Technical
documentation

'E Ordering &

6 o quality

13 TEXAS
INSTRUMENTS

Design &

Support &
development E training

TPS922052, TPS922053, TPS922054, TPS922055
SLVSGGYA — JUNE 2023 — REVISED SEPTEMBER 2023

TPS92205x 65-V 2-A | 4-A Buck LED Driver with Inductive Fast Dimming

1 Features

* 4.5-V to 65-V wide input range

* LED common anode connection

* Integrated 150-mQ MOSFET with typical 3-A / 6-A
current limit

» Optional switching frequency: 100 kHz to 2.2 MHz

» Spread spectrum for TPS922053 and TPS922055

* Advanced dimming options:

— Analog dimming (256:1)

— Fast PWM dimming (150-ns pulse width)

— Hybrid and flexible dimming (2,000:1 at 20-kHz
PWM, 10,000:1 at 4-kHz PWM, 1,000,000:1 at
120-Hz PWM)

* CC/CV charging mode
» Full protection features:

— LED open and short protection

— Switching FET open and short protection

— External component failure protection

— Cycle-by-cycle current limit

— Thermal shutdown

— Fault output (open drain)

» Configurable thermal foldback curve
* VSON, WSON and SOT23 package options

2 Applications

* Constant illumination:
— Indoor, outdoor, professional lighting
— Medical, surgical lighting
— Projector, laser TV, printer, IP camera
e Instant illumination:
— Machine vision, camera flash
— Fire alarm, strobe
* CC and CV source:
— LCD backlighting
— Battery charging
— TEC control
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3 Description

The TPS92205x family is a 2-A / 4-A non-
synchronous Buck LED driver with 4.5-V to 65-V
wide input range. By integrating the low-side NMOS
switch, the device is capable of driving LEDs as well
as charging batteries with high power density and
high efficiency. The family also supports common
anode connection and single layer PCB design. The
switching frequency is configurable from 100 kHz to
2.2 MHz with optional spread spectrum feature for
better EMI performance.

The TPS92205x family supports four dimming
options, including analog, PWM, hybrid and flexible
dimming. Each dimming method can be configured
through the PWM and ADIM input pins by means
of simple high and low signals. The family adopts
an adaptive off-time current mode control along with
smart and accurate sampling to enable inductive fast
dimming (IFD) and achieve high dimming accuracy.

The TPS92205x family also provides multiple
systematic protections, including LED open and short,
sense resistor open and short, configurable thermal
foldback and thermal shutdown. A Fault output
sends out acknowledge signals as soon as any fault
condition is detected.

Device Information

PART NUMBER PACKAGE BODY SIZE (NOM)
VSON (14) 4.5 mm x 3.0 mm
TPS92205x
WSON (12) 3.0 mm x 3.0 mm
TPS922052,
TPS922053 SOT-23-THN (14) 4.2 mm x 3.3 mm
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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 Device Comparison Table

Part Number Package Typical Current Limit Spread Spectrum |Operation Junction
Temperature
TPS922052DMTR VSON (14) 3A Disabled -40°Cto 125°C
TPS922052DRRR WSON (12) 3A Disabled -40°Cto 125°C
TPS922052DYYR SOT-23-THN (14) 3A Disabled -40 °Cto 125 °C
TPS922053DMTR VSON (14) 3A Enabled -40°Cto 125°C
TPS922053DRRR WSON (12) 3A Enabled -40°Cto 125°C
TPS922053DYYR SOT-23-THN (14) 3A Enabled -40°Cto 125°C
TPS922054DMTR VSON (14) 6 A Disabled -40°Cto 125°C
TPS922054DRRR WSON (12) 6 A Disabled -40°Cto 125°C
TPS922054MDMTR VSON (14) 6A Disabled -55°Cto 125 °C
TPS922055DMTR VSON (14) 6 A Enabled -40°Cto 125°C
TPS922055DRRR WSON (12) 6 A Enabled -40°Cto 125 °C
TPS922055MDMTR VSON (14) 6 A Enabled -55°Cto 125 °C

Copyright © 2023 Texas Instruments Incorporated
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6 Pin Configuration and Functions
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Table 6-1. Pin Functions

PIN
TYPE(") DESCRIPTION
NAME SOT23-14 | VSON-14 | WSON-12
PGND 1 1 Thermal G Power ground pin.
Pad
AGND 2 2 Thermal G Analog ground pin.
Pad
VIN 1 P Input power pin.
VCC 4 4 2 P Internal LDO output pin. Connect with a 10-V, 1-yF capacitor to AGND.
ADIM/HD 5 5 3 | Analog dimming or hybrid dimming pin. Pull high for PWM dimming only,
pull low for hybrid dimming, input PWM signal for analog dimming.
Enable pin or PWM dimming pin. Pull high for always on, pull low for
EN/PWM 6 6 4 ! disabling the device, input PWM signal for PWM dimming.
FAULT 7 7 5 (0] Open drain output pin. Pull low when fault is detected.
TEMP 8 8 6 /0 Thermal foldback pin. P_ut different resistor values to AGND to set different
thermal foldback behavior curves.
FSET 9 9 7 /o Switching frequency set pin, with range of 100 kHz to 2.2 MHz. Put
different resistor values to AGND for different switching frequencies.
Error-amilifier output pin. Connect capacitors to AGND. Different capacitor
COMP 10 10 8 Vo values determine different softstart times and bandwidths.
Undervoltage detection pin. Put different resistor dividers to set the LED
UVP 11 1 9 | f
open detection thresholds.
CSP 12 12 10 | LED current sense positive pin.
CSN 13 13 11 | LED current sense negative pin.
SwW 14 14 12 p Switching node pin. Internally connected to the low-side MOSFET.
Connect with the power inductor and the schottky diode.
Thermal Pad N/A Y Y G Power/analog ground pin for WSON-12 package.
(1) 1= Input, O = Output, P = Supply, G = Ground

Copyright © 2023 Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings
over operating ambient temperature range (unless otherwise noted)("

MIN MAX UNIT

Voltage on pins VIN, UVP, CSP, CSN, SW -0.3 65 \%
Voltage on pins VCC, ADIM/HD, EN/PWM, FAULT, TEMP, FSET, COMP -0.3 5.5 \
Operation junction temperature T, —40 125 °C
Operation junction temperature

(TPS922054MDMTR, TPS922055M | T, -55 125 °C
DMTR)

Storage temperature Tstg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. Theseare stress

ratings only, which do not imply functional operation of the device at these or anyother conditions beyond those indicated

under Recommended OperatingConditions. Exposure to absolute-maximum-rated conditions for extended periods mayaffect device

reliability.

7.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
V(Esp) Electrostatic discharge - — \
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) +500
(1) JEDEC document JEP155 states that 500-V HBM allows safemanufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safemanufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)
MIN MAX UNIT
Input voltage range VIN 4.5 63 \
Input voltage range UVP, CSP, CSN 0 63 \Y
Input voltage range VCC, ADIM/HD, EN/PWM, TEMP, FSET 0 5 \Y
SwW 0 63 \Y
Output voltage range
FAULT, COMP 0 5 \%
Operation junction temperature | T, —40 125 °C
Operation junction temperature
(TPS922054MDMTR, TPS9220 |T, -55 125 °C
55MDMTR)
7.4 Thermal Information
TPS92205x TPS92205x TPS92205x
THERMAL METRIC(") SOT WSON VSON UNIT
14 PINS 12 PINS 14 PINS
Resa Junction-to-ambient thermal resistance 96.0 47.4 39.1 °C/W
RaJcitop) Junction-to-case (top) thermal resistance 33.5 44.2 39.5 °C/W
Rgys Junction-to-board thermal resistance 33.1 19.7 14.7 °C/W
Wyt Junction-to-top characterization parameter 0.7 1.0 0.9 °C/W
Wi Junction-to-board characterization parameter 32.9 19.7 14.7 °C/W

(1)  For more information about traditional and new thermalmetrics, see the Semiconductor and IC Package Thermal Metricsapplication

report, SPRA953.
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7.5 Electrical Characteristics

The electrical ratings specified in this section apply to all specifications in this document, unless otherwise noted. These

specifications are interpreted as conditions that do not degrade the device parametric or functional specifications for the life
of the product containingit. T; = —-40°C to +125°C, V|y = 4.5V to 60 V, (unlessotherwise noted).

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX| UNIT
INPUT SUPPLY
Rising V|y 3.0 3.2 34 \
Vun oveo V|\ undervoltage lockout Falling Vin 28 30 32 v
Hysteresis 0.2 \Y
Isp Shut down current from Vy ViN =12V, Venpwm = 0V, device disabled 0.8 2.3 uA
lorg PWM off quiesent current from Vy Vin =12V, Venpwm = 0V, device enabled 25 mA
lop Normal operating current 400-kHz switching frequency 4.6 mA
lop Normal operating current 2.2-MHz switching frequency 10.0 mA
Vvee Internal LDO output voltage lvcc =10 mA 5.0 5.15 5.3 \Y
lvee_Lim Internal LDO output current limit 38 47 56| mA
DIMMING
Vewm_L Low-level input voltage 0.4 \%
VpwmM_H High-level input voltage 1.2 \%
Vabim L Low-level input voltage 0.4 \Y
VabiM_H High-level input voltage 1.2 \Y
tPwm_ouT_oN PWM output minimum on time 150 ns
tPwM_IN_ON PWM input minimum on time 150 ns
tPwM_IN_OFF PWM input minimum off time to disable device 57 77 ms
fapim Analog Dimming input frequency 6-bit ADIM resolution 0.1 156| kHz
fapim Analog Dimming input frequency 8-bit ADIM resolution 0.1 39| kHz
FAULT
VoL Output level low I =3 mA 0.1 \Y
ILEAKAGE Output leakage current V=5V 1 UA
FEEDBACK AND ERROR AMPLIFIER
IMea) Transconductance gain CS(')"“;';S(;O_/; ‘\’/”ty cycle, Vese.csn = 200 mV, 205 265 325| pANV
Icomp Source/sink current Qgéh:lnclog?od'wl:);iyg?/ Vesp-osn =200 mV £ +24 +40 56| A
Vesp-csN Current sense threshold ADIM 100% duty cycle 194 200 206 mVv
Vesp-csN Current sense threshold '23;'\1;(565% duty cycle, compared with 100% 11.875 125 13.125 %
Vesp-csN Current sense threshold 23;“1;&::% duty cycle, compared with 100% 0.82 117 1.52 %
ILEAK_CSPIN CSP+CSN pin leakage current Vin=60V, Venpwm =5V 22 31 uA
ILEAK_CSPIN CSP+CSN pin leakage current ViN =60V, Venpwm =0V 10 15 UA
POWER STAGE
Rpson Switching FET on resistance Vn25V 150 mQ
tmin_oN Switching FET minimum on time 100 ns
tmin_OFF Switching FET minimum off time 100 ns
fsw Switching FET frequency 0.1 2.2| MHz
CURRENT LIMIT
ST e o R
L Switching FET cycle-by-cycle current limit 5.2 6 7 A
(TPS922054, TPS922055)
THERMAL PROTECTION
Tih Thermal foldback starting temperature threshold | Rrgyp = 20 kQ 130 °C

Copyright © 2023 Texas Instruments Incorporated
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The electrical ratings specified in this section apply to all specifications in this document, unless otherwise noted. These
specifications are interpreted as conditions that do not degrade the device parametric or functional specifications for the life
of the product containingit. T; = —-40°C to +125°C, V,y = 4.5V to 60 V, (unlessotherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Thermal shutdown temperature 165 °C
Trsp -
Hysteresis 15 °C
8 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated
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7.6 Typical Characteristics

ViNn=24V, loyt =3 A, LED count =2, L = 10 pH, Fgy = 400 kHz, unless otherwise specified
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Figure 7-4. PWM Duty Cycle vs. CSP-CSN Voltage in 20-kHz
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7.6 Typical Characteristics (continued)
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Figure 7-7. Switching FET Rpgoy Vvs. Junction Temperature
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8 Detailed Description
8.1 Overview

The TPS92205x family is a 2-A / 4-A non-synchronous Buck LED driver with 4.5-V to 65-V wide input range. By
integrating the low-side NMOS switch with constant current and constant voltage controls, the device is capable
of not only driving LEDs but also charging batteries with high power density and high efficiency. The device also
supports common anode connection and single layer PCB design, hence saving cost of connector, harness and
PCB. The switching frequency is configurable through FSET pin, ranging from 100 kHz to 2.2 MHz, with optional
spread spectrum feature to decrease the EMC emission and reduce the input filter size.

The device supports four dimming options, including analog dimming, PWM dimming, hybrid dimming and
flexible dimming. Each dimming method can be configured through the PWM and ADIM input pins by means of
simple high/low sequencing signals at startup. In PWM dimming mode, once the dimming mode is configured,
LED is turned on and off corresponding to on and off of the PWM input signal at PWM input pin. The PWM
dimming mode supports ultra-narrow pulse width down to 150 ns. In analog dimming mode, LED current is
regulated corresponding to the pulse width duty cycle of the PWM input signal at ADIM input pin. In hybrid
dimming mode, the LED current is controlled by a pre-determined combination of analog dimming and PWM
dimming through the PWM input signal at PWM input pin. In flexible dimming mode, the LED current is controlled
by analog dimming through the PWM input signal at ADIM input pins and PWM dimming through the PWM input
signal at PWM input pins, respectively. The device adopts an adaptive off-time current mode control along with
smart and accurate sampling to enable Inductive Fast Dimming (IFD) and achieve high dimming accuracy. The
compensation bandwidth can be adjusted through an external capacitor based on system requirement.

For safety and protection, the devices support full systematic protections including LED open and short, sense
resistor open and short, configurable thermal foldback and thermal shutdown protection. The fault output pin
sends out acknowledge signals as soon as any fault condition is detected.

8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 Adaptive Off-Time Current Mode Control

The TPS92205x device adopts an adaptive off-time current mode control to support fast transient response over
a wide range of operation. The switching frequency is configurable through FSET pin, ranging from 100 kHz to
2.2 MHz.

For average output current regulation, the sensed voltage across the sensing resistor between the CSP and
CSN pins is compared with the internal voltage reference, Vrer , through the error amplifier. The output of the
error amplifier, Vcomp, passes through an external compensation network and is then compared with the peak
current feedback at the PWM comparator. During each switching cycle, when the internal NMOS FET is turned
on, the peak currernt is sensed through the internal FET. When the sensed value of peak current reaches Vcomp
at the input of PWM comparator, the NMOS FET is turned off and the adaptive off-time counter starts counting.
Once the adaptive off-time counter stops counting, the counter is reset until when the NMOS FET stays off.
The counting off time is determined by the external resistor connected to the FSET pin and the input/output
feedforward. Thus, the device is able to maintain a nearly constant switching frequnecy at steady state and
regulate the output average current at a desired value.

Vi

EA Triggers MOSFET OFF

Veowp — — — — — _—— - — — — - — — — — -

IL X Rdson

I I
I I
I I
I I
|«¢— Adaptive OFF —>I j—

Adaptive OFF —>I

a

Figure 8-1. Adaptive off-time current mode control method

8.3.1.1 Switching Frequency Settings

The switching frequency of TPS92205x device is adjustable from 100 kHz to 2.2 MHz by means of changing
Reset connected between FSET pin and AGND. The default switching frequency is 100 kHz when the FSET pin
is connected to nothing.

The resistor value and the corresponding switching frequency are listed in the below table:

Table 8-1. Switching Frequency vs. Rgset Resistor Value

Switching Frequency Resistor Value (kQ)
100 kHz 232
200 kHz 138
300 kHz 83
400 kHz 59
600 kHz 38
800 kHz 28
1 MHz 23
1.2 MHz 18
1.5 MHz 13
1.8 MHz 11
2.2 MHz 9
12 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated
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For example, if Rgse is set to 59 kQ, the corresponding switching frequency is set to 400 kHz.
In most cases, the lower switching frequency, the higher system efficiency and the better thermal behavior.
8.3.1.2 Spread Spectrum

The TPS922053 and TPS922055 devices enable the spread spectrum feature (£7% from central frequency,
2-kHz modulation frequency) which reduces EMI noise at the switching frequency and its high-order harmonics.

On the other hand, the TPS922052 and TPS922054 devices disable the spread spectrum feature toward better
brightness performance in low brightness scenario.

8.3.2 Setting LED Current

The LED current is set by the external sensing resistor between CSP and CSN pins. The internal voltage
reference, Vrer, is fixed at 200 mV for full-scale LED current, I gp s, and the sensing resistor can be calculated
using Equation 1.

VREF
ILED_FS

RsgENSE = 1

where
® VREF =200 mV

8.3.3 Undervoltage Lockout

The TPS92205x family implements an internal undervoltage-lockout (UVLO) circuitry connecting to the VCC pin.
The UVLO is triggered and then the device is disabled when the VCC pin voltage falls below the internal UVLO
threshold voltage, Vyin uvLo typically 3.0 V, with a typical 0.2-V hysteresis. The VCC pin is the output of an
internal regulator of which the input is supplied by the VIN pin. Therefore, if VIN pin voltage falls close to above
the Vyin_uvLo (around 500 mV above), the UVLO will be triggered.

8.3.4 Internal Soft Start

The TPS92205x family implements the internal soft-start function. Once Vy rises above Vyiny min, the internal
LDO starts to charge V¢ capacitor. It takes approximately 800 ps for V¢ to rise above Vyy uvio if @ 1-uF
capacitor is connected to V¢ pin. If EN/PWM pin is pulled high before V¢ rises above Vi uvio, the POR
is enabled right after V¢ above Vyy uvio and waits for 100 us to start dimming mode. EN/PWM pin has to
stay high for more than 5 ps after V¢ rises above Vyn uvio. In this case, if using 1-uF Vce capacitor, it is
recommended to wait for 1 ms to start dimming mode after V) rises above VVIN_MIN-

If EN/PWM pin has the first PWM pulse appearing after V¢ rises above Vy N uvLo, the device waits for 200 ps
to enable POR and another 100 ps to start dimming mode. Hence, without triggering V5 UVLO, the device can
be renabled after disabled and waits for 300 ps to start dimming mode. Note that the initial enable PWM pulse
lasting more than 5 ps is required at EN/PWM input pin to enable the device. After dimming mode is started, the
device enters four different dimming modes based on the configuration of ADIM/HD pin and EN/PWM pin.
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ViN ViN
VVIN_MIN VVINMIN

VVIN_uvLo
T Vee [
| ! |
I A
| |
| |
| |
I | >5ps | >5Us
EN > | EN : —>
| |
| |
' |
>
| 200us
POR POR
! |
—
Dimming I100ps Dimming 1100us
Mode Start Mode Start
EN High Before Vce > Vvin_uvio EN High After Vcc > Vvin_uvio

Figure 8-2. Startup Sequence

8.3.5 Dimming Mode

The TPS92205x family has four optional dimming modes:
« PWM dimming

* Analog dimming

* Hybrid dimming

* Flexible dimming

The dimming mode is started either 1 ms after V|y exits UVLO or 300 us after renable by EN/PWM pin. The
configuration to one of the four dimming modes are shown as below

Table 8-2. Dimming Mode Configuration

Dimming Mode EN/PWM Pin ADIM/HD Pin
PWM Dimming PWM signal High
Analog Dimming High PWM signal
Hybrid Dimming PWM signal Low
Flexible Dimming PWM signal PWM signal
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8.3.5.1 PWM Dimming

The TPS92205x family supports PWM input signals with ultra-narrow pulse width down to 150 ns for direct PWM
dimming. The PWM dimming mode is enabled when the ADIM/HD input pin is always high and the EN/PWM
input pin is configured by a PWM input signal.

In PWM dimming mode, when the PWM input signal at the PWM pin turns from low to high, the internal NMOS
FET starts switching and the inductor current rises to the determined value. The LED current is then regulated at
the determined value as long as the PWM input signal stays high. When the PWM input signal turns from high to
low, the internal FET is turned off causing the inductor current falling to zero. The internal FET maintains off and
the LED current stays zero as long as the PWM input signal stays low.

8.3.5.2 Analog Dimming

The TPS92205x family supports analog dimming which regulates the LED current through the PWM input signal
at the ADIM/HD pin. The analog dimming mode is enabled when the EN/PWM pin is always high and the
ADIM/HD pin is configured by a PWM input signal.

The internal voltage reference, VRgr, starts to rise after the first PWM pulse appears at the ADIM/HD pin. A 1-us
minimum on-time of the first PWM pulse is required for the internal digital circuits to enter the analog dimming
mode. VRrer continues to increase until the end of second PWM cycle and then changes to the desired value in
proportion to the duty cycle of the PWM pulse. The minimum on-time of the PWM pulse after the first is 100 ns
for the digital circuits to detect the duty cycle.

Vger is 200 mV when the PWM input signal at the ADIM/HD pin has a 100% duty cycle, for instance, and Vggf is
20 mV when the PWM input signal has a 10% duty cycle. The initial change takes approximately 5 ms if Vggr is
200 mV. The analog dimming enables 8-bit resolution which corresponds to 0.4% duty cycle step change at the
ADIM/HD pin. Also, the circuit is able to respond to the duty cycle change of the PWM input signal with tens of
micro-seconds delay.

8.3.5.3 Hybrid Dimming

The TPS92205x family supports a unique hybid dimming function to maximize the dimming performance,
especially when both high dimming frequency and high dimming ratio are needed. The hybrid dimming mode is
enabled when the ADIM/HD pin is always low and the EN/PWM pin is configured by a PWM input signal.

In the hybrid dimming mode, the LED current is regulated by the analog dimming at high brightness level (12.5%
to 100%) and by the PWM dimming at low brightness level (0% to 12.5%), respectively. At high brightness level,
the internal voltage reference, Vrer, changes in proportion to the duty cycle of the PWM input signal at the
EN/PWM pin with 8-bit resolution. At low brightness level, Vrer stays unchanged and an internal PWM generator
is enabled. Thus, the LED is turned on and off corresponding to the on and off of the internal PWM signal of
which the frequency and the duty cycle are configured by the PWM input signal at the EN/PWM pin. In addition,
the internal PWM signal has a 0.4% hystersis response when the PWM input duty cycle changes between
increasing and decreasing. The detailed hybrid dimming behavior is illustrated in the below figure.
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D=100% : D=75% : D=50% : D=25% : D=12.5% : D=6.25% : D=3.125%
1
:47 Ton —»]
EN/PWM |
Input — Trwm >
|
100% Ieo : |

ILeo

D=50% D=25%
Hybrid Mode
Figure 8-3. Hybrid Dimming
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8.3.5.4 Flexible Dimming

The TPS92205x family also supports flexible dimming to maximize the dimming ratio and the flexibility of
dimming control, in which the LED current value and the on/off behavior can be controlled independently. The
flexible dimming mode is enabled when both the ADIM/HD pin and the EN/PWM pin are configured by PWM
input signals at the same time. Therefore, in fleixble dimming mode, the LED is turned on and off corresponding
to the on and off of the PWM input signal at the EN/PWM pin while the reference voltage changes in proportion
to the duty cycle of the PWM input signal at the ADIM/HD pin. All the initial conditions and resolutions of PWM
dimming and analog dimming apply to the flexible dimming.

D=100% : D=75% : D=50% : D=25% : D=12.5% : D=6.25% : D=3.125%
| _ _ _
|
'47 Ton —]
Analog/HD |
Input |<7 Trwm
|
|
D=100% : D=75% : D=50% : D=25% : D=12.5% : D=6.25% : D=3.125%
| _ _ _
|
ldf Ton —
EN/PWM |
Input |<7 Trwm
|
|
100% I.eo | | | | | |
D=75% | | I I I
_7_51°/_o__ | | | | |
D=50% | I I I
50% | | | |
ILeo D=25% | | |
25% | | |
D=12.5% | |
125% ' D=6.25% |
6.25% | 0 D=3.125%
0% -IL-EE -------------------------------- I I I %1 25. é’- n
Flexible Mode

Figure 8-4. Flexible Dimming

8.3.6 CC/CV Charging Mode

The TPS92205x family enables constant current (CC) / constant voltage (CV) charging operation by configuring
UVP pin. When Vyyp is above the CC threshold V¢ 1y determined by users, the device performs as a
controllable constant current source and generates a relatively low output current controlled by a low-duty-cycle
PWM signal at ADIM/HD pin for pre-charge. When Vyp is below Ve 1 but above 1.4 V, the device generates
a relatively high output current controlled by a high-duty-cycle PWM signal at ADIM/HD pin for CC operation.
CV charging mode is enabled and the output current continuously decreases after Vp falls below 1.4 V. The
device then returns to CC operation mode once Vyp rises above 1.4 V.
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Figure 8-5. CC/CV Mode Transition
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8.3.7 Fault Protection

The TPS92205x family is able to provide fault protections and send fault report signals in many fault conditions,
including LED open, LED % short, LED short to PGND, sense resistor open and short, internal switching FET

open and short, and thermal shutdown.

Table 8-3. Protections

TYPE

CRITERION

BEHAVIOR

LED open load

Vyvp <1V

FAULT pin pull low. The device stops switching
and recovers when fault is removed.

LED+ and LED- short circuit

VIN - VCSN <750 mV

FAULT pin pull low. The device keeps normal
behavior.

LED- short to PGND

Vyvp <1V

FAULT pin pull low. The device stops switching
and recovers when fault is removed.

Sense-resistor open circuit

Vcsp - VCSN > 300 mV

FAULT pin pull low. The device stops switching
and recovers when fault is removed.

Sense-resistor short circuit

COMP pin is clamped high

FAULT pin pull low. The device keeps switching
under the cycle-by-cycle current limit.

Switching FET open circuit

COMP pin is clamped high

FAULT pin pull low. The device stops switching
and recovers when fault is removed.

Switching FET short circuit

Vesp - Vesn > 300 mV

FAULT pin pull low. The device stops switching
and recovers when fault is removed.

Thermal shutdown

Ty>Trsp

FAULT pin pull low. The device stops switching
and recovers when T falls below the hysteresis
level.
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8.3.8 Thermal Foldback

The TPS92205x family integrates thermal shutdown protection to prevent the device from overheating. In order
to provide design margin of system thermal performance, the device enables a programmable thermal foldback
function which automatically reduces the full-scale max output current, lyax, at high junction temperature. When
the device along with the LEDs are mounted on the same thermal substrate, the thermal performance is
effectively improved due to the reduction of dissipation need for both device and LED.

As the device junction temperature rises above the thermal foldback threshold temperature, T1y, the full-scale
max current starts to reduce following the current-temperature curve shown in the below figure. The current
starts to reduce from the 100% level at typically rate of 2% of Iyax per °C until it drops to 50% of the full scale.
Once the junction temperature rises 25°C above the Tty, the current continues to decrease at a lower rate until
the temperature reaches above the overtemperature shutdown threshold temperature, Ttgp.

lout

Imax X 100%

2% decrease of Iuax per °C

< 1

IMax X 50% -———————————— A

0A
Tt TtH+ 25°C Trsp

Figure 8-6. Thermal Foldback

The Tt can be adjusted by changing the resistor Rtgyp connected between the TEMP and AGND pin. The Tty
and the corresponding Rtgmp value are listed in below table.

Table 8-4. Tty vs. Rrgmp resistor value

T (°C) Resistor Value (kQ)
80 200
90 100
100 60
110 40
120 28
130 20
140 15
150 10
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9 Application and Implementation
9.1 Application Information

The TPS92205x family is typically used as a Buck converter to drive one or more LEDs from an input from 4.5-V

to 63-V range.
9.2 Typical Application

9.2.1 TPS922054 24-V Input, 4-A Output, 4-piece WLED Driver With Analog Dimming

Cour J: §Z§

Vin = 24V
Cin
TPS922054DMTR
PGND

|_ - - /A1
[ ] AGND | :

I
! (] vIN I |
Cvin —— | I
%{ ] vee | Thermal Pad :

I
[ ] ADIMHD | I
| I
High [ ] ENPWM | I
| I
(JFALLT — — — T 7

SW

CSN

CSP

UvP

COMP

FSET

TEMP

Rsense

AN

|
|
| X4LED
|

B
Ruvp1 §

Ruvp2

RDAMP§

Figure 9-1. 24-V Input, 4-A Output, 4-piece WLED, Analog Dimming Reference Design

9.2.1.1 Design Requirements

For this design example, use the parameters in the following table.

Table 9-1. Design Parameters

PARAMETER VALUE
Input voltage range 24V £10%
LED forward voltage 3.0V
Output voltage 12V (3.0 x 4)
Maximum LED current 4 A

Inductor current ripple

30% of maximum inductor current

LED current ripple

200 mA or less

Input voltage ripple

300 mV or less

Dimming type

Analog dimming with TPS922054: 1-kHz, 1% to 100% PWM input at
the ADIM pin
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9.2.1.2 Detailed Design Procedure
9.2.1.2.1 Inductor Selection

For this design, the input voltage is a 24-V, rail with 10% variation. The output is 4 white LEDs in series and
the inductor current ripple by requirement is less than 30% of maximum inductor current. To choose a proper
peak-to-peak inductor current ripple, the low-side FET current limit should not be violated when the converter
works in full-load condition. This requires half of the peak-to-peak inductor current ripple to be lower than
that limit. Another consideration is to ensure reasonable inductor core loss and copper loss caused by the
peak-to-peak current ripple. Once this peak-to-peak inductor current ripple is chosen, use Equation 2 to calculate
the recommended value of the output inductor L.

_ VouyrX (VIN(max) - VOUT)
VIN(max) X KIND X IL(max) X fsw

)

where

*  Knp is a coefficient that represents the amount of inductor ripple current relative to the maximum LED
current.

* |l (max) is the maximum inductor current.

» fgw is the switching frequency.

* Vinmax) is the maximum input voltage.

*  Vpur is the sum of the voltage across LED load and the voltage across sense resistor.

With the chosen inductor value, the user can calculate the actual inductor current ripple using Equation 3.

Vour X (VIN(max) - VOUT) 3)
VIN(max) X L X fsw

IL(ripple) =

The ratings of inductor RMS current and saturation current must be greater than those seen in the system
requirement. This is to ensure no inductor overheat or saturation occurring. During power up, transient
conditions or fault conditions, the inductor current may exceed its normal operating current and reach the current
limit. Therefore, it is preferred to select a saturation current rating equal to or greater than the converter current
limit. The peak-inductor-current and RMS current equations are shown in Equation 4 and Equation 5.

In(ri
I (peak) = IL(max) + M (4)

_ 2, Wiripple)
IL(rms)— IL(max) t+t— (5)

In this design, Vinmax) = 24 V, Voutr = 12V, liep = 4 A, fsw = 400 kHz, choose Kjyp = 0.3, the calculated
inductance is 12.5 pH. A 15-yH inductor is chosen. With this inductor, the ripple, peak, and rms currents of the
inductor are 1 A, 4.5 A, and 4.01 A, respectively.

9.2.1.2.2 Input Capacitor Selection

An input capacitor is required to reduce the surge current drawn from the input supply and the switching noise
coming from the device. Electrolytic capacitors are recommended for energy storage. Ceramic capacitors with
X5R or X7R dielectrics are highly recommended because of their low ESR and small temperature coefficients.
For most applications, it is recommended to place a 10-yF ceramic capacitor along with a 0.1-yF capacitor from
VIN to PGND/AGND to provide high-frequency filtering. The input capacitor voltage rating must be greater than
the maximum input voltage. Use Equation 6 to calculate the input ripple voltage, where ESR¢y is the ESR of
input capacitor, and Kpp is the derating coefficient of ceramic capacitance at the applied DC voltage.

_ Vour
ViN(ripple) = IL(max) X (KDR X CIN X fsw X VIN(max) + ESRCIN) (6)
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In this design, a 68-uF, 100V electrolytic capacitor, a 22-pyF, 100V X7R ceramic capacitor and a 0.1-pyF, 100V
X7R ceramic capacitor are chosen, yielding around 240-mV input ripple voltage.

9.2.1.2.3 Output Capacitor Selection

The output capacitor reduces the high-frequency current ripple through the LED string. Excessive current ripple
increases the RMS current in the LED string, therefore increasing the LED temperature.

1. Calculate the total dynamic resistance of the LED string (R_gp) using the LED manufacturer's datasheet.

2. Calculate the required impedance of the output capacitor (Zgyt) given the acceptable peak-to-peak ripple
current through the LED string, I\ ep(ripple) - lL(ripple) IS the peak-to-peak inductor ripple current as calculated with
the selected inductor.

3. Calculate the minimum effective output capacitance required.
4. Increase the output capacitance appropriately due to the derating effect of applied DC voltage.

See Equation 7, Equation 8, and Equation 9.

AVE
Rigp = x1 * # of LEDs i
Z _ _ RiLED XILED(ripple) ©
COUT = Ty (ripple) — ILED(ripple)
C = ! 9
couT )

2w X fsw X ZcouT

Once the output capacitor is chosen, Equation 10 can be used to estimate the peak-to-peak ripple current
through the LED string.

ZcouT X IL(ripple)

ZcouT T RLED (10)

ILED (ripple) =

CREE WLED is used here. The dynamic resistance of the LED is 0.67 ohm at 3-A forward current. Ceramic
capacitors with X5R or X7R dielectrics are highly recommended because of their low ESR and small
temperature coefficients. In this design, a 2.2-yF, 100-V X7R ceramic capacitor and a 0.1-yF, 100-V X7R
ceramic capacitor are chosen. The calculated ripple current of the LED is about 210 mA.

9.2.1.2.4 Sense Resistor Selection

The maximum LED current is 4 A at 100% PWM duty and the corresponding Vrgr is 200 mV. By using Equation
1, the sense resistance is calculated as 50 mQ.

Note that the power consumption of the sense resistor is 800 mW, requiring enough margin of the resistor's
power rating in selection.

9.2.1.2.5 Other External Components Selection
In this design, a 0.1-pF, 50-V X7R ceramic capacitor is chosen for high-frequency filtering of sense feedback.

For loop stability, it is recommended to select a 1-nF, 10-V X7R ceramic capacitor for Ccomp- A 1-MQ resistor is
chosen for Rpanp to suppress the overshoot current at rising edge of PWM on.
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9.2.1.3 Application Curves

Light Blue: SW, Orange: Inductor Current, Deep Blue: LED
Current Ripple (AC)

Figure 9-2. LED Current Ripple at PWMapy =
100%, 1 kHz and Fgy = 400 kHz

Light Blue: SW, Orange: Inductor Current, Deep Blue: LED
Current Ripple (AC)

Figure 9-3. LED Current Ripple at PWMapy = 10%,
1 kHz and Fgy = 400 kHz

Black: PWMapu, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-4. LED Current Transient for a PWMapm
Transition from 1% to 99%, 1 kHz

Black: PWMapwu, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-5. LED Current Transient for a PWMapm
Transition from 99% to 1%, 1 kHz

Black: PWMpyyy, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-6. Start-Up at PWMupy = 100%, 1 kHz

Black: PWMpyy\, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-7. Shutdown at PWMapim = 100%, 1 kHz
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Black: UVP, Light Blue: SW, Red: FAULT, Orange: Inductor
Current, Deep Blue: LED Current

Figure 9-8. LED Open-Load Protection

Black: UVP, Light Blue: SW, Red: FAULT, Orange: Inductor
Current, Green: LED- Voltage

Figure 9-9. LED- Short-to-PGND Protection

Black: LED- Voltage, Light Blue: SW, Red: FAULT, Orange:
Inductor Current, Deep Blue: LED Current

Figure 9-10. LED+ and LED- Short-Circuit
Protection

Black: UVP, Light Blue: SW, Red: FAULT, Orange: Inductor
Current, Green: CSP-CSN

Figure 9-11. Switching FET Short-Circuit
Protection

Light Blue: SW, Red: FAULT, Orange: Inductor Current, Deep
Blue: LED Current, Green: CSP-CSN

Figure 9-12. Sense-Resistor Open Protection

Black: COMP, Light Blue: SW, Red: FAULT, Orange: Inductor
Current, Green: CSP-CSN

Figure 9-13. Sense-Resistor Short-Circuit
Protection
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9.2.2 TPS922054 48-V Input, 2-A Output, 12-piece WLED Driver with PWM Dimming

Vin = 48V

COUT:L ii:

TPS922054DMTR

|

Cvn ——

High [ | ADIM/HD

[ ] ENPPWM

[ ] FAULT

I
| I
| I
| I
| I
[ ] vee | Thermal Pad [
| I
| I
| I
| I
| I

L

Rsense

AN X12 LED

j§
Ruve1 %

Ruvr2

SwW

CSN

CSspP

UVvP

COMP

FSET

RDAMP§

TEMP

Figure 9-14. 48-V Input, 2-A Output, 12-piece WLED, PWM Dimming Reference Design

9.2.2.1 Design Requirements

For this design example, use the parameters in the following table.

Table 9-2. Design Parameters

PARAMETER VALUE
Input voltage range 48 V £10%
LED forward voltage 3.0V
Output voltage 36V (3.0x12)
Maximum LED current 2A

Inductor current ripple

40% of maximum inductor current

LED current ripple

200 mA or less

Input voltage ripple

600 mV or less

Dimming type

PWM dimming with TPS922054: 20-kHz, 1% to 100% PWM input at
the PWM pin
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9.2.2.2 Detailed Design Procedure
9.2.2.2.1 Inductor Selection

For this design, the input voltage is a 48-V, rail with 10% variation. The output is 12 white LEDs in series
and the inductor current ripple by requirement is less than 40% of maximum inductor current. To choose a
proper peak-to-peak inductor current ripple, the low-side FET current limit should not be violated when the
converter works in no-load condition. This requires half of the peak-to-peak inductor current ripple to be lower
than that limit. Another consideration is to ensure reasonable inductor core loss and copper loss caused by
the peak-to-peak current ripple. Once this peak-to-peak inductor current ripple is chosen, use Equation 11 to
calculate the recommended value of the output inductor L.

_ VouyrX (VIN(max) - VOUT)
VIN(max) X KIND X IL(max) X fsw

(11)

where

*  Knp is a coefficient that represents the amount of inductor ripple current relative to the maximum LED
current.

* |l (max) is the maximum inductor current.

» fgw is the switching frequency.

* ViNmax) is the maximum input voltage.

*  Vpur is the sum of the voltage across LED load and the voltage across sense resistor.

With the chosen inductor value, the user can calculate the actual inductor current ripple using Equation 12.

Vour X (VIN(max) - VOUT)
VIN(max) X L X fsw

IL@ripple) = (12)

The ratings of inductor RMS current and saturation current must be greater than those seen in the system
requirement. This is to ensure no inductor overheat or saturation occurring. During power up, transient
conditions or fault conditions, the inductor current may exceed its normal operating current and reach the current
limit. Therefore, it is preferred to select a saturation current rating equal to or greater than the converter current
limit. The peak-inductor-current and RMS current equations are shown in Equation 13 and Equation 14.

In(ri
I (peak) = IL(max) + M (13)

_ 2, Wiripple)
IL(rms)— IL(max) t+t— (14)

In this design, ViNmax) = 48 V, Vout = 36 V, ILep = 2 A, fsw = 1.2 MHz, choose Kj\p = 0.4, the calculated
inductance is 9.4 pH. A 10-pyH inductor is chosen. With this inductor, the ripple, peak, and rms currents of the
inductor are 0.75 A, 2.4 A, and 2.01 A, respectively.

9.2.2.2.2 Input Capacitor Selection

An input capacitor is required to reduce the surge current drawn from the input supply and the switching noise
coming from the device. Electrolytic capacitors are recommended for energy storage. Ceramic capacitors with
X5R or X7R dielectrics are highly recommended because of their low ESR and small temperature coefficients.
For most applications, it is recommended to place a 10-uyF capacitor along with a 0.1-yF capacitor from VIN
to PGND/AGND to provide high-frequency filtering. The input capacitor voltage rating must be greater than the
maximum input voltage. Use Equation 15 to calculate the input ripple voltage, where ESR¢)y is the ESR of input
capacitor, and Kpp is the derating coefficient of ceramic capacitance at the applied DC voltage.

Vour
KpRr X CIN X fsw X VIN(max)

Vin(ripple) = IL(max) X ( + ESRCIN) (15)
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In this design, a 10-pyF, 100V electrolytic capacitor, a 2.2-yF, 100V X7R ceramic capacitor and a 0.1-pF, 100V
X7R ceramic capacitor are chosen, yielding around 570-mV input ripple voltage.

9.2.2.2.3 Output Capacitor Selection

The output capacitor reduces the high-frequency current ripple through the LED string. Excessive current ripple
increases the RMS current in the LED string, therefore increasing the LED temperature.

1. Calculate the total dynamic resistance of the LED string (R gp) using the LED manufacturer's datasheet.

2. Calculate the required impedance of the output capacitor (Zgyt) given the acceptable peak-to-peak ripple
current through the LED string, I\ ep(ipple) - lL(ripple) IS the peak-to-peak inductor ripple current as calculated with
the selected inductor.

3. Calculate the minimum effective output capacitance required.
4. Increase the output capacitance appropriately due to the derating effect of applied DC voltage.

See Equation 16, Equation 17, and Equation 18.

AVE
RLED = m X # OfLEDS (16)
RLED X ILED(ripple)
Z =
COUT = Ty (ripple) — ILED(ripple) (7
c = 1 18
cout (18)

2w X fsw X ZcouT

Once the output capacitor is chosen, Equation 19 can be used to estimate the peak-to-peak ripple current
through the LED string.

ZcouT X IL(ripple)

ZcouT T RLED (19)

ILED (ripple) =

Cree WLED is used here. The dynamic resistance of the LED is 0.67 ohm at 1-A forward current. Ceramic
capacitors with X5R or X7R dielectrics are highly recommended because of their low ESR and small
temperature coefficients. In this design, a 1-yF, 100-V X7R ceramic capacitor and a 0.1-pF, 100-V X7R ceramic
capacitor are chosen. The calculated ripple current of the LED is about 120 mA.

9.2.2.2.4 Sense Resistor Selection

The maximum LED current is 2 A at 100% PWM duty and the corresponding Vrgr is 200 mV. By using Equation
1, the sense resistance is calculated as 100 mQ.

Note that the power consumption of the sense resistor is 400 mW, requiring enough margin of the resistor's
power rating in selection.

9.2.2.2.5 Other External Components Selection
In this design, a 0.1-pF, 50-V X7R ceramic capacitor is chosen for high-frequency filtering of sense feedback.

For loop stability, it is recommended to select a 1-nF, 10-V X7R ceramic capacitor for Ccomp- A 1-MQ resistor is
chosen for Rpanp to suppress the overshoot current at rising edge of PWM on.
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9.2.2.3 Application Curves

Light Blue: SW, Orange: Inductor Current, Deep Blue: LED
Current Ripple (AC)

Figure 9-15. LED Current Ripple at PWMupm =
100%, 1 kHz and Fgy = 1.2 MHz

Black: PWMpw, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-16. LED PWM Dimming at PWMpyy =
90%, 20 kHz

Black: PWMpywyy, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-17. LED PWM Dimming Rising Edge at
PWMpwm = 50%, 20 kHz

Black: PWMpyy\, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-18. LED PWM Dimming Falling Edge at
PWMpwm = 50%, 20 kHz

Black: PWMpyy\, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-19. LED Current Transient for a PWMpyp
Transition from 1% to 99%, 20 kHz

Black: PWMpyy\, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-20. LED Current Transient for a PWMpwm
Transition from 99% to 1%, 20 kHz

Copyright © 2023 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: TPS922052 TPS922053 TPS922054 TPS922055




TPS922052, TPS922053, TPS922054, TPS922055
SLVSGGYA — JUNE 2023 — REVISED SEPTEMBER 2023

13 TEXAS
INSTRUMENTS

www.ti.com

Black: PWMpw, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-21. Start-Up at PWMpyy = 100%, 20 kHz

Black: PWMpw, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-22. Shutdown at PWMpyn = 100%, 20 kHz

Black: PWMpw, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-23. Start-Up at PWMpywy = 10%, 20 kHz

Black: PWMpw, Light Blue: SW, Orange: Inductor Current,
Deep Blue: LED Current

Figure 9-24. Shutdown at PWMpym = 10%, 20 kHz
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9.3 Power Supply Recommendations

The device is designed to operate from an input voltage supply ranging between 4.5 V and 65 V. This input
supply must be well regulated. The device requires an input capacitor to reduce the surge current drawn from
the input supply and the switching noise from the device. Ceramic capacitors with X5R or X7R dielectrics are
highly recommended because of their low ESR and small temperature coefficients. For most applications, a
10-uF capacitor is enough.

9.4 Layout

The TPS92205x family requires a proper layout for optimal performance. The following section gives some
guidelines to ensure a proper layout.

9.4.1 Layout Guidelines
An example of a proper layout for the TPS92205x family is shown in .Section 9.4.2

» Creating a large PGND plane for good electrical and thermal performance is important.

» The IN and PGND traces should be as wide as possible to reduce trace impedance. Wide traces have the
additional advantage of providing excellent heat dissipation.

» Thermal vias can be used to connect the top-side PGND plane to additional printed-circuit board (PCB)
layers for heat dissipation and grounding.

» The input capacitors must be located as close as possible to the IN pin and the PGND/AGND pin.

» The VCC capacitor should be placed as close as possible to VCC pin to ensure stable LDO output voltage.

» The SW trace must be kept as short as possible to reduce parasitic inductance and thereby reduce transient
voltage spikes. Short SW trace also reduces radiated noise and EMI.

* Do not allow switching current to flow under the device.

» The routing of CSN and CSP traces are recommended to be in parallel and kept as short as possible and
placed away from the high-voltage switching trace and the ground shield.

» The compensation capacitor must be placed as close as possible to COMP pin so as to prevent oscillation
and system instability.

9.4.2 Layout Example

VIN VLED+
i
T T N
i
PGND [T ] T [A] sw |
| 1 3
AGND [ 2 ! | [ ] o
| l T VLED
—{ ‘—‘ VIN 3 } } 12 CcsP
| |
——{ +—— vce 4 i Thermal Pad i 1 UuvP — A—
| |
ADIMHD [ 5 ] | | [ comp  —AW—
| |
| |
ENPWM [6 ] | | o] Fser l
| |
| |
FAULT [ 7 ] | | 3| mEmp % T
GND

Figure 9-25. 14-Pin VSON Top View Layout Example
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VIN VLED+

S S

= w =/ ] sw  —
| ! 3
——H—‘ vce 2 } } 1 CSN 0
] | T VLED-
ADIMHD [ 3 : | 10 | csp
| Thermal Pad } §
| (PGND/AGND) |
ENPWM [ 4 : ! 9 | uw L AAA—
! |
FAULT [ 5 | i | [8] cowp —VW—
|
6]

% TEMP [7 | FseT % T

Figure 9-26. 12-Pin WSON Top View Layout Example

VIN VLED+

i N

I
I
peND [ [ | ¢ 1 [ ] sw —""""— 1
AND [ | | 2 BT ] CSI\L $ T EF\\:
——H—— vn [T | 3 12 [T ] csp | VLED-
—— vec T4 n [T ] uw L AM—
ADMHD [ [ | 5 10 [T ] comp —WA—
ENPWM [ [ | 6 9 [T ] FseT l
FAUT [ 7 s [T ] Temp % T
GND

Figure 9-27. 14-Pin SOT-23-TH Top View Layout Example
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10 Device and Documentation Support
10.1 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on

Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

10.2 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is 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.

10.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
10.4 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

10.5 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

11 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
TPS922052DMTR ACTIVE VSON DMT 14 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 T2052
TPS922052DRRR ACTIVE WSON DRR 12 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T22052
TPS922052DYYR ACTIVE SOT-23-THIN DYY 14 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 T2052
TPS922053DMTR ACTIVE VSON DMT 14 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 T2053
TPS922053DRRR ACTIVE WSON DRR 12 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T22053
TPS922053DYYR ACTIVE SOT-23-THIN DYY 14 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 T2053
TPS922054DMTR ACTIVE VSON DMT 14 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 T2054
TPS922054DRRR ACTIVE WSON DRR 12 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 T22054
TPS922054MDMTR ACTIVE VSON DMT 14 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -55to0 125 T204M
TPS922055DMTR ACTIVE VSON DMT 14 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 T2055
TPS922055DRRR ACTIVE WSON DRR 12 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 T22055
TPS922055MDMTR ACTIVE VSON DMT 14 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -55t0 125 T205M

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.
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® 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 finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents 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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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GENERIC PACKAGE VIEW
DMT 14 VSON - 0.9 mm max height

3 x4.5,0.65 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

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

4225088/A

INSTRUMENTS
www.ti.com



DMTO0014D

PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREAJ'

tol

0.05 J‘
0.00
e 1.6+0.1 ]
EXPOSED
THERMAL PAD SE'V'M
. |
=) SRR T

|

ST | g
|

D, -

2X 15 SYMM
39 = T — 1 a0n
D) i -
B g
| ]
—-+> /)\ ‘ (|14
1 i
12X !
L 14y 0-35
PIN 1 ID 14x 95 o 1 025
(45°X 0.3) 0.3

0.1 |C|A|B
A4 0.054 [C

r (0.1) TYP

4229426/A 02/2023

NOTES:

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

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DMTO0014D VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

14X (0.6) SYMM

14X (0.3)
—‘ 1l

fu—J [ ?:* L 14

—- -3

|
|
|
L0 G
(RO.05) TYP | }

' (0.55) TYP

Li (2.8) 4J

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

12X (0.65)
t-g3 |0 1 o
SYMM ‘ 15 ‘
¢ E T | E} ©69) N
Do bt
s | 5
|

SCALE:15X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
o N
EXPOSED METAL EXPOSED METAL— ||
SOLDER MASK—/ METAL J \—SOLDER MASK
OPENING METAL UNDER OPENING
SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED
(PREFERRED) DEFINED

SOLDER MASK DETAILS

4229426/A 02/2023

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
DMTO0014D VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

14X (0.6)
1

i . x N 14
L’J B L J
14X (0.3) — \
|
(1.18)
e N

i
12X (0.65) ‘ i ]
ST g KoR Se

e +EV@T

—

|
) oo L) ew

(R0.05) TYP S

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 15
77.4% PRINTED SOLDER COVERAGE BY AREA
SCALE:20X

4229426/A 02/2023

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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PACKAGE OUTLINE
DYY0014A SOT-23-THIN - 1.1 mm max height
PLASTIC SMALL OUTLINE

3.36
3.16
PIN 1 INDEX
AREA
/
12X[0.5
| =t
[ ] —
[ ] ]
43
4.1
NOTE 3
[ ] 1
[ ] ]
A ==
8
03 —{1.
5 J 21 14X 071 A OAKAGE
BT [Bli@ERlE
a—
// \ 0.2
\ I\\ ; j {008 TYP
\ /
~—__ T
X SEE DETAIL A
0.25 3
GAUGE PLANE
e d
? Lo
0.0
DETAIL A
TYP

4224643/C 04/2024

NOTES:

1. Alllinear 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. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not exceed

0.15 per side.

This dimension does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

Reference JEDEC Registration MO-345, Variation AB

o>
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EXAMPLE BOARD LAYOUT
DYYO0014A SOT-23-THIN - 1.1 mm max height
PLASTIC SMALL OUTLINE

14X (1.05)
f

14X (0.3) 4

12X (0.5)
(R0.05) TYP
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 20X
SOLDER MASK METAL UNDER

OPENING SOLDER MASK SOLDER MASK
_— METAL / OPENING
C_ (—
\ )

—_——_——— e ——

NON- SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4224643/C 04/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DYY0014A SOT-23-THIN - 1.1 mm max height

PLASTIC SMALL OUTLINE

14X (1.05) ﬁ ¢
+
I
o )

12X (0.5)

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 20X

4224643/C 04/2024

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
DRR 12 WSON - 0.8 mm max height

3x 3, 0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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DRR0012C

PACKAGE OUTLINE
WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—]

N o
=

}
0.8 MAX
I S Y =N =
o.osj‘
0.00
EXPOSED
THERMAL PAD = 1.5¢0.1 —=
‘ 10X[0.5]
6 7
>~ g
S| e
|
D) 13 | C] symm 2X
25:001 {—-+t-—+—-A-—Ft—¢
D, | C
|
D, | C
|
15— o
: 12 { 0s
PIN 1 1D SE'V”V' 12X02
(OPTIONAL) & [01@c[AlB
12X g:g . 0.050)

©.1)TYP

4222932/A 05/2016

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.
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EXAMPLE BOARD LAYOUT
DRR0012C WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

12X(0.6) —= - SYMM (R0.05) TYP
EERI (\L r—‘—{ 12
) ‘
|
12X (0.25) CD

|
|
SYMM 18| [I] (2.5)
e-— OOt B
) o )
| | | | (1)
- | OO
10X (0.5) fP*f**r**
_ L ‘ . 1T
6 | ‘ L+J 7
—={ (0.5) |=—
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| TYP !
|
-~— 28—~
LAND PATTERN EXAMPLE
SCALE:20X
0.07 MAX
0.07 MIN
j ALL AROUND T ALL AROUND
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! 1
l '
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SOLDER MASK METAL METAL UNDERJ SOLDER MASK
OPENING SOLDER MASK OPENING

NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4222932/A 05/2016

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

DRR0012C WSON - 0.8 mm max height
PLASTIC SMALL OUTLINE - NO LEAD

12X (0.6) ﬁ
~—— 2X (1.38) —=
1 .

12X (0.25) 3 ‘ ) |

|
SEe FOE el B

— €5 | INED

10X (0.5) B |
e =
‘ 13 SYMM i METAL
| ¢ | TYP
(28—

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 13
81.7% PRINTED SOLDER COVERAGE BY AREA
SCALE:20X

4222932/A 05/2016

NOTES: (continued)

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

i3 Texas
INSTRUMENTS
www.ti.com



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated



X-ON Electronics

Largest Supplier of Electrical and Electronic Components
Click to view similar products for LED Lighting Drivers category:
Click to view products by Texas Instruments manufacturer:

Other Similar products are found below :
LV5235V-MPB-H LV5235VZ-TLM-H FANS5/701UMP20X AP5726WUG-7 1S31BL3228B-UTLS2-TR 1S31BL3506B-TTLS2-TR
AP5725FDCG-7 AP5726FDCG-7 LV5234VZ-TLM-H BD1604MVV-E2 CAT4004BHU2-GT3 TLE4242EJ CAV4016HV6-T2
IS31LT3172-GRLSA-TR MP23701GQEU-P 1S32LT3174-GRLAS3-TR ZXLD1374QESTTC NCV78825DQ0R2G MP4425AGQB-P
MP3367GR-P MPQ3369GR-P MPQ7220GF-AEC1-P MP3362GJ-Z 1S31BL3508A-TTLS2-TR AL1666+AL8116+AL5822EV1 AL8116EV1
NJW4617DL3-TE1 BD6583MUV-E2 NCL30486B2DR2G NCL30488B4DR2G TLD2132-1EP TLD2331-3EP 1S31FL3236-TQLS2-TR
TLD700216ESXUMA1 LM36273YFFR XDPL8221 TLD5190QV TLD5190QU ICL5102HV TLD5191ESXUMA1 TPS92390RHBR
TPS92200D2RXLR TPS92664QPHPRQ1 TPS922054DMTR MAXZ20078ATE+T TPS929240AQDCPRQ1 TPS929240QDCPRQ1
LP5810ADSDR LP5891QRRFRQ1 TPS92665QPHPRQ1



https://www.xonelec.com/category/semiconductors/integrated-circuits-ics/driver-ics/led-lighting-drivers
https://www.xonelec.com/manufacturer/texasinstruments
https://www.xonelec.com/mpn/onsemiconductor/lv5235vmpbh
https://www.xonelec.com/mpn/onsemiconductor/lv5235vztlmh
https://www.xonelec.com/mpn/onsemiconductor/fan5701ump20x
https://www.xonelec.com/mpn/diodesincorporated/ap5726wug7
https://www.xonelec.com/mpn/issi/is31bl3228butls2tr
https://www.xonelec.com/mpn/issi/is31bl3506bttls2tr
https://www.xonelec.com/mpn/diodesincorporated/ap5725fdcg7
https://www.xonelec.com/mpn/diodesincorporated/ap5726fdcg7
https://www.xonelec.com/mpn/onsemiconductor/lv5234vztlmh
https://www.xonelec.com/mpn/rohm/bd1604mvve2
https://www.xonelec.com/mpn/onsemiconductor/cat4004bhu2gt3
https://www.xonelec.com/mpn/infineon/tle4242ej
https://www.xonelec.com/mpn/onsemiconductor/cav4016hv6t2
https://www.xonelec.com/mpn/issi/is31lt3172grls4tr
https://www.xonelec.com/mpn/monolithicpowersystems/mp23701gqeup
https://www.xonelec.com/mpn/issi/is32lt3174grla3tr
https://www.xonelec.com/mpn/diodesincorporated/zxld1374qesttc
https://www.xonelec.com/mpn/onsemiconductor/ncv78825dq0r2g
https://www.xonelec.com/mpn/monolithicpowersystems/mp4425agqbp
https://www.xonelec.com/mpn/monolithicpowersystems/mp3367grp
https://www.xonelec.com/mpn/monolithicpowersystems/mpq3369grp
https://www.xonelec.com/mpn/monolithicpowersystems/mpq7220gfaec1p
https://www.xonelec.com/mpn/monolithicpowersystems/mp3362gjz
https://www.xonelec.com/mpn/issi/is31bl3508attls2tr
https://www.xonelec.com/mpn/diodesincorporated/al1666al8116al5822ev1
https://www.xonelec.com/mpn/diodesincorporated/al8116ev1
https://www.xonelec.com/mpn/nisshinbo/njw4617dl3te1
https://www.xonelec.com/mpn/rohm/bd6583muve2
https://www.xonelec.com/mpn/onsemiconductor/ncl30486b2dr2g
https://www.xonelec.com/mpn/onsemiconductor/ncl30488b4dr2g
https://www.xonelec.com/mpn/infineon/tld21321ep
https://www.xonelec.com/mpn/infineon/tld23313ep
https://www.xonelec.com/mpn/issi/is31fl3236tqls2tr
https://www.xonelec.com/mpn/infineon/tld700216esxuma1
https://www.xonelec.com/mpn/texasinstruments/lm36273yffr
https://www.xonelec.com/mpn/infineon/xdpl8221
https://www.xonelec.com/mpn/infineon/tld5190qv
https://www.xonelec.com/mpn/infineon/tld5190qu
https://www.xonelec.com/mpn/infineon/icl5102hv
https://www.xonelec.com/mpn/infineon/tld5191esxuma1
https://www.xonelec.com/mpn/texasinstruments/tps92390rhbr
https://www.xonelec.com/mpn/texasinstruments/tps92200d2rxlr
https://www.xonelec.com/mpn/texasinstruments/tps92664qphprq1
https://www.xonelec.com/mpn/texasinstruments/tps922054dmtr
https://www.xonelec.com/mpn/analogdevices/max20078atet
https://www.xonelec.com/mpn/texasinstruments/tps929240aqdcprq1
https://www.xonelec.com/mpn/texasinstruments/tps929240qdcprq1
https://www.xonelec.com/mpn/texasinstruments/lp5810adsdr
https://www.xonelec.com/mpn/texasinstruments/lp5891qrrfrq1
https://www.xonelec.com/mpn/texasinstruments/tps92665qphprq1

