high and the circuit latches OFF the high-side MOSFET driver and latches ON the low-side MOSFET driver. The
output voltage decreases. If the output voltage reaches UV threshold, then both high-side MOSFET and low-side
MOSFET driver will be OFF and the device restarts after an hiccup delay. If the OV condition remains, both high-
side MOSFET and low-side MOSFET driver remains OFF until the OV condition is removed.

7.3.12 UVLO Protection

The TPS53119 uses VREG undervoltage lockout protection (UVLO). When the VREG voltage is lower than 3.95
V, the device shuts off. When the VREG voltage is higher than 4.2 V, the device restarts. This is non-latch
protection.

7.3.13 Thermal Shutdown

The TPS53119 uses temperature monitoring. If the temperature exceeds the threshold value (typically 145°C),
the device is shut off. This is non-latch protection.

Copyright © 2017-2019, Texas Instruments Incorporated 15
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7.4 Device Functional Modes

7.4.1 Light Load Condition in Auto-Skip Operation

While the MODE pin is pulled low through Ryope, TPS53119 automatically reduces the switching frequency at
light load conditions to maintain high efficiency. Detailed operation is described as follows. As the output current
decreases from heavy load condition, the inductor current is also reduced and eventually comes to the point that
its rippled valley touches zero level, which is the boundary between continuous conduction and discontinuous
conduction modes. The synchronous MOSFET is turned off when this zero inductor current is detected. As the
load current further decreases, the converter runs into discontinuous conduction mode (DCM). The ON-time is
kept almost the same as it was in the continuous conduction mode so that it takes longer time to discharge the
output capacitor with smaller load current to the level of the reference voltage. The transition point to the light
load operation gy (that is, the threshold between continuous and discontinuous conduction mode) can be
calculated as shown in Equation 8.

1 y (Vin —Vour )x Vour

| =
OUT(LL) = 23 L fayy Vin
where
+ fgy is the PWM switching frequency (8)

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 from the 10, given in Equation 8. For example, it is 60
kHz at 10, / 5 if the frequency setting is 300 kHz.

7.4.2 Forced Continuous Conduction Mode

When the MODE pin is tied to PGOOD through a resistor, the controller keeps continuous conduction mode
(CCM) in light load condition. In this mode, switching frequency is kept almost constant over the entire load
range, which is suitable for applications need tight control of the switching frequency at a cost of lower efficiency.
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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 TPS53119 device is a small-sized, single-buck controller with adaptive ON-time DCAP mode control.

8.2 Typical Applications

8.2.1 Typical Application With Power Block

R10 R9
100 kQ 0Q

VREG

VIN

R1 PGOOD

PGOOD NC VBST DRVH

TPS53119

187 kQ

|||—

= = PGOOD VDD

p— C5
0.1 uF

CiN

Izz uF x 4

SW

CSD86350

L1

0.44 uH
PA0513.441

Vour

Cour
POSCAP

Isao pF x 2

Copyright © 2017, Texas Instruments Incorporated

Figure 18. Typical Application Circuit Diagram With Power Block
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Typical Applications (continued)
8.2.1.1 Design Requirements
This design uses the parameters listed in Table 3.
Table 3. Design Specifications
PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
INPUT CHARACTERISTICS
VN Voltage range 5 12 18 \%
Maximum input current ViIN=5V,lout=25A 10 A
Imax No load input current \n/1|2d=e 12 V, loyt = 0 A with auto-skip 1 mA
OUTPUT CHARACTERISTICS
Output voltage 1.2
Vour | I';iggll\’/(legulation, 5V <V <14V with 0.2% v
Output voltage regulation -
Load regylatlon, Vin=12V,0A < oyt 0.5%
< 25 A with FCCM
VRiPPLE Output voltage ripple ViN =12V, loyt = 25 A with FCCM 10 mVpp
lLoaD Output load current 0 25 A
lover Output overcurrent 32
tss Soft-start time 1 ms
SYSTEMS CHARACTERISTICS
fsw Switching frequency 500 kHz
Peak efficiency ViNn=12V,Vour =12V, lgyt =4 A 91%
i Full load efficiency ViNn=12V,Vour=1.2V, lgy1 =8 A 91.5%
Ta Operating temperature 25 °C

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPS53119 device with the WEBENCH® Power Designer.
1. Start by entering the input voltage (V|y), output voltage (Voyt), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance

* Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.

18 Copyright © 2017-2019, Texas Instruments Incorporated
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8.2.1.2.2 External Components Selection

Selecting external components is a simple process using D-CAP mode.
1. Choose the Inductor

The inductance should be determined to give the ripple current of approximately % to ¥2 of maximum output
current. Larger ripple current increases output ripple voltage and improves the signal-to-noise ratio and helps
stable operation.

1 (VIN(max) —Vour )< Vout 3 (VIN(max) —Vour )< Vout
X = X

IIND(rippIe) x fsw VlN(max) IOUT(max) * fsw VlN(max) ©)

I_ =
The inductor also requires a low DCR to achieve good efficiency. It also requires enough room above the
peak inductor current before saturation. The peak inductor current can be estimated in Equation 10.

Vrrip 1 (VIN(max) —Vour )X Vout
x RDS(on) L x fsw VlN(max) (10)

IIND(peak) = 8

2. Choose the Output Capacitor

When organic semiconductor capacitors or specialty polymer capacitors are used, for loop stability,
capacitance and ESR should satisfy Equation 2. For jitter performance, Equation 11 is a good starting point
to determine ESR.

Esr - Vour x10mVx(1-D) _10mVxLxfgy _ Lxfgy @
0.6V < hyp(ipple) 0.6V 60

where
* D is the duty factor

« the required output ripple slope is approximately 10 mV per tgy (switching period) in terms of VFB terminal
voltage (11)

3. Determine the Value of R1 and R2

The output voltage is programmed by the voltage-divider resistor, R1 and R2 shown in Figure 17. R1 is
connected between the VFB pin and the output, and R2 is connected between the VFB pin and GND.
Recommended R2 value is between 10 kQ and 20 kQ. Determine R1 using Equation 12.

InD ripple) ¥ ESR
R1= xR2

0.6 12)
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8.2.1.3 Application Curves
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8.2.2 Typical Application With Ceramic Output Capacitors

R1
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§R2
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2 PGOOD VDD - Copyright © 2017, Texas Instruments Incorporated
Figure 22. Typical Application Circuit Diagram With Ceramic Output Capacitors
8.2.2.1 Design Requirements
This design uses the parameters listed in Table 4.
Table 4. Design Specifications
PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT
INPUT CHARACTERISTICS
VN Voltage range 5 12 18 \%
Maximum input current ViN=5V,lout=8A 2.5 A
I = - . ~ .
MAX No load input current Vin =12V, lour = 0 A with auto-skip 1 mA
mode
OUTPUT CHARACTERISTICS
Output voltage 1.2
Line regulation, 5 V £ V|\ £ 14 V with 0.2%
Vout ) FCCM \Y
Output voltage regulation -
Load regulation, Viy =12 V, 0 A < Iyt 0.5%
< 8 A with FCCM =70
VRiPPLE Output voltage ripple ViN =12V, loyt = 8 A with FCCM 10 mVpp
lLoaD Output load current 0 8 A
lover Output overcurrent 25
tss Soft-start time 1 ms
SYSTEMS CHARACTERISTICS
fsw Switching frequency 500 1000 kHz
Peak efficiency VIN =12V, VOUT =12V, IOUT =4 A 91%
i Full load efficiency ViNn=12V,Vour=1.2V, lgy1 =8 A 91.5%
Ta Operating temperature 25 °C
Copyright © 2017-2019, Texas Instruments Incorporated 21
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8.2.2.2 Detailed Design Procedure

8.2.2.2.1 External Parts Selection With All Ceramic Output Capacitors

When a ceramic output capacitor is used, the stability criteria in Equation 2 cannot be satisfied. The ripple
injection approach as shown in Figure 22 is implemented to increase the ripple on the VFB pin and make the
system stable. C2 can be fixed at 1 nF. The value of C1 can be selected between 10 nF to 200 nF.

The increased ripple on the VFB pin causes the increase of the VFB DC value. The AC ripple coupled to the
VFB pin has two components, one coupled from SW node and the other coupled from Vg1 and they can be
calculated using Equation 13 and Equation 14.

v _(VlN—VOUT)X D
INJSW) =~ R7xCf

fsw (13)
IIND(rippIe)
V, =ESRxI ) 4y
INJ(OUT IND(ripp!
(©uT) (fieple) ™ 8 x Cour x fsw (14)
The DC value of VFB can be calculated by Equation 15.
(v VY, )
INJ(SW INJ(OUT
VFB =06+ ( ) ( )

2 (15)

And the resistor divider value can be determined by Equation 16.

V, -V
R1= M % R2
Ve (16)

8.2.2.3 Application Curves
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9 Power Supply Recommendations

The TPS53119 is a small-sized single-buck controller with adaptive ON-time D-CAP mode control. The device is
suitable for low output voltage, high current, PC system power rail and similar point-of-load (POL) power supplies
in digital consumer products.

10 Layout

10.1 Layout Guidelines

Certain points must be considered before starting a layout work using the TPS53119.

* Inductors, V,y capacitors, Vout capacitors and MOSFETSs are the power components and must be placed on
one side of the PCB (solder side). Place other small signal components on another side (component side).
Insert at least one inner plane, connected to power ground, in order to shield and isolate the small signal
traces from noisy power lines.

» Place all sensitive analog traces and components such as VFB, PGOOD, TRIP, MODE, and RF 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.

» The DC-DC converter has several high-current loops. The area of these loops must be minimized in order to
suppress generating switching noise.

— The most important loop to minimize the area of is the path from the Vy capacitors through the high and
low-side MOSFETS, and back to the capacitors through ground. 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 VOUT capacitors at ground as close as possible.

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

» Because the TPS53119 controls output voltage referring to voltage across Vgoyt capacitor, the high-side
resistor of the voltage divider should be connected to the positive node of Voyt capacitor at the regulation
point. Connect the low-side resistor to the GND (analog ground of the device). The trace from these resistors
to the VFB pin must be short and thin. Place on the component side and avoid vias between these resistors
and the device.

» Connect the overcurrent setting resistors from the TRIP pin to GND and make the connections as close as
possible to the device. The trace from TRIP pin to resistor and from resistor to GND should avoid coupling to
a high-voltage switching node.

» Connect the frequency setting resistor from RF pin to GND, or to the PGOOD pin and make the connections
as close as possible to the device. The trace from the RF pin to the resistor and from the resistor to GND
should avoid coupling to a high-voltage switching node.

e Connect all GND (analog ground of the device) trace together and connect to power ground or ground plane
with a single via or trace or through a 0-Q resistor at a quiet point

» 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 traces 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, must be as short and wide as possible.

» Connect the ripple injection Vgyt signal (Voyur side of the C1 capacitor in Figure 22) from the terminal of
ceramic output capacitor. The AC-coupling capacitor (C7 in Figure 22 ) can be placed near the device.
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10.2 Layout Example

Warning components may be hot
J3 For more informotion visit www.ti.com
TP6 TP1 TP2 TP3 p.ople TP13 TP11 TPg TP1@
P13 et
MODE VREG PGOOD EN VDD GND CHA CHB
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[
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Figure 26. TPS53119EVM-690 Top Layer Assembly Drawing, Top View
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Figure 27. TPS53119EVM-690 Bottom Assembly Drawing, Bottom View
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Layout Example (continued)

Figure 28. TPS53119EVM-690 Top Copper, Top View
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Figure 29. TPS53119EVM-690 Layer-2 Copper, Top View
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Layout Example (continued)
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Figure 30. TPS53119EVM-690 Layer-3 Copper, Top View
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Figure 31.

TPS53119EVM-690 Layer-4 Copper, Top View
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Layout Example (continued)
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Figure 32. TPS53119EVM-690 Layer-5 Copper, Top View
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Figure 33. TPS53119EVM-690 Bottom Layer Copper, Top View
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11.1 FINAR - HR—F
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WEBENCH Power DesignerTiX, 7 AZ~ A XEHUIZRIEE [ &S U AN | VT L5 A LOATEE L5 5 OTE G & O
THBRTEET,

B ROBEEFEITARET T,

o BRI Ial—TarmFITL, EERNIFLRIEEOMEREE MRS T D,

o Bl —lalEBFEITL, FROBERE AR TS,

o HAFVARINIZEFE KL AT U N, —f&A72CAD 7 +—~ v N CTH 135,

o REHDOULR—IEZPDFCHIRIL ., REF24E 1%,
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11.3 AZa=54-UVY—2X

The following links connect to Tl community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see Tl'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 Tl's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 HE

Eco-Mode, D-CAP, E2E are trademarks of Texas Instruments.
WEBENCH is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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11.6 Glossary

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS53119RGTR Active Production VQFN (RGT) | 16 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -20to 85 53119
TPS53119RGTR.A Active Production VQFN (RGT) | 16 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -20to 85 53119
TPS53119RGTT Active Production VQFN (RGT) | 16 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -20 to 85 53119
TPS53119RGTT.A Active Production VQFN (RGT) | 16 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -20to 85 53119

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS53119RGTR VQFN RGT 16 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS53119RGTT VQFN RGT 16 250 180.0 12.4 33 3.3 11 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS53119RGTR VQFN RGT 16 3000 346.0 346.0 33.0
TPS53119RGTT 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
RGTOO16A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—]

2.9

1 MAX

0.05
0.00

— [J1.45+0.1 |=—

a‘ (0.2) TYP
8
U T U J a8 EI:(ESI\S/IEI:_) PAD [D

-
C SQAM

N L b |

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

4219032/A 02/2017

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.

4. Reference JEDEC registration MO-220
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EXAMPLE BOARD LAYOUT
RGTOO16A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER MASK DETAILS
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NOTES: (continued)

5. 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).
6. 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.

i3 Texas
INSTRUMENTS

www.ti.com



EXAMPLE STENCIL DESIGN
RGTOO16A VQFN - 1 mm max height

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

EXPOSED PAD 17:

86% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:25X
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NOTES: (continued)

7. 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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