User’s Guide

TPS92519-Q1 Evaluation Module User's Guide

Wip TEXAS INSTRUMENTS

ABSTRACT

This user's guide describes the characteristics, operation, and use of the TPS92519-Q1 dual 2-A synchronous
high current buck LED driver evaluation module (EVM). A complete schematic diagram, printed-circuit board
layouts, and bill of materials are included in this document.

Table of Contents

T INEFOAUCHION. ...ttt h et e e h e et e e h e e et e e s b et e bt e sh bt e e be e s as e e sb e e e ateesbe e et e e sae e e beeeaneenee s 3
2 Warnings @nd CAULIONS...........couiiiiiii ettt e ettt eh e e e oe b et e e bt e e e bttt e 1a bt e e e ee e e e eate e e smbeeeenbe e e saneeeabeee s 3
B3 B =Ty o o o o RS OPPRTRPN 4
G T I Y o1 (o= 1IN o] o] [ 7= 1 1o ] < SO SSTURTRI 4
BL2 FBAMUIES. ...ttt ettt b e et e b et h e e e e E e e et eh e e E e e ehe e bt e e he e e b e e san e e be e sea e e te e s e e steeene et 4
3.3 Connector and Test POINt DESCIIPION. ...ttt ettt b e e e bt e s bt e e e sbb e e e eabe e e sneeeesnneeesbeeennee 4
3.4 Electrical Performance SPeCifiCatiONS. ...........cii ittt 11
O =T STt F T o T RSP 12
4.1 Input Supplies and LED Load CONNECHIONS. ...........uiiiiiiiiiie ittt ettt st e e e e et e s neeas 12
4.2 SWitChiNG FreqQUENCY SEIECHION. ... ...oi ittt st e bt e e et e e sbe e e e sab e e e e nbe e e enbeeesebeeeabneennee 14
4.3 Analog DIMMING USING IADUX........uiiiiieiiiiiiiiee et ee e e ettt e e e e ettt e e e s e aateeeeeesatteeeaesaassaaeeaesaasssaeeeessanssaseeesaansssaeaesannnseneens 14
4.4 PWM Dimming Using UDIMx and PWM TSt POINTS..........coiiiiiiiiiiiei e ettt e et e e e e st e e e e e s snsbeeeeeeennnneeeaeas 15
5 Performance Data and Typical Characteristic CUIVES..............occiiiiiiiiiiiie e 17
LT I T T=T o oYU 17
5.2 ANAIOG DIMIMUNG...ceiiiiiitiiie ettt ee et e e e e ettt e e e e e aeteeeeee s ataeeeaesassaeeeaeaassseeeeee s nsseeeaesasssaeeaeeasnssaeeeeesansseseaeseanssseeeeeeannse 17
5.3 PWIM DiMIMING...ttiiiitiiiiteeieie it e e ettt e e e e ettt e e e e e st be et e e e sastaeeeeeaaasseseeaeaaassteeeaee s st saeeeeeasssseeeeeaanssaeeeeesansseeeeesasssseaaeeansnsaneens 18
5.4 PWM DimmiNgG WaVEOIMS. ......ooiiiiiiiiii ettt ettt e e e ettt e e e et a et e e e e asateeeeeesnsaeeeeesassseeeaeaassseeeeeeannsaneeeesannsnneas 18
B SCREMALIC.........oie ettt h et h e bt e b e e et h e e e e e Rt e e e e e b e e et e e ae e e b e e sreere e 22
7 TPS92519EVIM-169 PCB LaYOUL........cc.oiiiiiiiiiiieiit ettt e et e st e st e et e e st e e ateesteeenseessee e teeaneeenbeesnteeneesnneenseeanbeeas 24
B BIll OFf MALEIIAIS. ........oooiiiiiii et e e et e e e e et e e e e e s atbe e e e e e e ssaaeeeeeaasssaeeeeesansaeeeeeesanssseeeesansnseeeeeeannseen 26
O REVISION HISTONY ... ..ottt e e e e et et e e e e e abe et e e e s s taeeeee e e sssseeeeaeassbaeeeeesnssaeeeesaanssaeeeeeannsnneens 27

List of Figures

Figure 3-1. TPS9519EVM-169 Top View — EVM Functions and Features. ..ot 5
Figure 3-2. TPS9519EVM-169 Bottom View — EVM Functions and Features.............coocviiiiiiiiiiiiiiic e 5
Figure 3-3. TPS9259EVM-169 Connector Numbers and LOCAtIONS. .........c.coiiiiiiiiiiiiiiic e 6
Figure 3-4. TPS9259EVM-169 Test point NUmMbers and LOCAtIONS. ..........oiiiiiiiiiiiiiiii e 7
Figure 4-1. TPS92519EVM-169 TyPiCal TEST SEIUP....ceiitiiiiiiiiiiiie ettt e e st e e e 12
Figure 4-2. V5D, VINX @and LEDX CONNECLONS. ........uiiiiiiiiiiiiieeiiiiit e e e ettt e e e e sttt ee e e e sstaeeeeesasaeeeeaeeansbeeeaeeanteaeaaesaannseeeaeeannnnes 13
Figure 4-3. FSET ReSISTOrs @nd CIrCUIL........oiiuiiiiiiiiiiiit ettt bttt st et e e ettt e s b e e aab e e naneeesneeeeas 14
Figure 4-4. Channel 11ADJ UsSiNg EXIErNal SUPPIY.......ooiiiiiiiiiie ettt 14
Figure 4-5. Channel 2 IADJ UsSing EXtErNal SUPPIY......coo ittt 14
Figure 4-6. Setting IADJx Using ONn-Board ReSIStOr DIVIAET............oiiiiiiiiiii et 15
Figure 4-7. 1ADJ USING RESISION DIVIAET ........oiuiiiiitiie ettt b ettt s bt e bt e e e et e e s b e e e e st e e naneeesneeeeas 15
Figure 4-8. PWM Dimming Using PWM1 @nd PWM2..........uii ettt 16
Figure 4-9. PWM Dimming Using UDIM1 @nd UDIM2...........c.ooi ittt sttt 16
Figure 5-1. Efficiency VS. OULPUL CUITENT. ..ottt s e et e et e a e e s b et e et e e e naneeesneee s 17
Figure 5-2. Output Current vs IADJ Voltage 48-V INPut, 2 LEDS........ccuoiiiiiiiiii e 17
Figure 5-3. Output Current vs. PWM Duty Cycle (250 Hz) 48-V Input, 2 LEDS.........ccoiiiiiiiiiiieee e 18
Figure 5-4. 1% Duty Cycle 250-Hz PWM Dimming Top = Vgw, Middle = Vpyu, Bottom = LED Current, Input Voltage =

YA T I 1O PRPRP 18
Figure 5-5. 50% Duty Cycle, 250-Hz PWM Dimming Top = Vg, Middle = Vpy\, Bottom = LED Current, Input Voltage =

YA T I LR 19
SLUUCI5A — JULY 2021 — REVISED NOVEMBER 2021 TPS92519-Q1 Evaluation Module User's Guide 1

Submit Document Feedback
Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLUUCI5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUUCI5A&partnum=TPS92519-Q1

13 TEXAS
INSTRUMENTS
Trademarks www.ti.com

Figure 5-6. 99% Duty Cycle, 250-Hz PWM Dimming Top = Vs, Middle = Vpyy, Bottom = LED Current, Input Voltage =

Y I I 1 SR 19
Figure 5-7. 1% Duty Cycle, 250-Hz PWM Dimming Top = Vgw, Middle = Vpy\, Bottom = LED Current, Input Voltage =

G I I S SRRPR 20
Figure 5-8. 50% Duty Cycle, 250-Hz PWM Dimming Top = Vs, Middle = Vpyy, Bottom = LED Current, Input Voltage =

T I I PSR 20
Figure 5-9. 99% Duty Cycle, 250-Hz PWM Dimming Top = Vs, Middle = Vpyy, Bottom = LED Current, Input Voltage =

YA I I 1P 21
Figure 6-1. TPS92519EVM-169 SChematiC PAge T.........uviiiiiiiiiiiie ettt e e e e e e e e e e e e e e e e e e sntae e e e e e ennnees 22
Figure 6-2. TPS92519EVM-169 SChemMatiC PAQE 2..........uoiiiiiiiiiiiie ettt e e e e e e e e e e e e e e e e e e sntaaeee e s ennnnes 23
Figure 7-1. Top Layer and TOp OVErIay (TOP VIBW)......ceeiuiiiiiiieiitiie ettt ettt ettt et e et e e s at e e snb e e ete e e snte e e smbeeeenneeeenees 24
(o [ I ] o | o = T = =T i PR OUPPPRP 24
FIQUIE 7-3. SIGNAI LAYET 2.... . ceeeeiiei ettt e e ettt e e e e et e e e e e e e abeaeeeeeaassseeeee e s staeseeeeaasasseeaeeaasssaeeeeesanssaseeesesnnsseeaeaans 25
Figure 7-4. Bottom Layer and Bottom Overlay (BOtOM VIEW)...........iiiiiiiiiii et 25

List of Tables

o) ST B IR 7 o] o1 1= Tox (o = PSP PUPPPRPNt 6
L o) ST S i 1] o | T PP RSRTRP 7
Table 3-3. TPS92519EVM Performance SPeCIfiCatiONS. .........co..iiiiiiiiiie et e e e e e e e e e nnnreeeas 11
Table 8-1. TPS92519EVM-169 Bill Of MAtErials. ...........ccciiuiiiiiiii ittt ettt e et e e st e e e et e e e etaeeeeaeeaesnbeeeanes 26
Trademarks

All trademarks are the property of their respective owners.

2 TPS92519-Q1 Evaluation Module User's Guide SLUUCI5A — JULY 2021 — REVISED NOVEMBER 2021
Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLUUCI5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUUCI5A&partnum=TPS92519-Q1

13 TEXAS
INSTRUMENTS

www.ti.com Introduction

1 Introduction

The TPS92519EVM-169 evaluation module (EVM) helps designers evaluate the operation and performance of
the TPS92519-Q1 buck switching regulator designed for high-current LED drive applications. The TPS92519-Q1
is designed to control two drivers of high-brightness light-emitting diodes (LED) and features a wide input voltage
range (5.5 V to 65 V), PWM dimming capability, analog dimming capability, and input undervoltage protection.

2 Warnings and Cautions
Observe the following precautions when using the TPS92519EVM-169.

CAUTION

Caution! Do not leave EVM powered when unattended.

HOT SURFACE:

Caution Hot Surface! Contact may cause burns. Do not touch. Please take the proper
precautions when operating.

HIGH VOLTAGE:

Danger High Voltage! Electric shock possible when connecting board to live wire. Board must
be handled with care by a professional. For safety, use of isolated test equipment with

overvoltage and overcurrent protection is highly recommended.

WARNING

When choosing your LED component (not included with this EVM), the end user must
consult the LED data sheet supplied by the LED manufacturer to identify the EN62471 Risk Group
Rating and review any potential eye hazards associated with the LED chosen. Always consider and
implement the use of effective light filtering and darkening protective eye wear and be fully aware
of surrounding laboratory-type set-ups when viewing intense light sources that can be required to
minimize or eliminate such risks in order to avoid accidents related to temporary blindness.
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3 Description

This user's guide describes the specifications, board connection descriptions, characteristics, operation, and
use of the TPS92519-Q1, dual 2.0-A synchronous buck LED driver evaluation module (TPS92519EVM-169).
The TPS92519-Q1 device implements an adaptive on-time average current mode control and is designed to be
compatible with shunt FET dimming techniques and LED matrix manager-based dynamic beam headlamps. The
adaptive on-time control provides near constant switching frequency that can be set to 385/435 kHz or 2/2.1
MHz. Inductor current sensing and closed-loop feedback enables better than 4% accuracy over wide input

voltage, output voltage and ambient temperature range.

TPS92519EVM-169 provides a high-brightness LED driver that is designed to operate with an input voltage in
the range of 5.5 V to 65 V. The EVM is set up for a default output current of 2 A for an LED stack between
approximately 3 V and nearly 60 V operating at 385/435 kHz. The TPS92519-Q1 helps provide high efficiency,
fast PWM dimming, and accurate wide-range analog dimming.

3.1 Typical Applications

This converter design describes an application of the TPS92519-Q1 as an LED driver with the specifications
listed in Table 3-3. For applications with a different input voltage range or different output voltage range, refer to
the TPS92519-Q1 4.5-V to 65-V Dual 2-A Synchronous Buck LED Driver Data Sheet.

3.2 Features

o AEC-Q100 qualified for automotive applications
- Grade 1: —40°C to 125°C ambient operating temperature
- Device HBM classification level H1C
- Device CDM classification level C2

e Up to 2-A output current with 4% accuracy

e AEC-Q100 qualified for automotive applications
- Grade 1: —40°C to 125°C ambient operating temperature
- Device HBM classification level H1C

- Device CDM classification level C2
e Up to 2-A output current with 4% accuracy

e Cycle-by-cycle switch overcurrent protection
e Nominal switching frequency
- 385-kHz / 435-kHz for channel 1 and channel 2

- 2-MHz / 2.1MHz for channel 1 and channel 2

3.3 Connector and Test Point Description

e 4.5-V to 65-V wide input voltage range

e Adaptive on-time average current control

e LED open and short fault monitoring and reporting
e Switch thermal protection

e Functional Safety-Capable

e 4.5-V to 65-V wide input voltage range

e Adaptive on-time average current control

e LED open and short fault monitoring and reporting
e Switch thermal protection

e Functional Safety-Capable - Documentation available to aid
functional safety system design

e Advanced dimming operation
- Precision analog dimming
- Supports external PWM dimming input

- Optimized for external shunt dimming including LED Matrix
Manager

This section describes the connectors and test points on the EVM and how to properly connect, setup, and use

the TPS92519EVM-169.
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Figure 3-2. TPS9519EVM-169 Bottom View — EVM Functions and Features
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This section describes the connectors, names, and descriptions.
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Figure 3-3. TPS9259EVM-169 Connector Numbers and Locations

Table 3-1. Connectors

Connector Description

This connector is used in conjunction with a shunt to disable channel 1. Note this connector is designed to be used

J1 when R5 is loaded to create a resistor divider with V5D. If an external supply is used to provide the voltage to IADJ pin,
then the shunt shorts the supply when inserted.
This connector is used in conjunction with a shunt to disable channel 2. Note this connector is designed to be used

J2 when R1 is loaded to create a resistor divider with V5D. If an external supply is used to provide the voltage to IADJ pin,
then the shunt shorts the supply when inserted.

J3 This connector allows for creating a connector that mates to J3, where pin 1 is LED2+, pin 2 is GND, and pin 3 is VIN2.

J4 This connector allows for creating a connector that mates to J4, where pin 1 is VIN1, pin 2 is GND, and pin 3 is LED1+.

J5 J5 is used in conjunction with a shunt to disable both channels and the device is put into sleep mode.
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This section describes the test points, names, and descriptions.
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Figure 3-4. TPS9259EVM-169 Test point Numbers and Locations

Table 3-2. Test Points

Test Point Description
GND (TP11,
TP18, TP19, ; i i
TP20. TP21. Larger metal turrets and test points allow for multiple connection to grounds across the board.
TP22, TP24)
The VIN1 test point allows for voltage and current measurement of the power applied to the VIN1 pin of the TPS92519-
VIN1 (TP14) Q1. R20 is by default loaded and connects VIN1 to VIN2 and must be removed if is desired to connect VIN1 and VIN2
separately.
The VIN2 test point allows for voltage and current measurement of the power applied to the VIN2 pin of the TPS92519-
VIN2 (TP6) Q1. R20 is by default loaded and connects VIN1 to VIN2 and must be removed if is desired to connect VIN1 and VIN2
seperately.
5V (TP7) The 5-V test point is for external 5-V supply to power both V5D and V5A when R10 is loaded.
VLED1+ (TP23) The VLI_ED1 test point allows for connection of the LED loads to channel-1 output. Large turrets allow for multiple
connections.
VLED2+ (TP1) The VLI_ED2 test point allows for connection of the LED loads to channel-2 output. Large turrets allow for multiple
connections.
SW1 (TP13) The SW1 test point allows for observing the switch node for channel 1 during operation with an oscilloscope.
SW2 (TP3) The SW2 test point allows for observing the switch node for channel 2 during operation with an oscilloscope.

SLUUCI5A — JULY 2021

— REVISED NOVEMBER 2021 TPS92519-Q1 Evaluation Module User's Guide 7

Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLUUCI5
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUUCI5A&partnum=TPS92519-Q1

13 TEXAS

INSTRUMENTS
Description www.ti.com
Table 3-2. Test Points (continued)
Test Point Description
V5D test point connects directly to the V5D digital pin of the TPS92519-Q1. The test point can be used to monitor the
voltage or used to supply the power directly to the V5D pin. Note if doing current measurements R10 connects 5VD rail
to VBA, which consumes power but can be separated by removing R10 and supplying V5A externally.
GND
EP
5VD (TP9
(TP9) V5A
V5D
GND
V5A test point connects directly to V5A pin of the TPS92519-Q1. This can be used to monitor the voltage or current
V5A (TP8) used to supply the power directly to V5A pin assuming R10 has been removed and is applied externally. By default V5D

and V5A are shorted together using R10 and the supply is provided by the 5V supply.

UDIM1 (TP17)

UDIM1 test point allows for the direct connection of the UDIM1 pin of the TPS92519-Q1 for PWM dimming of channel
1. Note that when UDIM1 is below 1.02 V falling the channel is disabled. Read the External PWM Dimming and Input
Undervoltage Lockout (UVLO) section in the TPS925719-Q1 4.5-V to 65-V Dual 2-A Synchronous Buck LED Driver Data
Sheet for additional information.

1 —_=Cio /Lo

- ™14 = argf L arfro | o
= ?wm GND
] S VIN1 Ri2 11 |-
- 0 @ ce =3 0 5
mEEm = -L1oov-T-1oov vt
L1 N VLED+ 80VDC MAX leos | 2.2uFT2.2uF .
O B R ='n ILED 2.0ADC MAX 2340k 2 panD
o o VIN 60VDC MAX L PGND
1= = UDMI1
P . GND ?TPW
- - ° g : - LD L2f upim1
0o O ° 23.2k
® © |
& 7] = c20 COMP1 16
Ris(E GND T000pF |c127 COUES
ol 2200pF
N D2 = TPS92519QD
100v | ohp
——c11
100V
1F___ LEDI

o
TP23
LED1+

UDIM2 test point allows for the direct connection of the UDIM2 pin of the TPS92519-Q1 for PWM dimming of channel
2. Note that when UDIM2 is below 1.02 V falling the channel is disabled. Read the External PWM Dimming and Input
Undervoltage Lockout (UVLO) section in the TPS92519-Q1 4.5-V to 65-V Dual 2-A Synchronous Buck LED Driver Data
Sheet for additional information.

LED2+

P1
]
LED2
Lo
100V
1uF
DIM2 (TP2
U ( ) VLED+ 60VDC MAX Lo %2‘_‘“—
D 2 s 1000pF ||_C17 vz 100V 2200pF 1 compa
1 | T =
— g —p4 ::ﬂ( GND_ubiM2 2 \nis
P =
=" . 1 em s
@E R2 ) lcz =C3
340k 100V
r‘%c’ ViNg T 2% | oo | Re 2 VNG
=g b 5
[ e VEA 33| GNP
ven = TR A c EP
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Table 3-2. Test Points (continued)
Test Point Description

ubIML

A\

M-169 PSIL169A-

These are the test points used to perform external PWM dimming for channel 1. UDIM1 is inverted from PWM1.

PWM1 (TP16) GE  CAUTION HOT SURFACE

UDIM1
PWMA1
TTP16 ©
*
CH1_PWM 1 [——La1
FL“@ | |;_}DMN62DOU—7
1
- R213
: 100k 3 «
GND

i3 TExas

PWM2 (TP15)

INSTRUMENTS

= UDIM2
PWM2
punz@ TTP15 -
- CH2 PWM o 1 =1
= 17 ¥ bmNe2D0U-7
=
$R22
3100k o~
GND

The FLT1 test point can be used to monitor if a fault has occurrence in the TPS92519-Q1 on channel 1. When a fault
FLT1 (TP12) occurs, FLT1 voltage level goes low. Read Faults and Diagnostics section of the TPS925719-Q1 4.5-V to 65-V Dual 2-A
Synchronous Buck LED Driver Data Sheet to determine which faults trigger the FLTx indication.

The FLT2 test point can be used to monitor if a fault has occurrence in the TPS92519-Q1 on channel 2. When a fault
FLT2 (TP5) occurs, FLT2 voltage level goes low. Read Faults and Diagnostics section of the TPS925719-Q1 4.5-V to 65-V Dual 2-A
Synchronous Buck LED Driver Data Sheet to determine which faults trigger the FLTx indication.

o

IADJ1 (TP10)

The TPS92519's LED current are controlled by applying a voltage to the IADJ1 test point. J1 can be used to disable the
output by shorting the IADJ1 pin to ground. 140 mV to 2.45 V for VIADJ gives 122 mA to 2134 mA of output current. If
using an external supply to IADJ1 pin then do not short the supply by loading J1.

GND —

1ADIL

P12

POWER SUPPLY v |22t Fi0 gl
21 TP1, R1 4.75k 5V
0-2.50V il e N

________ o T T

.
25V 68H

—‘ ; Y copyf 18 cstp 2
i ! R13
% 0,082 Rol  ==cte T
contf17_cstN 302 [rooopr

IADJ2 (TP4)

The TPS92519's LED current is controlled by applying a voltage to the IADJ2 test point. J2 can be used to disable the
output by shorting the IADJ2 pin to ground. 140 mV to 2.45 V for VIADJ gives 122 mA to 2134 mA of output current. If
using an external supply to IADJ2 pin then do not short the supply by loading J2.

GND '—

POWER SUPPLY

0-2.50
- . J2
32 CS2 N 2

csNz

1
. 9 R7
_. 0.082 R13 ==C18
{ 3 Cspa|3Lcs2 P 39.2k [1000pF
_’ 3 ; 8sT2

30
L2
C4  68yH < Sw2

TP5

27 nFLT2 o

--------- = 20 WF Py =
sw2 4
v ey 25V sw2 ? l R6 , 475k J GND

72

26 1ADJ2

1AD32
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Table 3-2. Test Points (continued)
Test Point Description
The EN test point is connected to the TPS92519 to either enable or disable the device. By default, the test point is
turned on. A jumper can be applied to J5 to disable the part or the EN test point can be pulled low to disable the device.
EN (TP28)
J5
|
L J
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3.4 Electrical Performance Specifications
Table 3-3 lists the EVM electrical performance specifications.
Table 3-3. TPS92519EVM Performance Specifications

Parameter ‘ Description ‘ Min ‘ Typ ‘ Max ‘ Units

Input Characteristics

This assumes UDIM is attached to V5D or any voltage above Vypwxpo) rising
Voltage, V| maximum of 2.52 V. The TPS92519EVM-169 has UVLO of 40-V rising and 4.5 50 60 \Y

20-V falling.
Maximum Input 45 A
Current, Iy
Output Characteristics
Output Voltage, |Maximum voltage configured by the output voltage divider and programmable

VN 60 \Y

Vout by the SPI
Maximum Output Total output current per channel 2.0 A
Current, loyt
Maximum Output
Power, Pour Total output power 120 w
Systems Characteristics

VFSET > 1.8V, Channel 1 384

kHz

SWItChlng VFSET > 1.8V, Channel 2 435
frequency Veser < 0.8V, Channel 1 2.04 MHz

VeseT < 0.8V, Channe1 2 214
Peak efficiency 96 %
Operating NOTE: Max temperature range is based on total power dissipation. -40 25 125 °C
temperature
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4 Test Setup
The TPS92519EVM-169 can be connected a variety of different ways. Figure 4-1 shows a typical test setup.

POWER SUPPLY

x

A 7 z ; FUNCTION GENERATOR
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& = ® ©) INSTRUMENTS @ : ) mea
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A @g e . f
1 X N o A 5 POWER SUPPLY
e W
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Tiz Rz L .

————————————  5ADC =, « L2 g
et | IE R 2 ® )\

POWER SUPPLY @S 28 o au si2 = @

= - A
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./ or2.2 MHz o[ ‘Heie
@ .— @§ — 1) @[LPD ilras 0-2.50V

VIN 65VDC MAX
1IN 2.5ADC MAX _‘ / @
———————————— 1 i }

- e =

0 S

[ =
t'rat.]
[ a1}
m
S
o
I}
s
m
o
wv
c
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o
>

|

|

|

: 5! GND =

: ~V e TR DANGER HIGH UOLTAGE CAUTION HOT SURFACE

: © ILED 2ADC MAX f f FUNCTION GENERATOR

: 5![ 9 Ef C ) [ v —. J—|_|—|— )i FReQ

. S ‘wmm  TPS92519EVM-169 PSIL169A- ) { ouvovae
|

|

= GND

Figure 4-1. TPS92519EVM-169 Typical Test Setup

4.1 Input Supplies and LED Load Connections

The default configuration for this EVM is that both VIN1 and VIN2 are shorted together by R20. This
configuration allows for a simpler connection. However, if two separate supplies are desired, then R20 must
be removed and individual supplies must be connected either by the VIN1 (TP14) and VIN2 (TP6) turrets or
through J3 and J4 connectors.

The LEDs are to be connected, as show in Figure 4-2, where the anode of the LEDs are to be connected to
LED1+ and LED2+ test points or through J3 or J4.

V5D and V5A are tied together through R10. An external 5-V supply must be attached to the 5-V test point (TP7)
to supply the TPS92519.
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POWER SUPPLY

50V

VLED+ 60VDC MAX GND
ILED 2ADC MAX

— e e e —— o —— — — — ——

Fsw = 440 kHz I'
or 2.2 MHz

@g

""" VIN B5VDC MAX EI
IN25ADC MAX — en
—e—— e — e ——— ————— 1

' |
' |
|

|
| &
| | (o) @
. | _/
|« | VLED+ 60VDC MAX CANGER HIGH L
| I ILED 2ADC MAX
|

| 7
|« I :
|

| |
| & |
| & | — GND
' |
' |

Figure 4-2. V5D, VINx and LEDx Connections
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4.2 Switching Frequency Selection

The TPS92519EVM-169 is by default setup for 384 kHz for channel 1 and 438 kHz for channel 2. If 2/2.1-MHz
operation is desired, then both the inductors (L1 and L2) must be changed to 10 uH and FSET must be pulled to
ground by removing R14 and inserting R19.

32 LOZ IN

< Py
csN2 e 5V
<R7
20082
copa| 3L CS2 P fie
BsT2 22 100k
| L2
C4  68uH sw2
29 1uF P3
sw2
w28 25V sw2 R6 , ,,4.75k sy
| PS5 DNP
FO73 p—2l—nFLT2 ® @FLT2
TP4
1AD32 |28 —1ADJ2 @ 1ADJ2 L
FSET 22 FSET GND

Figure 4-3. FSET Resistors and Circuit

4.3 Analog Dimming Using IADJx

Analog Dimming for each channel is controlled by IADJ1 (TP10) and IADJ2 (TP4) test points or by using the
resistor divider attached to 5 V. The voltage on the IADJx pin sets the regulated LED current by the following
equation.

ViaDux
lLlepx = —————
14 x RCSx (1)

By default, Rpgoy is not loaded and therefore needs an external power supply to set the V|apyx setpoint. J1 and
J2 are not loaded by default.

23 IADJ1

' P10
1ADJ1 —@ IADJ1

POWER SUPPLY oy R

:
SW1 @FLT1

21 TP1. R11,,4.75k 5V

Swi1 5V

[0-2.50V || Sifage 77

.

C10

......... BST1 L 1o T we

L1
25V 68H

. 7 \ Copi| 18 Cs1P
H ! R13
i 0.082
ceni b1z Cs1N

GND —

Figure 4-4. Channel 11ADJ Using External Supply

5V
POWER SUPPLY T

32 CS2 N

CSN2

R7

‘ & 0,082
; v copy| 2L Cs2P

4 d 30
Y $ BST2
, K — 1 L2
_‘ C4  68uH sw2
......... 2 1F Tps?

owz =22 25V _sw2 R6 ,,,4.75k ]

PS5

GND = FL72 |2L—DELl2 @FLT2
26 1ADS2

R18 C19
39.2k [1000pF

I
*G

=
[
=
J
By
o B
3
=y
=

™ A

TP4
@ IADJ2

1ADI2

Figure 4-5. Channel 2 IADJ Using External Supply

There is a placeholder for resistor divider and Rggoy has to be calculated for the desired I gpy. See Figure 4-6 for
the circuit diagram and equation. R1 controls the voltage for IADJ2 and R5 controls the voltage for IAdJ1. See
Figure 4-7.
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Valley Current N
Control Current Sense Amplifier N
o~ AN
® ~
+ A 3
. [ LCOMPx —
L
[ Vironte) Division by 14 I

V-1 Converter
Viapux

T

0.14 V to 2.45 v L
Regix

5V
% Rraax
[~ ]IADJx %

140k

V|ADJX 5V RFB1X
= X
14X Resx 14X Resx  Repix + Resax

Figure 4-6. Setting IADJx Using On-Board Resistor Divider

lLepx =

R18 c19
39.2k [1000pF

= [ dswy

-0
Yy

P4
—@ IADJ2

MaE
614 #1714

TP10
—@ IADJ1

5V

Figure 4-7. IADJ Using Resistor Divider

4.4 PWM Dimming Using UDIMx and PWM Test Points

PWM dimming can be achieved by either using the PWM1 and PWM2 test points or by the UDIM1 and UDIM2
test points. UDIM have resistor dividers that setup the UVLO from VIN (Figure 4-8). The voltage is low enough
that you can connect the function generator directly. If UDIM was pulled to VIN by a resistor then the PWM test
points should be used (Figure 4-9). The PWMx signal inverts the signal to UDIMXx.
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Figure 4-9. PWM Dimming Using UDIM1 and UDIM2
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5 Performance Data and Typical Characteristic Curves
Figure 5-1 through Figure 5-9 present typical performance curves for TPS92519EVM-169.

5.1 Efficiency

100%
a5y
]
a0% | —
857 e
o oe0%
ks
=
£ 15% /
0%
65
— 3 LED
— G LED
B0°% — B LED
—— 12 LED
55
0 0.z 0.4 0.5 0.3 1 1.2 1.4 16 1.3 z 2.1
LED Curmert ()
Wi = 50 %, fan = 440 kHz
Figure 5-1. Efficiency vs. Output Current
5.2 Analog Dimming
24
2.1 /
1.8 //
~ /
2 15 /
z
£ 12 /
(@] /
[m)] /
w
009
/ f
06 / v
03 /,
0
0 03 06 09 12 15 18 21 24 27
IADJ Pin Voltage (V)
Figure 5-2. Output Current vs IADJ Voltage 48-V Input, 2 LEDs
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5.3 PWM Dimming

0.9

0.8

0.7

0.6

0.5

0.4

Average LED Current (A)

0.3

0.2

0.1

0

0 10 20 30 40 50 60 70 80 90 100
PWM Duty Cycle (%)

Figure 5-3. Output Current vs. PWM Duty Cycle (250 Hz) 48-V Input, 2 LEDs
5.4 PWM Dimming Waveforms

L I — e ——
.SWl ......

24

B

20.0 Y 10.0ps 2.5065/s 7 14 Tun 2021
@ 1008 & 10M points 2.70 ¥ 10:31:00

Figure 5-4. 1% Duty Cycle 250-Hz PWM Dimming Top = Vg, Middle = Vpyyn, Bottom = LED Current, Input
Voltage =48 V, 2 LEDs
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TeksStop [

B[S\ 1 [
DUDIMl- - e 2 S ...... R e et e (VU
E)iLEDl gl — — S ...... .. gl . - .

@& 200V 800ps 1.25GS/s S 14 Jun 2021
€ 1004 By 10M points 270V 10:31:34

Figure 5-5. 50% Duty Cycle, 250-Hz PWM Dimming Top = Vg, Middle = Vp\yy, Bottom = LED Current,
Input Voltage =48 V, 2 LEDs
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€ 1004 By 10M points 270V 10:31:51

Figure 5-6. 99% Duty Cycle, 250-Hz PWM Dimming Top = Vg, Middle = Vpyy, Bottom = LED Current,
Input Voltage =14V, 2 LEDs
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Figure 5-7. 1% Duty Cycle, 250-Hz PWM Dimming Top = Vs, Middle = Vpyyu, Bottom = LED Current, Input
Voltage =48 V, 4 LEDs
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Figure 5-8. 50% Duty Cycle, 250-Hz PWM Dimming Top = Vg, Middle = Vpyy, Bottom = LED Current,
Input Voltage = 48 V, 4 LEDs
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Figure 5-9. 99% Duty Cycle, 250-Hz PWM Dimming Top = Vg, Middle = Vp\yy, Bottom = LED Current,
Input Voltage =48 V, 4 LEDs
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6 Schematic

Figure 6-1 illustrates the EVM schematic.
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Figure 6-1. TPS92519EVM-169 Schematic Page 1
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H9-can be cut to make 20 units.Cut Sil-Pad to fit heat sink. Use SPK10-0.006-AC-11.512
dimensions shown in the PCB, can be
slightly oversized. Sil-Pad fits between the PCB (bottom side) and the
Heat sink.The heat sink is bolted to the PCB with H1, H2, H5, H6, H3,
H4, H7,and H8. Screws are placed through the board from the top side.
DNP DNP DNP
PCB PCB PCB
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CAUTION HOT SURFACE DANGER HIGH VOLTAGE
Figure 6-2. TPS92519EVM-169 Schematic Page 2
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7 TPS92519EVM-169 PCB Layout

Figure 7-1, Figure 7-2, Figure 7-3, and Figure 7-4 show the design of the TPS92519EVM-169 printed circuit
board.

i3 TEXAS .

x i INSTRUMENTS
VLEB+ 60V MAX 50a ¢
ILED 2ADC MAX

@

) Y HIGH UOLTAGE
VLED+ 80YDC MAX
ILED 2ADC MAX

@EA

TPS92519EVM-169 PSIL169A-

Figure 7-2. Signal Layer 1
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Figure 7-4. Bottom Layer and Bottom Overlay (Bottom View)
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8 Bill of Materials

Table 8-1 contains the TPS92519EVM-169 components list according to the schematic shown in Figure 6-1.

Table 8-1. TPS92519EVM-169 Bill of Materials

0603

Reference Designator QTY Value Description Size Part Number MFR
CAP, CERM, 2200 pF, 50 V, +/- 5%, COG/NPO, MuRata
C1,C12 2 2200 pF 0603 GRM1885C1H222JA01D
0603
CAP, CERM, 2.2 uF, 100 V, +/- 20%, X7S, AEC- TDK
C2,C3,C8,Co 4 2.2uF 1206 CGA5L3X7S2A225M160AB
Q200 Grade 1, 1206_190
CAP, CERM, 1 pF, 25 V,+/- 10%, X7R, AEC- TDK
C4,C10 2 1uF 0603 CGA3E1X7R1E105K080AC
Q200 Grade 1, 0603
CAP, CERM, 4.7 uF, 16 V,+/- 10%, X7R, AEC- TDK
C5,C16 2 4.7 uF 0805 CGA4J3X7R1C475K125AE
Q200 Grade 1, 0805
CAP, CERM, 1 uF, 100 V, +/- 10%, X7R, AEC- TDK
Ce, C11 2 1uF 1210 CGABM2X7R2A105K200AA
Q200 Grade 1, 1210
CAP, CERM, 0.1 uF, 100 V, +/- 10%, X7S, AEC- TDK
Cc7 1 0.1 uF 0603 CGA3E3X7S2A104K080AB
Q200 Grade 1, 0603
CAP, CERM, 1000 pF, 50 V, +/- 10%, COG/NPO, AVX
C17,C18, C19, C20 4 1000 pF 0603 06035A102KAT2A
0603
Diode, Switching, 100 V, 0.25 A, AEC-Q101, Vishay-
D1, D2 2 100V SOD-123 BAS16D-E3-08
SOD-123 Semiconductor
Micro Commercial
D3, D4 2 80V Diode, Schottky, 80 V, 0.5 A, SOD-123 SOD-123 MBRO0580-TP
Components
DC/DC Half Brick Wakefield
H1 1 HEATSINK DC/DC HALF BRICK VERT 528-45AB
Vertical Heat Sink Solutions
B&F Fastener
H10, H11, H14, H15 4 MACHINE SCREW PAN PHILLIPS 4-40 PMS 440 0038 PH
Supply
B&F Fastener
H12, H13, H16, H17 4 Stainless steel 4-40 nut HNSS440
Supply
Thermal Pad-this part number is enough BERGQUIST
H18 1 SPK10-0.006-AC-11.512
material make 20 units
J1,J2, J5 3 Header, 100mil, 2x1, Gold, TH 2x1 Header TSW-102-07-G-S Samtec
Header, 2.54mm, 3x1, Molex
J3, J4 2 Header, 2.54 mm, 3x1, Tin, TH 22-23-2031
TH
L1, L2 2 SMD Power Inductor STM_7MM5_7MMO SPM7054VT- 680M-D TDK
MOSFET, N-CH, 60 V, 0.38 A, AEC-Q101, Diodes Inc.
Q1,Q2 2 60V SOT-23 DMN62DO0U-7
SOT-23
RES, 576 k, 1%, 0.1 W, AEC-Q200 Grade 0, Vishay-Dale
R2, R15 2 576 k 0603 CRCWO0603576KFKEA
0603
RES, 23.2 k, 1%, 0.1 W, AEC-Q200 Grade 0, Vishay-Dale
R4, R17 2 23.2k 0603 CRCWO060323K2FKEA
0603
RES, 4.75 k, 1%, 0.1 W, AEC-Q200 Grade 0, Vishay-Dale
R6, R11 2 475k 0603 CRCWO06034K75FKEA
0603
RES, 0.082, 1%, .75 W, AEC-Q200 Grade 0, Susumu Co Ltd
R7,R13 2 0.082 1206 KRL1632E-M-R082-F-T5
1206
R8, R10, R12 3 0 RES, 0, 5%, 0.1 W, AEC-Q200 Grade 0, 0603 | 0603 CRCWO06030000Z0EA Vishay-Dale
RES, 39.2 k, 1%, 0.1 W, AEC-Q200 Grade 0, Vishay-Dale
R9, R18 2 39.2k 0603 CRCWO060339K2FKEA
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Table 8-1. TPS92519EVM-169 Bill of Materials (continued)

Reference Designator QTY Value Description Size Part Number MFR
RES, 100 k, 1%, 0.1 W, AEC-Q200 Grade 0, Vishay-Dale
R14, R21, R22, R35 4 100 k 0603 CRCWO0603100KFKEA
0603
R20 1 0 RES, 0, 1%, 0.5 W, AEC-Q200 Grade 0, 1210 1210 CRCW12100000Z0EA Vishay-Dale
SH-J1, SH-J2 2 Shunt, 100mil, Gold plated, Black SNT-100-BK-G Samtec
TP1, TP6, TP14, TP18, Keystone
6 Terminal, Turret, TH, Double Keystone1502-2 1502-2
TP19, TP23
TP2, TP3, TP8, TP9, Testpoint_Keystone_Mini Keystone
6 Test Point, Miniature, SMT 5015
TP13, TP17 ature
TP4, TP5, TP10, TP12, Keystone
7 Test Point, Multipurpose, Red, TH Multipurpose Testpoint 5010
TP15, TP16, TP28
Black Multipurpose Keystone
TP11, TP20 2 Test Point, Multipurpose, Black, TH 5011
Testpoint
Testpoint_Keystone_Co Keystone
TP21, TP22, TP24 3 Test Point, Compact, SMT 5016
mpact
4.5-V to 65-V Dual 2-A Synchronous Buck LED Texas Instruments
U1 1 TSSOP32 TPS92519QDAPQ1
Driver
Automotive 60V, 5-uA Ig, 100-mA, Low-Dropout Texas Instruments
U4 0 Voltage Regulator with Enable and Power Good, | DGN0008B TPS7A1601AQDGNRQ1
DGNO0008B (VSSOP-8)
RES, 100 k, 1%, 0.1 W, AEC-Q200 Grade 0, Vishay-Dale
R1, R5, R19 0 100 k 0603 CRCWO0603100KFKEA
0603
0y - i -
R3 0 3.4 Meg SGEOS?, 3.40 M, 1%, 0.1 W, AEC-Q200 Grade 0, 0603 CRCWO06033M40FKEA Vishay-Dale
R16 0 475k gsEosa 4.75k, 1%, 0.1 W, AEC-Q200 Grade 0, 0603 CRCWO6034K75FKEA Vishay-Dale
0 - i -
R23 0 1.07 Meg 5{5083 1.07 M, 1%, 0.1 W, AEC-Q200 Grade 0, 0603 CRCWO06031MO7FKEA Vishay-Dale
CAP, CERM, 4.7 pF, 16 V,+/- 10%, X7R, AEC- TDK
c21 0 4.7 uF Q200 Grade 1, 0805 0805 CGA4J3X7R1C475K125AE
CAP, CERM, 2.2 uF, 100 V, +/- 20%, X7S, AEC- TDK
Cc22 0 2.2uF Q200 Grade 1, 1206_190 1206 CGA5L3X7S2A225M160AB
CAP, CERM, 0.1 uF, 50 V, +/- 20%, X7R, AEC- TDK
Cc23 0 0.1 uF Q200 Grade 1, 0402 0402 CGA2B3X7R1H104M050BB
J6 0 Header, 100mil, 2x1, Gold, TH 2x1 Header TSW-102-07-G-S Samtec
TP7 0 Test Point, Multipurpose, Red, TH Multipurpose Testpoint 5010 Keystone
9 Revision History
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