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5 Device Comparison Table

TPS92380 TPS92381
Number of LED channels 3 4
LED current / channel 120 mA 120 mA
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6 Pin Configuration and Functions

VIN [ 1|

Do [ 2|
FSET [ 3 |
VDDIO/EN [ 4|
FAULT [ 5 |
SYNC [ 6 |
PWM [ 7 |

Ne [ 8 |

GND [ 9 |
ISET [10 |

e ——

20 | VIN
19 | NC

18 | SW
17 | PGND
16 | FB

15 | OUT1
14 | OUT2
13 | OUT3

12 | GND

[ 11 ] GND

*EXPOSED PAD

Eq 6-1. TPS92380 PWP Package 20-Pin HTSSOP with Exposed Thermal Pad Top View

VIN [T

DO [ 2]
FSET [ 3|
VDDIO/EN [ 4|
FAULT [ 5|
SYNC [ 6|
PWM [ 7|

NC [ 8]

GND [ 9|
ISET [10 |

20 | VIN
19 | NC
18 | SW
17 | PGND
16 | FB
15 | OUT1
14 | OUT2
13 | OUT3

12 | OUT4

[ 11 ] GND

*EXPOSED PAD

Ed 6-2. TPS92381 PWP Package 20-Pin HTSSOP with Exposed Thermal Pad Top View

X 6-1. Pin Functions

PIN
TYPE(") DESCRIPTION
NO. NAME
1 VIN A Input power pin; input voltage OVP detection pin; input current sense positive input pin.
Output of internal LDO; connect a 1-uF decoupling capacitor between this pin and noise-free ground.
2 LDO A . } .
Put the capacitor as close to the chip as possible.
3 FSET A DC-DC (boost or SEPIC) switching frequency setting resistor; for normal operation, resistor value from
24 kQ to 219 kQ must be connected between this pin and ground.
4 VDDIO/EN | Enable input for the device as well as supply input (VDDIO) for digital pins.
FAULT oD Fault signal output. If unused, the pin may be left floating.
6 SYNC | Input for synchronizing DC-DC converter. If synchronization is not used, connect this pin to ground to
disable spread spectrum or to VDDIO/EN to enable spread spectrum.
PWM | PWM dimming input.
NC - No connect.
GND G Ground.
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# 6-1. Pin Functions (continued)

PIN
TYPE(" DESCRIPTION
NO. NAME
LED current setting resistor; for normal operation, resistor value from 20 kQ to 129 kQ must be
10 ISET A o
connected between this pin and ground.
11 GND G Ground.
Current sink output for TPS92381
12 OUT4/GND A This pin must be connected to ground if not used.
GND pin for TPS92380.
Current sink output.
13 ouT3 A This pin must be connected to ground if not used.
Current sink output.
14 ouT2 A This pin must be connected to ground if not used.
Current sink output.
15 ouTt A This pin must be connected to ground if not used.
DC-DC (boost or SEPIC) feedback input; for normal operation this pin must be connected to the
16 FB A middle of a resistor divider between Vot and ground using feedback resistor values greater than 5
kQ.
17 PGND G DC-DC (boost or SEPIC) power ground.
18 SW A DC-DC (boost or SEPIC) switch pin.
19 NC - No connect.
20 VIN A Input power pin and pin for input voltage detection for OVP protection.

(1)  A: Analog pin, G: Ground pin, P: Power pin, |: Input pin, I/O: Input/Output pin, O: Output pin, OD: Open Drain pin
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7 Specifications
7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)() (2)

MIN MAX UNIT
VIN, SD, SW, FB -0.3 50
Voltage on pins OUT1, OUT2, OUT3, OUT4 -0.3 45 \Y
LDO, SYNC, FSET, ISET, PWM, VDDIO/EN, FAULT -0.3 5.5
Continuous power dissipation(®) Internally Limited
Ambient temperature, T ) —40 125 °C
Junction temperature, T; ) —40 150 °C
Storage temperature, Tgtg -65 150 °C

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

(2) All voltages are with respect to the potential at the GND pins.

(3) Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T; = 165°C (typical)
and disengages at T; = 145°C (typical).

(4) In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature
may have to be derated. Maximum ambient temperature (Tauax) is dependent on the maximum operating junction temperature
(Ty-max-op = 150°C), the maximum power dissipation of the device in the application (Pp.uax), and the junction-to ambient thermal
resistance of the part/package in the application (Rgja), as given by the following equation: Tamax = Tymax-op — (Reya % Pp.max)-

7.2 ESD Ratings

VALUE | UNIT
Human-body model (HBM), per AEC Q100-002, all pins (") +2000
V(esD) Electrostatic discharge Charged-device model (CDM), per AEC | Comer pins (1, 10, 11 and 20) +750 \
Q100-011 All pins 1500

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

7.3 Recommended Operating Conditions

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

MIN NOM MAX UNIT
VIN 4.5 12 45
SW 0 45
\p/i‘:;age oM 1ouT1, OUT2, OUT3, OUT4 0 40 v
FB, FSET, LDO, ISET, VDDIO/EN, FAULT 0 5.25
SYNC, PWM 0 VDDIO/EN
(1) All voltages are with respect to the potential at the GND pins.
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7.4 Thermal Information

TPS9238x
THERMAL METRIC(") PWP (HTSSOP) UNIT
20 PINS
Reua Junction-to-ambient thermal resistance(? 44.2 °C/W
ReJctop Junction-to-case (top) thermal resistance 26.5 °C/W
Ress Junction-to-board thermal resistance 22.4 °C/W
Wyt Junction-to-top characterization parameter 0.9 °C/W
Wis Junction-to-board characterization parameter 22.2 °C/IW
ReJycbot Junction-to-case (bottom) thermal resistance 25 °C/W

(1)  For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
(2) Junction-to-ambient thermal resistance is highly application and board-layout dependent. In applications where high maximum power
dissipation exists, special care must be paid to thermal dissipation issues in board design.

7.5 Electrical Characteristics

Limits apply over the full operation temperature range -40°C < T, < +125°C , unless otherwise specified, V5 = 12 V.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Standby supply current Device disabled, V\ppioen =0V, Viy=12V 4.5 20 uA
| = =
Q Active supply current Vin =12V, Vour = 26 V, output current 80 mA/ 5 12 mA

channel, converter fsy = 300 kHz

Ves Bandgap Voltage 1.18 1.2 1.24 \Y

7.6 Internal LDO Electrical Characteristics

Limits apply over the full operation temperature range —40°C < T < +125°C , unless otherwise specified, Viy = 12 V.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vipo Output voltage Vin=12V 4.15 43 4.55 \Y
Vpr Dropout voltage 120 300 430 mV
IsHoORT Short circuit current 50 mA
lexT Current for external load 5 mA

7.7 Protection Electrical Characteristics

Limits apply over the full operation temperature range —40°C < T £ +125°C , unless otherwise specified, Viy = 12 V.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vovp VIN OVP threshold voltage 41 43 45 \%
Vuvio VIN UVLO Falling threshold 3.7 3.85 4 V;

VIN UVLO Rising threshold - VIN UVLO
VUVLO_HYST | Fallling threshold 150 mv
VEB ovp FB threshold for BST_OVP fault 2.3 \%
T1sp Thermal shutdown Rising threshold 150 165 175 °C
T Thermal shutdown Rising threshold - 20 oc
TSD_HYS Thermal shutdown Falling threshold
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7.8 Current Sinks Electrical Characteristics

Limits apply over the full operation temperature range —40°C < Tp < +125°C , unless otherwise specified, Vi = 12 V.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

I EAKAGE Leakage current Outputs OUT1 to OUT4 , Vouytx =45V, EN=L 0.1 5 uA
Imax Maximum current OUT1, OUT2, OUT3, OUT4, Riset = 20 kQ 120 mA
lout Output current accuracy lout = 120 mA -5% 5%

IMATCH Output current matching(") louT = 100 mA, PWM duty =100% 1% 5%

Viow _comp Low comparator threshold 0.9 \%
Vmip_comp Mid comparator threshold 1.9 \%
VHIGH_comp High comparator threshold 55 6 7 \Y

(1)  Output Current Accuracy is the difference between the actual value of the output current and programmed value of this current.
Matching is the maximum difference from the average. For the constant current sinks on the part (OUTXx), the following are determined:
the maximum output current (MAX), the minimum output current (MIN), and the average output current of all outputs (AVG). Matching
number is calculated: (MAX-MIN)/AVG. The typical specification provided is the most likely norm of the matching figure for all parts.
LED current sinks were characterized with 1-V headroom voltage. Note that some manufacturers have different definitions in use.

7.9 PWM Brightness Control Electrical Characteristics

Limits apply over the full operation temperature range —40°C < T < +125°C , unless otherwise specified, Viy = 12 V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
frwm PWM input frequency 100 20 000 Hz
ton/OFF Minimum on/off time(") 1 us
(1)  This specification is not ensured by ATE.

7.10 Boost and SEPIC Converter Characteristics
Limits apply over the full operation temperature range —40°C < T < +125°C , unless otherwise specified, Viy = 12 V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VN Input voltage 4.5 40 \%
Vour Output voltage 6 45
fsw_miN Minimum switching frequency Defined by Rgsgr resistor 300 kHz
fsw_max Maximum switching frequency Defined by Rgsgr resistor 2200 kHz
torr Minimum switch OFF time(") fsw = 1.15 MHz 55 ns
Isw_max SW current limit first triggerred 3.3 3.7 41 A
tsw_max SW current limit first triggerred period 1.6 s
Isw_Lim SW current limit 3 3.35 3.7 A
Rpson FET Rpson 240 400 mQ
fsyne External SYNC frequency 300 2200 kHz
tsync_oN External SYNC on time(") 150 ns
tsync_oFF External SYNC off time(") 150 ns

(1)  This specification is not ensured by ATE.
7.11 Logic Interface Characteristics
Limits apply over the full operation temperature range -40°C < T, < +125°C , unless otherwise specified, Viy = 12 V.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
LOGIC INPUT VDDIO/EN
Vi Input low level 0.4
Vin Input high level 1.65 v

Input DC current -1 5 30 uA
IEN :)no;w(ta:ir:giignt current during VDDIO/EN 12 mA
LOGIC INPUT SYNC, PWM
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7.11 Logic Interface Characteristics (continued)

Limits apply over the full operation temperature range —40°C < T £ +125°C , unless otherwise specified, Viy = 12 V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Vi Input low level VDDIg)zEl: y
Viy Input high level 0.8 x

VDDIO/EN
N Input current -1 1 uA
LOGIC OUTPUT FAULT
VoL Output low level Pullup current 3 mA 0.3 0.5 \Y
ILEAKAGE Output leakage current V=55V 1 uA
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7.12 Typical Characteristics
Unless otherwise specified: D = NRVB460MFS, T = 25°C

480 /
z 400
E
€
£ 320
=3
o
b=}
o
S5 240
o
g
2 160
— VBgoost = 18V
— Vpoost = 26V
Veoost = 37V
80
45 55 6.5 7.5 85 9
Input Voltage (V)
Fsw = 400 kHz L =33 pH DC Load (PWM = 100%)

Cin and Coyrt = 33 pF (electrolytic) + 2 x 10 pyF (ceramic)

7-1. Maximum Boost Current

480 / /
z 400
E
€
2 320
>
(]
5
o
5 240
(e}
g
3 160[——
— VBoost = 18V
— VBoost = 26V
Veoost = 37V
80
45 55 6.5 75 8.5 95 10
Input Voltage (V)
fow = 1.1 MHz L=15pH  DC Load (PWM = 100%)

Cin and Coyt = 33 pF (electrolytic) + 10 yF (ceramic)

7-2. Maximum Boost Current

480 /
< 400
E
€
£ 320
=1
o
5
<%
5 240
o
g
3 160
— Vpoost = 18V
— Vpoost = 26V
VBoost = 37V
80
45 5.5 6.5 75 8.5 9.5
Input Voltage (V)
fsw = 2.2 MHz L=10pH DC Load (PWM = 100%)

Cin and Coyt = 3 x 10 yF (ceramic)

7-3. Maximum Boost Current

55
5
45
A\
3.5
3
\
25
2 A\
1.5
1

05 S~ —

0
30 40 50 60 70 8 90 100 110 120
Output Current (mA)

7-4. LED Current Sink Matching

Output current mismatch (%)

100
96 —
92 — =
2\; o /—’_ '\\
o
5]
S 84
i)
3 80
o
]
76 — V=16V
— V=12V
72 Vin =8V
— Vin=6V
68
80 160 240 320 400 480
Output Current (mA)
fsw =400 kHz L=22puH DC Load (PWM = 100%)

C\y and COUT =33 uF (electrolytic) VBoosT =18 V
+ 2 x 10 yF (ceramic)

7-5. Boost Efficiency

100

96
< 92 —
= |
> 88
5
S 84
i
g 80
@
76 — V=16V
— V=12V
72 VN =8V
— V=6V
68
80 160 240 320 400 480
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7-6. Boost Efficiency
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7.12 Typical Characteristics (continued)
Unless otherwise specified: D = NRVB460MFS, T = 25°C
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80

Boost Efficiency (%)

76 — Vin=16V
— V=12V
72 Viy = 8V
— Vin=6V

68
80 160 240 320 400 480
Output Current (mA)

L=4.7uH DC Load (PWM = 100%)
VBoost = 18 V

fsw =2.2 MHz
Cinand Coytr =3 x 10 pF
(ceramic)

7-7. Boost Efficiency
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7-8. Boost Efficiency
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8 Detailed Description
8.1 Overview

The TPS92380, TPS92381 is a highly integrated LED driver for medium-size LCD backlight applications. It
includes a DC-DC with an integrated FET, supporting both boost and SEPIC modes, an internal LDO enabling
direct connection to battery without need for a pre-regulated supply, and 3 or 4 LED current sinks. The
VDDIO/EN pin provides the supply voltage for digital I0s (PWM and SYNC inputs) and at the same time enables
the device.

The switching frequency on the DC-DC converter is set by a resistor connected to the FSET pin. The maximum
voltage of the DC-DC is set by a resistive divider connected to the FB pin. For the best efficiency, the output
voltage is adapted automatically to the minimum necessary level needed to drive the LED strings. This is done
by monitoring LEDs' cathode voltage in real time. For EMI reduction, two optional features are available:

» Spread spectrum, which reduces EMI noise around the switching frequency and its harmonic frequencies
» DC-DC can be synchronized to an external frequency connected to SYNC pin

The 3 or 4 constant current outputs OUT1, OUT2, OUT3, and OUT4 provide LED current up to 120 mA. Value
for the current per OUT pin is set with a resistor connected to ISET pin. Current sinks that are not used must be
connected to ground. Grounded current sink is disabled and excluded from boost adaptive voltage detection
loop.

Brightness is controlled with the PWM input. Frequency range for the input PWM is from 100 Hz to 20 kHz. LED
output PWM behavior follows the input PWM so the output frequency is equal to the input frequency.

TPS9238x has extensive fault detection features:

* LED open and short detection

* V|y input overvoltage protection

* V)y input undervoltage protection

* Vpgoost OUtput overvoltage protection

» SW overvoltage protection

* Thermal shutdown in case of chip overheated

Fault condition is indicated through the FAULT output pin.
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8.2 Functional Block Diagram

VIN
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]
L
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sw
-
gl
SYNC
BOOST PGND
Reser  EgET CONTROLLER
NV FB
Riser ISET 4 x LED
CURRENT
SINK ouT1
CURRENT
SETTING
PWM

VDDIO/EN

VDDIO

I

DIGITAL BLOCKS
(FSM, ADAPTIVE VOLTAGE
CONTROL, SAFETY LOGIC

etc.)

ANALOG BLOCKS
(CLOCK GENERATOR, VREF,
TSD etc.)

[
\t EXPOSED PAD
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8.3 Feature Description
8.3.1 Integrated DC-DC Converter

The TPS9238x DC-DC converter generates supply voltage for the LEDs and can operate in boost mode or in
SEPIC mode. The output voltage, switching frequency are all configured by external resistors.

For detailed boost application, refer to Typical Application for 4 LED Strings.
For detailed SEPIC application, refer to SEPIC Mode Application.
8.3.1.1 DC-DC Converter Parameter Configuration

The TPS9238x converter is a current-peak mode DC-DC converter, where the switch FET's current and the
output voltage feedback are measured and controlled. The block diagram is shown in [%| 8-1.

VIN o W\_‘ VOUT
1
CIN
sw
= — e —————————————— — — ]| —— — — — b
| ocP |
| ADAPTIVE — | fo
VOLTAGE
| CONTROL LOAD | OVP | CURRENT
| l RC —— SENSE : il
B filter - SR R R J =
R | PGND
SYNC —
FSET F 'IL“\—\_,—"'I‘_ i
oL — I —| g ank I
BOOST OFF/BLANK TIME  CURRENT [
| OSCILLATOR TIME RAMP |
Reser PULSE GENERATOR |
GENERATOR

8-1. DC-DC Converter in Boost Application

8.3.1.1.1 Switching Frequency

Switching frequency is adjustable between 300 kHz and 2.2 MHz with Rgggt resistor as = 1:
fsw =67600/ (ReseT + 6.4) (1)

where

*  fswis switching frequency, kHz
* Regger is frequency setting resistor, kQ

For example, if Rgset is set to 163 kQ, fgy will be 400 kHz.
In most cases, lower switching frequency has higher system efficiency and lower internal temperature increase.
8.3.1.1.2 Spread Spectrum and External SYNC

TPS9238x has an optional spread spectrum feature (+3% from central frequency, 1-kHz modulation frequency)
which reduces EMI noise at the switching frequency and its harmonic frequencies. If SYNC pin level is low,
spread spectrum function is disabled. If SYNC pin level is high, spread spectrum function is enabled.

TPS9238x DC-DC converter can be driven by an external SYNC signal between 300 kHz and 2.2 MHz. When
external synchronization is used, spread spectrum is not available. If the external synchronization input
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disappears, DC-DC continues operation at the frequency defined by Rgggt resistor and spread spectrum
function will be enabled/disabled depending on the final SYNC pin level.

External SYNC frequency must be close to the frequency defined by Rgget resistor. In external SYNC
configuration, minimum frequency setting with Rgset could go as low as 250 kHz to support 300-kHz switching
with external clock.

# 8-1. DC-DC Synchronization Mode
MODE

SYNC PIN INPUT
Low
High
300 to 2200-kHz frequency

Spread spectrum disabled

Spread spectrum enabled

Spread spectrum disabled, external synchronization mode

8.3.1.1.3 Recommended Component Value and Internal Parameters

The TPS9238x DC-DC converter has an internal compensation network to ensure the stability. There's no
external component needed for compensation. It's strongly recommended that the inductance value and the
boost input and output capacitors value follow the requirement of  8-2. Also, the DC-DC internal parameters
are chosen automatically according to the selected switching frequency (see # 8-2) to ensure stability.

% 8-2. Boost Converter Parameters(")

GopeE FREQUENCY (kHz) INDUCTANGE (i) | AND OUTPUT CAPACITORS (4) | OFF TIME (ne)o) TIME (ne)
1 300 to 480 220r33 2 x10 (cer.) + 33 (electr.) 150 95
2 480 to 1150 15 10 (cer.) + 33 (electr.) 60 95
3 1150 to 1650 10 3 x 10 (cer.) 40 95
4 1650 to 2200 4.7 0r 10 3 x 10 (cer.) 40 70

M
@

8.3.1.1.4 DC-DC Converter Switching Current Limit

The TPS9238x DC-DC converter has an internal SW FET inside chip's SW pin. The internal FET current is
limited to 3.35 A (typical). The DC-DC converter will sense the internal FET current, and turn off the internal FET
cycle-by-cycle when the internal FET current reaches the limit.

Parameters are for reference only.
Due to current sensing comparator delay the actual minimum off time is 6 ns (typical) longer than in the table.

To support start transient condition, the current limit could be automatically increased to 3.7 A for a short period
of 1.6 seconds when a 3.35-A limit is reached.

Note

Application condition where the 3.35-A limit is exceeded continuously is not allowed. In this case the
current limit would be 3.35 A for 1.6 seconds followed by 3.7-A limit for 1.6 seconds, and this 3.2-
second period repeats.

8.3.1.1.5 DC-DC Converter Light Load Mode

TPS9238x DC-DC converter will enter into light load mode in below condition:
* V| voltage is very close to Voyr

* Loading current is very low

*  PWM pulse width is very short

When DC-DC converter enters into light load mode, DC-DC converter stops switching occasionally to make sure
boost output voltage won't rise up too much. It could also be called as PFM mode, since the DC-DC converter
switching frequency will change in this mode.

8.3.1.2 Adaptive Voltage Control

The TPS9238x DC/DC converter generates the supply voltage for the LEDs. During normal operation, boost
output voltage is adjusted automatically based on the LED cathode (OUTx pin) voltages. This is called adaptive
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boost control. Only the active LED outputs are monitored to control the adaptive boost voltage. Any LED strings
with open or short faults are removed from the adaptive voltage control loop. The OUTx pin voltages are
periodically monitored by the control loop. The boost voltage is raised if any of the OUTx voltage falls below the
Viow comp threshold. The boost voltage is also lowered if all OUTx voltages are higher than Vi ow comp
threshold. The boost voltage keeps unchanged when one of OUTx voltage touches the V| ow cowmp threshold. In
normal operation, the lowest voltage among the OUTx pins is around V| ow comp, and boost voltage stays
constant. Vi ow_cowmp level is the minimum voltage which could guarantee proper LED current sink operation.
See [¥ 8-2 for how the boost voltage automatically scales based on the OUT1-4 pin voltage.

OouT 1-4
VOLTAGE

Viow_comp

Normal Dynamic
Conditions Conditions

Ed 8-2. Adaptive Boost Voltage Control Loop Function

8.3.1.2.1 Using Two-Divider

VBeoosT max voltage should be chosen based on the maximum voltage required for LED strings. Recommended
maximum voltage is about 3 to 5-V higher than maximum LED string voltage. DC-DC output voltage is adjusted
automatically based on LED cathode voltage. The maximum, minimum and initial boost voltages can be
calculated with = 2:

VaoosT = (\s—g +K x 0.0387] x R1+ Vgg
)

where

N VBG =12V

* R2recommended value is 10 kQ to 200 kQ

* R1/R2 recommended value is 5 to 10

» K =1 for maximum adaptive boost voltage (typical)
» K =0 for minimum adaptive boost voltage (typical)
» K =0.88 for initial boost voltage (typical)

For example, if R1 is set to 750 kQ and R2 is set to 130 kQ, VgposT Will be in the range of 8.1 V to 37.1 V.
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Vour

Cour

R1
Vg +
] v
[ ~
1 BSTOVP
Vou,
Current DAC

(38.7uA Full-Scale)

] 8-3. FB External Two-Divider Resistors

8.3.1.2.2 Using T-Divider

Alternatively, a T-divider can be used if resistance less than 100 kQ is required for the external resistive divider.
Then the maximum, minimum and initial boost voltages can be calculated with

R1xR3 R1
V, =| ————+R1+R3 |Kx0.0387 —+1 %V,
BOOST ( R Thi+ j X + (R2+ )X BG -
where
. VBG=1'2V

* R2 recommended value is 10 kQ to 200 kQ

* R1/R2 recommended value is 5 to 10

* K =1 for maximum adaptive boost voltage (typical)
» K =0 for minimum adaptive boost voltage (typical)
» K =0.88 for initial boost voltage (typical)

For example, if R1 is set to 100 kQ, R2 is set to 10 kQ and R3 is set to 60 kQ, VgpoosT Will be in the range of 13.2
V10426 V.
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1 BSTOVP
Vov.

Current DAC
(38.7uA Full-Scale)

&l 8-4. FB External T-divider Resistors

8.3.1.2.3 External Compensation

The device has internal compensation network to keep the DC-DC control loop in good stability in most cases.
However, an additional external compensation network could also be added on FB-pin to offer more flexibility in
loop design or solving some extreme use-cases.

Vour

] BSTOVP
Vou;

Current DAC
(38.7uA Full-Scale)

8-5. External Compensation Network

This network will create one additional pole and one additional zero in the loop.

1
f =
POLE_COMP
27[(R; [IR2)+R4]Ccomp
f 1
ZERO _COMP=
27R4Ccomp
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It could be noted that R3 doesn't take part in the compensation. So this external compensation network could be
both used in two-divider netwrok and T-divider network with no equation change.

In real application, for example, when DC-DC loop has stability concern, putting the additional pole in 1 kHz and
the additional zero in 2 kHz will suppress the loop gain by approximately 6dB after 2 kHz. This will benefit gain
margin and phase margin a lot.

8.3.2 Internal LDO

The internal LDO regulator converts the input voltage at VIN to a 4.3-V output voltage for internal use. Connect a
minimum of 1-yF ceramic capacitor from LDO pin to ground, as close to the LDO pin as possible.

8.3.3 LED Current Sinks

8.3.3.1 LED Output Configuration

TPS9238x detects LED output configuration during start-up. Any current sink output connected to ground is
disabled and excluded from the adaptive voltage control of the DC-DC converter and fault detections.

If more current is needed, TPS9238x's output could also be connected together to support the high current LED.
8.3.3.2 LED Current Setting

The output current of the LED outputs is controlled with external R|set resistor. Riggt value for the target LED
current per channel can be calculated using = 4:

lep = 2000x-'BG-
RiseT )

where

. VBG =12V

* RseT is current setting resistor, kQ

* | gp is output current per OUTx pin, mA

For example, if Riggt is set to 20 kQ, 1| gp will be 120 mA per channel.
8.3.3.3 Brightness Control

TPS9238x controls the brightness of the display with conventional PWM. Output PWM directly follows the input
PWM. Input PWM frequency can be in the range of 100 Hz to 20 kHz.

8.3.4 Fault Detections and Protection

The TPS9238x has fault detection for LED open and short, VIN input overvoltage protection (VIN_OVP), VIN
undervoltage protection (VIN_UVLO), VIN overcurrent protection (VIN_OCP), Boost output overvoltage
protection (BST_OVP), SW overvoltage protection (SW_OVP) and thermal shutdown (TSD).

8.3.4.1 Supply Fault and Protection
8.3.4.1.1 VIN Undervoltage Fault (VIN_UVLO)

The TPS9238x device supports VIN undervoltage protection. The VIN undervoltage falling threshold is 3.85-V
typical and rising threshold is 4-V typical. If during operation of the TPS9238x device, the VIN pin voltage falls
below the VIN undervoltage falling threshold, the boost, LED outputs, and power-line FET will be turned off, and
the device will enter FAULT RECOVERY mode. The FAULT pin will be pulled low. The TPS9238x will exit FAULT
RECOVERY mode after 100 ms and try the start-up sequence again. VIN_UVLO fault detection is available in
SOFT START, BOOST START, and NORMAL state.

8.3.4.1.2 VIN Overvoltage Fault (VIN_OVP)

The TPS9238x device supports VIN overvoltage protection. The VIN overvoltage threshold is 43-V typical. If
during TPS9238x operation, VIN pin voltage rises above the VIN overvoltage threshold, the boost, LED outputs
and the power-line FET will be turned off, and the device will enter FAULT RECOVERY mode. The FAULT pin
will be pulled low. The TPS9238x will exit FAULT RECOVERY mode after 100 ms and try the start-up sequence
again. VIN_OVP fault detection is available in SOFT START, BOOST START and NORMAL state.
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8.3.4.2 Boost Fault and Protection
8.3.4.2.1 Boost Overvoltage Fault (BST_OVP)

The TPS9238x device supports boost overvoltage protection. If during TPS9238x operation, the FB pin voltage
exceeds the Vgg oyp threshold, which is 2.3-V typical, the boost, LED outputs and the power-line FET will be
turned off, and the device will enter FAULT RECOVERY mode. The FAULT pin will be pulled low. The TPS9238x
will exit FAULT RECOVERY mode after 100 ms and try the start-up sequence again. BST_OVP fault detection is
available in NORMAL state.

Calculating back from FB pin voltage threshold to boost output OVP voltage threshold, the value is not a static
threshold, but a dynamic threshold changing with the current target boost adaptive voltage:

R1
VBoosT ovp = VeoosT+ (@Hj x(Ves_ovp — VBa)
(5)

where

* VpoosT is the current target boost adaptive voltage, which in most time is the current largest LED string
forward voltage among multiple strings + 0.9 V in steady state

* Veeowp =23V

° VBG =12V

* Ry and Rs is the resistor value of FB external network in Using Two-Divider and Using T-Divider

For example, if R4 is set to 750 kQ and R, is set to 130 kQ, VgoosT Will report OVP when the boost voltage is 7.4
V above target boost voltage.

This equation holds true in both two-divider FB external network and T-divider FB external network.
8.3.4.2.2 SW Overvoltage Fault (SW_OVP)

Besides boost overvoltage protection, the TPS9238x supports SW pin overvoltage protection to further protect
the boost system from overvoltage scenario. If during TPS9238x operation, the SW pin voltage exceeds the
Vsw ovp threshold, which is 49-V typical, the boost, LED outputs and the power-line FET are turned off, and the
device will enter FAULT RECOVERY mode. The FAULT pin will be pulled low. The TPS9238x will exit FAULT
RECOVERY mode after 100 ms and try the start-up sequence again. SW_OVP fault detection is available in
SOFT START, BOOST START and NORMAL state.

8.3.4.3 LED Fault and Protection (LED_OPEN and LED_SHORT)

Every LED current sink has 3 comparators for LED fault detections.

W ouT#
ViigH_comp
HIGH_COMP
0_iJ’>—
Vwmip_comp
MID_COMP
v +l
Low cowe LOW_COMP
r>——=

CURRENT/PWM
CONTROL

8-6. Comparators for LED Fault Detection

8-7 shows cases which generates LED faults. Any LED faults will pull the Fault pin low.

During normal operation, boost voltage is raised if any of the used LED outputs falls below the Vi ow comp
threshold. Open LED fault is detected if boost output voltage has reached the maximum and at least one LED
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output is still below the threshold. The open string is then disconnected from the boost adaptive control loop and
its output is disabled.

Shorted LED fault is detected if one or more LED outputs are above the Vg _comp threshold (typical 6 V) and
at least one LED output is inside the normal operation window (between V| ow comp and Vuip_cowp, typical 0.9
V and 1.9 V). The shorted string is disconnected from the boost adaptive control loop and its output is disabled.

LED Open fault detection and LED Short fault detection are available only in NORMAL state.

A . | Open LED fault - Short LED fault
OUT1~4 PIN No actions | when " (at least one channel between
VOLTAGE |-« . . . . . .. .. . . . Veoost.=MAX . 'LOW_COMP and MID.COMP)
Open LED Fault Short 5ED Fault
VHGH OOMP o — — — — — — — — — — H [ o _
Vup comp == == ———— — — H F-———[H |—————
Viow_comp = — S H F———1 H ==
hall & (VA 5 [epd S AN g | |N| [ [ ~| || o) |
=lelel s =l el El =l el el =
=] =) =] =) =] N =1 N =1 =) =11 =10 =10 =)
(o] [e) | [e] | (o] Ol |Of |10] |0 ol [Of [O] |O

8-7. Protection and DC-DC Voltage Adaptation Algorithms

If LED fault is detected, the device continues normal operation and only the faulty string is disabled. The fault is
indicated via the FAULT pin which can be released by toggling VDDIO/EN pin low for a short period of 2 us to 20
us. LEDs are turned off for this period but the device stays in NORMAL state. If VDDIO/EN is low longer, the
device goes to STANDBY and restarts when EN goes high again.

This means if the system doesn't want to simply disable the device because of LED faults. It could clear the LED
faults by toggling VDDIO/EN pin low for a short period of 2 ps to 20 ps.

8.3.4.4 Thermal Fault and Protection (TSD)

If the die temperature of TPS9238x reaches the thermal shutdown threshold Ttsp, which is 165°C typical, the
boost, power-line FET and LED outputs are turned off to protect the device from damage. The FAULT pin will be
pulled low. The TPS9238x will exit FAULT RECOVERY mode after 100 ms and try the start-up sequence again.
Only if the die temperature drops lower than Ttgp - Ttsp Hys, Which is 145°C typical, the device could start-up
normally. TSD fault detection is available in SOFT START, BOOST START and NORMAL state.
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8.3.4.5 Overview of the Fault and Protection Schemes

A summary of the TPS9238x fault detection behavior is shown in # 8-3. Detected faults (excluding LED open or short) cause device to enter FAULT
RECOVERY state. In FAULT _RECOVERY the DC-DC and LED current sinks of the device are disabled, and the FAULT pin is pulled low. The device will
exit FAULT RECOVERY mode after 100 ms and try the start-up sequence again. When recovery is successful and device enters into NORMAL state, the
FAULT pin is released high.

£ 8-3. Fault Detections

FAULT/ Enter FAULT_
FAULT NAME CONDITION FAULT PIN| RECOVERY ACTIVE STATE ACTION
PROTECTION
STATE
VIN overvoltage SOFT START, BOOST | Device enters into FAULT RECOVERY state, and restarts after
protection VINOVP  |VIN >43V Yes Yes START, NORMAL 100 ms.
Effective when VIN <
VIN undervoltage VIN UVLO 3.85V Yes Yes SOFT START, BOOST |Device enters into FAULT RECOVERY state, and restarts after
protection - Released when VIN > START, NORMAL 100 ms.
4V
Adaptive Voltage is Open strlng is removed from the DC-DC voltage control loop
max. and and output is disabled.
Open LED fault LED _OPEN an bUTx voltage < 0.9 Yes No NORMAL Fault pin low could be released by toggling VDDIO/EN pin, If
Vv y 9 ’ VDDIO/EN is low for a period of 2 ps to 20 ps, LEDs are turned
off for this period but device stays in NORMAL.
One of OUTX voltage is Short strlng_ is r_emoved from the DC-DC voltage control loop
[0.9V, 1.9 V] and and output is disabled.
Shorted LED fault LED_SHORT ar; O’U'I.'x voltae > 6 Yes No NORMAL Fault pin low could be released by toggling VDDIO/EN pin, If
Vv y 9 VDDIO/EN is low for a period of 2 us to 20 s, LEDs are turned
off for this period but device stays NORMAL.
Fault is detected if boost overvoltage condition duration is more
Boost overvoltage than 560 ms.
protection BST_OVP Vrg>23V Yes Yes NORMAL Device enters into FAULT RECOVERY state, and restarts after
100 ms.
SW overvoltage SOFT START, BOOST | Device enters into FAULT RECOVERY state, and restarts after
protection SW_OVP |Vsw >49V Yes Yes START, NORMAL 100 ms.
Effective when Tj > 165
Thermal protection TSD °C Yes Yes SOFT START, BOOST |Device enters into FAULT RECOVERY state, and restarts until
P Released when Tj < START, NORMAL TSD fault is released.
145 °C
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8.4 Device Functional Modes
8.4.1 STANDBY State

The TPS9238x enters STANDBY state when the VIN voltage powers on and voltage is higher than VINUVLO
rising threshold, which is 4-V typical. In STANDBY state, the device is able to detect VDDIO/EN signal. When
VDDIO/EN is pulled high, the internal LDO wakes up and the device enters into SOFT START state. The device
will re-enter the STANDBY state when VDDIO/EN is pulled low for more than 50 us.

8.4.2 SOFT START State

In SOFT START state, VIN_OVP, VIN_UVLO, SW_OVP and TSD fault are active. After 65 ms, the device enters
into BOOST START state.

8.4.3 BOOST START State

In BOOST START state, DC-DC controller is turned on and boost voltage is ramped to initial boost voltage level
with reduced current limit. VIN_OVP, VIN_UVLO, SW_OVP and TSD fault are active in this state. After 50 ms,
LED outputs do a one-time detection on grounded outputs. Grounded outputs are disabled and excluded from
the adaptive voltage control loop. Then the device enters into NORMAL state.

8.4.4 NORMAL State

In NORMAL state, LED drivers are enabled when PWM signal is high. All faults are active in this state. Fault pin
will be released high in the start of NORMAL state if recovering from FAULT RECOVERY state and no fault is
available.

8.4.5 FAULT RECOVERY State

Non-LED faults can trigger fault recovery state. LED drivers and boost converter are both disabled. After 100 ms,
the device attempts to restart from SOFT START state if VDDIO/EN is still high.

8.4.6 State Diagram and Timing Diagram for Start-up and Shutdown

VlN > VUVLO
’ STANDBY «
VDDIO/EN=1
y
VDDIO/EN =0 - SOFT START 65 ms
y
<FAULT BOOST START 50 ms
100 ms FAULT RECOVERY <o | — — —l— -
I LED OUTPUT I
CONFIGURATION
|  DETECTION
| (1% time power-up only) I
FAULT NORMAL
- VDDIO/EN=0
¥ 8-8. State Diagram
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8-9. Timing Diagram for the Typical Start-Up and Shutdown
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9 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The TPS9238x is designed for medium power backlight applications. The input voltage (Vy) is intended to be
connected to the system DC supply directly, which supports voltage range from 4.5 V to 40 V. Device internal
circuitry is powered from the integrated LDO.

The TPS9238x uses a simple four-wire control:

» VDDIO/EN for enable

*  PWM input for brightness control

* SYNC pin for boost synchronisation (optional)

* FAULT output to indicate fault condition (optional)

9.2 Typical Applications

9.2.1 Typical Application for 4 LED Strings

9-1 shows the typical application for TPS9238x which supports 4 LED strings, 100 mA per string with a boost
switching frequency of 400 kHz.

Vin

5..28V L1
® Y YY)
_LCw
E
sw
FB
VIN
Cipo OUT1
"|—| I— LDO TPS92381
Rrser out2
I—\AA—] FSET OUT3
— SYNC ouT4
BRIGHTNESS BWM
VDDIO/EN VDDIOEN
FAULT FAULT ISET
R8 PGND GND PAD Riser
VDDIO/EN
‘ =
EJ 9-1. Four Strings 100 mA per String Configuration
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9.2.2 Design Requirements

£ 9-1. Design Requirements Table

DESIGN PARAMETER VALUE
V)\ voltage range 5V-28V
LED string 4P8S LEDs (30-V max)
LED string current 100 mA
Maximum boost voltage 34V
Boost switching frequency 400 kHz
External boost sync not used
Boost spread spectrum enabled
L1 33 uH
Cin 100 pF, 50 V
CiNBOOST 2 x (10 pF, 50-V ceramic) + 33 uF, 50-V electrolytic
Cout 2 x (10 pF, 50-V ceramic) + 33 yF, 50-V electrolytic
Cipo 1uF, 10V
Riser 24 kQ
Rrser 160 kQ
R1 685 kQ
R2 130 kQ

9.2.3 Detailed Design Procedure
9.2.3.1 Inductor Selection

There are two main considerations when choosing an inductor; the inductor must not saturate, and the inductor
current ripple must be small enough to achieve the desired output voltage ripple. Different saturation current
rating specifications are followed by different manufacturers so attention must be given to details. Saturation
current ratings are typically specified at 25°C. However, ratings at the maximum ambient temperature of
application should be requested from the manufacturer. Shielded inductors radiate less noise and are preferred.
The saturation current must be greater than the sum of the maximum load current, and the worst case average-
to-peak inductor current. = 6 shows the worst case conditions

loutmAx
IsaT >~ + IRIPPLE  For Boost

(Vout-Vin) _ Vin
(2 x L x f) Vout

Where IrippLE =

MandD’:U—D)

Where D =
o (Vour) (6)

* IrippLE - Peak inductor current

. IOUTMAX - maximum load current

* VN - minimum input voltage in application

e L - min inductor value including worst case tolerances
* f- minimum switching frequency

*  Vpur - output voltage

* D - Duty Cycle for CCM Operation

As a result, the inductor should be selected according to the Isat. A more conservative and recommended
approach is to choose an inductor that has a saturation current rating greater than the maximum current limit. A
saturation current rating of at least 4.1 A is recommended for most applications. See # 8-2 for recommended
inductance value for the different switching frequency ranges. The inductor’s resistance should be less than

300 mQ for good efficiency.

See detailed information in Understanding Boost Power Stages in Switch Mode Power Supplies.
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Power Stage DesingerTool can be used for the boost calculation.
9.2.3.2 Output Capacitor Selection

A ceramic capacitor with 2 x Vyax soosT Or more voltage rating is recommended for the output capacitor. The
DC-bias effect can reduce the effective capacitance by up to 80%, which needs to be considered in capacitance
value selection. If the selected ceramic capacitors' voltage rating is less than 2 x Vyax soosT, an alternative way
is to increase the number of ceramic capacitors. Capacitance recommendations for different switching
frequencies are shown in 3 8-2. To minimize audible noise of ceramic capacitors their physical size should
typically be minimized.

9.2.3.3 Input Capacitor Selection

A ceramic capacitor with 2 x V|y max or more voltage rating is recommended for the input capacitor. The DC-bias
effect can reduce the effective capacitance by up to 80%, which needs to be considered in capacitance value
selection. If the selected ceramic capacitors' voltage rating is less than 2 x Vyax soosT, an alternative way is to
increase the number of ceramic capacitors. Capacitance recommendations for different boost switching
frequencies are shown in 3 8-2.

9.2.3.4 LDO Output Capacitor

A ceramic capacitor with at least 10-V voltage rating is recommended for the output capacitor of the LDO. The
DC-bias effect can reduce the effective capacitance by up to 80%, which needs to be considered in capacitance
value selection. Typically a 1-yF capacitor is sufficient.

9.2.3.5 Diode

A Schottky diode should be used for the boost output diode. Do not use ordinary rectifier diodes, because slow
switching speeds and long recovery times degrade the efficiency and the load regulation. Diode rating for peak
repetitive current should be greater than inductor peak current (up to 4.1 A) to ensure reliable operation in boost
mode. Average current rating should be greater than the maximum output current. Schottky diodes with a low
forward drop and fast switching speeds are ideal for increasing efficiency. Choose a reverse breakdown voltage
of the Schottky diode significantly larger than the output voltage. The junction capacitance of Schottky diodes
are also very important. Big junction capacitance leads to huge reverse current and big noise when boost is
switching. A < 500-pF junction capacitance at Vg = 0.1 V Schottky diode is recommended.

9.2.4 Application Curves

100 p— ; ‘ _—
96
5 92 7
9
; MM
g 88 - /
o /-\\ i
o |
E 84 ] . # i o e e e o
£ |
9 80 [Z4VBOOST } i ‘ 1
& I il
76 VIN - 16V EH1_BOOST_OUT, "o »
— V=12V
72 Vin =8V ‘ : i
I VIN =6V 12 qum/mw—q-J 4
68
80 160 240 320 400 480 @ 500V & @2 - @ 200mA_ &) [40. oms ] 250kS/s. @ - 1.8V
Output Current (mA) o 120.0 100k points
Load 4 strings, Vgoost = 30 V fsw=400 kHz, 22 uH

X 9-2. LED Backlight Efficiency 9-3. Typical Start-Up

9.2.5 SEPIC Mode Application

When LED string voltage can be above or below V|y voltage, SEPIC configuration can be used. In this example,
two separate coils or coupled coil could both be used for SEPIC. Separate coils can enable lower height external
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components to be used, compared to a coupled coil solution. On the other hand, coupled coil typically
maximizes the efficiency. Also, in this example, an external clock is used to synchronize SEPIC switching
frequency. External clock input can be modulated to spread switching frequency spectrum.

Vi IF—& oo D1
45.30V >—| |—‘ oo
o YA\ () () S————
[ )
_LCW BOOST L1 C1 con
T s
sw R2 A1
VIN FB
Up to 100mA/String
Cuoo OUT1 e
p
o  TPS92381 e
Rrser our '
y FSET OUTS [—ja-- -1
XX KK KX KX
I (PP ouT4
BRIGHTNESS PWM
VDDIO/EN VDDIO/EN
FAULT FAULT ISET
R3 PGND GND PAD Riser

VDDIO/EN
] =

9-4. SEPIC Mode, 4 Strings 100 mA per String Configuration
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9.2.5.1 Design Requirements

£ 9-2. Design Requirements Table

DESIGN PARAMETER VALUE
V)\ voltage range 45V-30V
LED string 4P4S LEDs (15-V max)
LED string current 100 mA
Maxmum output voltage 20V
SEPIC switching frequency 2.2 MHz
External sync for SEPIC used
Spread spectrum Internal spread spectrum disabled (external sync used)
L1, L2 4.7 uH
Cin 10 uF 50 V
CiNn sePiC 2 x 10 yF, 50-V ceramic + 33 yF, 50-V electrolytic
C1 10-pF 50-V ceramic
Cout 2 x 10 yF, 50-V ceramic + 33 uF, 50-V electrolytic
Cipo 1uF, 10V
Riser 24 kQ
Reset 24 kQ
R1 265 kQ
R2 37 kQ
R3 10 kQ

9.2.5.2 Detailed Design Procedure

In SEPIC mode the maximum voltage at the SW pin is equal to the sum of the input voltage and the output
voltage. Because of this, the maximum sum of input and output voltage must be limited below 49 V. See the
Detailed Design Procedure section for general external component guidelines. Main differences of SEPIC
compared to boost are described below.

Power Stage Designer™ Tool can be used for modeling SEPIC behavior. For detailed explanation on SEPIC see
Texas Instruments Analog Applications Journal Designing DC/DC Converters Based on SEPIC Topology.

9.2.5.2.1 Inductor

In SEPIC mode, currents flowing through the coupled inductors or the two separate inductors L1 and L2 are the
input current and output current, respectively. Values can be calculated using Power Stage Designer™ Tool or
using equations in Designing DC/DC Converters Based on SEPIC Topology.

9.2.5.2.2 Diode

In SEPIC mode diode peak current is equal to the sum of input and output currents. Diode rating for peak
repetitive current should be greater than SW pin current limit (up to 4.1 A for transients) to ensure reliable
operation in boost mode. Average current rating should be greater than the maximum output current. Diode
voltage rating must be higher than sum of input and output voltages.

9.2.5.2.3 Capacitor C1

Tl recommends a ceramic capacitor with low ESR. Capacitor voltage rating must be higher than maximum input
voltage.
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9.2.5.3 Application Curves
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10 Power Supply Recommendations

The device is designed to operate from a direct DC supply. The resistance of the input supply rail must be low
enough so that the input current transient does not cause a high drop at TPS9238x VIN pin. If the input supply is
connected by using long wires, additional bulk capacitance may be required in addition to the ceramic bypass
capacitors in the V| line.

11 Layout
11.1 Layout Guidelines

11-1 is a layout recommendation for TPS9238x used to demonstrate the principles of a good layout. This
layout can be adapted to the actual application layout if or where possible. It is important that all boost
components are close to the chip, and the high current traces must be wide enough. By placing boost
components on one side of the chip it is easy to keep the ground plane intact below the high current paths. This
way other chip pins can be routed more easily without splitting the ground plane. Bypass LDO capacitor must be
placed as close as possible to the device.

Here are some main points to help the PCB layout work:

* Current loops need to be minimized:

— For low frequency the minimal current loop can be achieved by placing the boost components as close as
possible to the SW and PGND pins. Input and output capacitor grounds must be close to each other to
minimize current loop size.

— Minimal current loops for high frequencies can be achieved by making sure that the ground plane is intact
under the current traces. High-frequency return currents find a route with minimum impedance, which is
the route with minimum loop area, not necessarily the shortest path. Minimum loop area is formed when
return current flows just under the positive current route in the ground plane if the ground plane is intact
under the route. To minimize the current loop for high frequencies:

» The inductor's pin in SW node needs to be as near as possible to chip's SW pin.
+ Put a small capacitor as near as possible to the diode's pin in boost output node and arrange vias to
PGND plane close to the capacitor's GND pin.

» Use separate power and noise-free grounds. PGND is used for boost converter return current and noise-free
ground is used for more sensitive signals, such as LDO bypass capacitor grounding as well as grounding the
GND pin of the device.

» Boost output feedback voltage to LEDs must be taken out after the output capacitors, not straight from the
diode cathode.

» Place LDO 1-uF bypass capacitor as close as possible to the LDO pin.

* Input and output capacitors require strong grounding (wide traces, many vias to GND plane).
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11.2 Layout Example
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11-1. TPS9238x Boost Layout
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12 Device and Documentation Support
12.1 Device Support
12.1.1 Development Support

Power Stage Designer™ Tool can be used for both boost and SEPIC: Power Stage Designer™ Tool

12.2 Documentation Support
12.2.1 Related Documentation

For related documentation see the following:

*  PowerPAD™ Thermally Enhanced Package

* Understanding Boost Power Stages in Switch Mode Power Supplies
» Designing DC-DC Converters Based on SEPIC Topology

e Tl E2E™ support forums

12.3 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.
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12.5 Trademarks
Power Stage Designer™ is a trademark of TI.
TI E2E™ is a trademark of Texas Instruments.

T RTOREET, ENENDOFAEICRBLES,
12.6 Electrostatic Discharge Caution

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

\ 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.

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

13 Mechanical, Packaging, and Orderable Information

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS92380PWPR Active Production HTSSOP (PWP) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 92830
TPS92380PWPR.A Active Production HTSSOP (PWP) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 92830
TPS92381PWPR Active Production HTSSOP (PWP) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 92831
TPS92381PWPR.A Active Production HTSSOP (PWP) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 92831

@ 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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PACKAGE OUTLINE

™ .
PWP0020W PowerPAD™ TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX
AREA 18X
R ) 20
11— =t ﬁ
—1 —4
 — 1
—1 1
2X
—1 1
o6
NOTE 3
—1 1
—1 1
—1 1
10 =3
. J 11
A5 20x 0-30
8] 43 0.17 4X (0°-12°)
' [ Joa@[c[a[B]
SEE DETAIL A
s \
: \ (0.15) TYP
' 1} T T .
\ Ly
2X 0.7 MAX
NOTE 5
10— | —Fr!
2X 0.27 MAX
—] 1 NOTE 5 -
— I_I_H | —
= =
| — — GAGE PLANE - 1.2 MAX
364 L[ 21 I { a —i
294 — T X'r L
T THERMAL g 0.15
— 1  paD 0.05
—
— b — DETAIL A
— 1 TYPICAL
N — 120
2.79
2.24
4231145/A 08/2024
PowerPAD is a trademark of Texas Instruments.
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. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.
. Reference JEDEC registration MO-153.
. Features may differ or may not be present.
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EXAMPLE BOARD LAYOUT

PWP0020W PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(3.4)
NOTE 9
(2.79)
,—METAL COVERED
20X (1.5) ﬁ S\&LIVIM BY SOLDER MASK
1

—

S ‘>/ | | 20
-

(6.5)
NOTE 9

20X (0.45) jF] |
wooyTve [ | ] | |

©@0.2) TYP :
S S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING‘\ SOLDER MASK\ / OPENING
O \
|
EXPOSED METAL | " ———EXPOSED METAL
#L 0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4231145/A 08/2024

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.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.
10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged
or tented.
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EXAMPLE STENCIL DESIGN
PWP0020W PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(2.79)
BASED ON
0.125 THICK

20X (1.5 METAL COVERED
(-9) STENCIL BY SOLDER MASK
& 1 I k ,,,,, A
20
aoxoan | [ 1)

(R0.05) TYP — g
(3.64)

I
I
I
I
I
I
|
I
I
I
I
I
I
:
I
[ N S — BASED ON
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|

T

0.125 THICK
STENCIL

)
o
%
)

11

SEE TABLE FOR
[ ‘ DIFFERENT OPENINGS

FOR OTHER STENCIL
(5.8) THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 10X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.12 X 4.07
0.125 2.79 X 3.64 (SHOWN)
0.15 2.55 X 3.32
0.175 2.36 X 3.08

4231145/A 08/2024

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

PWP (R—PDSO—GQO) PowerPAD™ PLASTIC SMALL OUTLINE
r ﬂr%’ig
20 1

EEERLTLI

g .
[ TieruaL pao | e ™~
| | 450 6,50 015 NOM
sEppowe % 5w U M\
| SEPARATE SHEET | i }_fi |
O |
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W 10 N 0.25,
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6,40 s 0,75
0,50
-
r L ) A N

vy (AAAMAAAAMD .  seoting Plore w1 A

L 1,20 X 015 F N

40732254 /1 05/11

A.All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQOZ for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
E. Falls within JEDEC MO-153

NOTES:

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PWP (R—PDSO—G20) PowerPAD" SMALL PLASTIC OUTLINE
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQ2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQOO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

AAAARAAAAT

115 MAX.

g
=
e oL

LLLLEEEEE:

I Exposed Thermal Pad

Top View

Exposed Thermal Pad Dimensions

4206332—15/A0 01/16

NOTE: A. All linear dimensions are in millimeters

A Exposed tie strap features may not be present.

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PWP (R—PDSO—G20)

PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout
Via pattern and copper pad size
may vary depending on layout constraints

enhance thermal performance

12x1,3 — |<—1 8x0,65

B SSU 0 t TERARTARE
%5// GYRNNeY —1,55
10,3 7 }
5,6 o © 2,4 3,4 5,6 (See Note E) Y| 2,4
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22222272272 37
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| = 37 (soe et €2 0) 18x0,65— =—
le—— 65 ——
',/ Example
| Non Soldermask Defined Pad
[T TN Example

\
N,

/4'/ ——f |~—0,3 N (See Note F) Center Power Pad Solder Stencil Opening
// A / Stencil Thickness X Y
f i 0.1mm 3.9 2.7
‘ ! :\ 0.127mm 3.7 24
\‘ 16— | e ,l Pad Geometry 0.152mm 3.5 2.2
W 0.07 J 0.178mm 33 X

.. All Arou ng/’

~.
S~ —

S—————-

Solder Mask Opening

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).
Reference table below for other

Increasing copper area will solder stencil thicknesses

(See Note D)

20x0,25

4207609-8/W 09/15

NOTES: All linear dimensions are in millimeters.

oow>

This drawing is subject to change without notice.
Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
This package is designed to be soldered to a thermal pad on the board.

Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAOO2, SLMAOO4, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

These documents are available at

www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for dlternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

Customers should
Example stencil design based on a 50% volumetric

metal load solder paste. Refer to IPC-7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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