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1 System Description
The TIDA-01348 is a CISPR 25 Class-5 rated 7.5-W tail-light reference design which features the
TPS92638-Q1 linear light-emitting diode (LED) driver powered by a synchronous buck converter
(LM53601) that is directly supplied from the automotive-battery voltage. This design applies to automotive
high-brightness lighting such as headlights and taillights and also interior LED lighting systems. This
design passes CISPR 25 Class-5 conducted emissions and radiated emissions without a CMCC filter and
also optimizes the solution efficiency.
1.1 Key System Specifications
% 1. Key System Specifications
PARAMETER COMMENTS SPECIFICATION
V,y minimum Minimum input voltage 9-V DC
V\y maximum Maximum input voltage 36-V DC
Vour puck Buck output voltage 7.7-V DC
Vour Leo LED output voltage 6 V (max)
lout Output current 1A
lLep LED drive current (per channel) 120 mA
fs J5 Buck switching frequency 2.1 MHz
Ipim 37 LED dimming 0 mA to 120 mA
2 System Overview
2.1 Block Diagram
Viep =6V
120 mA 120 mA 120 mA 120 mA
9Vto3ey | LMS3601-Q1 Vour=7.7V
Batter (Sync-buck > v v v v
y Converter)
TPS92638-Q1 e el el el
(LED Driver)
. . el el el e
PWM Dimming .
el el el el
TLC2274A-Q1 120 mA 120 mA 120 mA 120 mA
> P 4 P 4 P 4 P 4
TPS92638-Q1 e el el el
(LED Driver)
PWM Dimming - - - -
el el el el
Copyright © 2017, Texas Instruments Incorporated
K 1. TIDA-01348 Block Diagram
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System Overview

2.2

221

222

2.2.3

Highlighted Products

LM53601-Q1

AEC-Q100 qualified with —40°C to 125°C ambient operating temperature range
Wide operating input voltage: 3.55 V to 36 V (with transient to 42 V)

Spread spectrum option available

2.1-MHz fixed switching frequency

Low output voltage noise: 25 puVgys

Pin-selectable forced pulse-width modulation (PWM) mode

External frequency synchronization

Internal compensation

10-lead, 3-mm x 3-mm SON package with wettable flanks

TPS92638-Q1

AEC-Q100 qualified with —40°C to 125°C ambient operating temperature range
Eight-channel LED driver with analog and PWM

Four-bank PWM dimming to control eight channels

Open- and shorted-LED detection with deglitch

Single resistor for stop-current set point

Single resistor for tail-current set point

Package: 20-pin thermally enhanced PWP package (PDSO)

TLC2274A-Q1

AEC-Q100 qualified with —40°C to 125°C ambient operating temperature range
Output swing includes both supply rails

Low noise: 9 nV/\VHz typical at f = 1 kHz

Fully specified for both single-supply and split-supply operation
Common-mode input voltage range includes negative rail

High-gain bandwidth: 2.2 MHz typical

High slew rate: 3.6 V/us typical
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3 System Design
3.1 Buck Converter Design
The LM53601 is available in 3.3-V or 5.0-V fixed and adjustable versions, which can be programmed
using a resistor divider and feedback voltage. With a red LED, each maximum drop voltage is about 2.0 V.
A 1.5-V drop out between V,, and V; of LED driver is required to deliver 120 mA per channel.
When setting the output voltage of the LM53601 device at 7.7 V and Ry,, = 10 kQ, Ry, can be derived
using At 1.
V
Ry [M . 1J < Ryy = 67 kQ
VRer 1)
where,
* Vg is the reference voltage of LM53601 and is equal to 2 V.
In the buck converter, the ripple of the inductor enlarges with the input voltage rising. During a 7.7-Vgyr
condition, the minimum ON time has not been triggered. Setting the ripple at a 36-V, is an 80% ratio of
the output current, for which the inductance can be calculated using 2 = 2:
Vout _Buck
Vout_Buck * (1 BN
L, = IN_MAX ) 46 uH
0.4 x lOUT st 2
Choose L; = 4.7 uH.
K 2 shows a schematic of the DC-DC converter.
4 T4 LED B 2419 CISPR 25 5 25 7.5W A& L BN 2% it ZHCU223—May 2017
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Input EMI Filter

Minimize coupling to
to other nodes in this region

Keep Cin_hf immediately adjacent
1

to pins 8 and 10 of U1.
Do not interrupt ground plane
under this current loop.

VIN_fil VN
TP1 ? Vit Lfilt1 ? i " l
AN T .
4.7pH
_L _L ' cs ca —ch ,
i o ' 47H P5 P T —
GND_filt 0.1pF 1 ™ N
19
Rd1 = = == = L
4.99 GND GND G GND GND
GND TP7 P8 P9
SYNC RESET EN
VEN
Vreset
T
V§11nc

Remove Rsync

before tesing —————» Ifosoyknm

shut down current

in FPWM mode

GND

& 2. Buck Converter LM53601 Schematic

BOOT

Jmode
HTSW-103-07-G-S

L1
4.7 VouT
MPI4040R3-4R7-R TP3
vouT 7.7V@1A
VY YL T
Lo Lo o
108 22uF GND
—Lcm Rfb1
0.1uF 66.5k — = =
GND GND GND
GND GND Rfb2
10.0k
Vreset
Rreset
100k
vouT Open
||

SH-J2

Jreset
HTSW-103-07-G-S

JEN
HTSW-103-07-G-S

SH-J3

Copyright © 2017, Texas Instruments Incorporated

ZHCU223—-May 2017

TIDUCS9 — http://www-s.ti.com/sc/techlit/ TIDUCS9
AL © 2017, Texas Instruments Incorporated

& /HFF LED

W #4519 CISPR 25 5 26 7.5W #E Y F I ZH &l 5


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUCS9.pdf

13 TEXAS
INSTRUMENTS

System Design www.ti.com.cn
3.2 LED Driver Design

The TPS92638-Q1 is an eight-channel linear LED driver with PWM dimming control. Independent linear
current regulators control the eight LED output channels. Global external resistors set the current of each
channel. The device also features two current levels, which are intended for stop and tail applications.

The internal current reference, lzer, has two possible values depending on the state of the STOP input:
When STOP is low, REF, which is the current drawn from the REF pin, controls the output current. When
STOP is high, the sum of the currents drawn from the REFHI pin and REF pin controls the output current.

~3 3 and AR 4 calculate values for the current-setting resistors.

When STOP = low:

Vrer_Lep * G
lour TAL=—F5——

Rrer
Vrer Lep X G
Rrer = I_—(I) =9.76 kQ
OUT_ TAIL
where

* Veer o = 1.222 Vis the internal reference voltage of TPS92638
G, = 200 is the ratio of output current to reference current
*  lour tar = 25 MA is the tail current of each channel. 3

When STOP = high:
Vrer_Lep * G N Vrer_Lep % G

loutr_stop =

RREF RREFHl
VRer_Lep X Gy
VReEF LED X G(I)
lout_stop — BT —
REF
where
lour sror = 60 MA is the stop current of each channel. 4

K 3 shows the schematic of the LED driver part.
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Kl 3. TPS92638 LED Driver Schematic

3.3 PWM Generation Design

120mA/sting

Copyright © 2017, Texas Instruments Incorporated

This design uses the TLC2274A to generate PWM to control the LED driver dimming. & 4 shows a

schematic of the TLC2274A-Q1.

In this schematic, U4C works as an amplifier and is capable of generating a similar triangle waveform at
pin 9. The minimum and maximum voltage is relatively Vo, / 3 and 2V, / 3. The period is:

(2R23 x C26 x In2). U4B works as a comparator: When pin 3 voltage rises, pin 1 voltage also rises, which
generates a larger duty cycle PWM through U4B. As R19 and C25 work as an RC filter, the crossover
frequency must be smaller than one-tenth of the PWM frequency, which means that R23, C26, R19, and

C25 must be calculated as shown in A= 5.
1 1 1

S N

2nxRyg xCos 10 2Ry3 xCyhe x1n 2

®)
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/| VouT
Ll
vouT R18
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Kl 4. TLC2274A-Q1 PWM Generation Schematic
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Test Results

4 Test Results

41 Thermal Data

The infrared thermal images in %] 5 and 4| 6 were taken at a steady state at STOP = high, duty cycle =

100%, and V,y, = 9 V and 24 V for two minutes with no airflow.

31.6

15:28:04

15:24:22

K 5. Thermal Data at 9 V,, K 6. Thermal Data at 24 V,,

4.2 Efficiency Data

7 shows the efficiency at various input conditions.

90%

80%

\
\

70%

>
2
L 60%
50% .
i
40%
_— V|N =9V
h— V|N =12V
V|N =24V
30%
0 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Duty Cycle 5005
7. Efficiency versus Duty Cycle at Various Input Voltages
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% 2. Efficiency Data Table at 9 V,,

Vi (V) In (A) lo (MA) DUTY Vo (V) EFFICIENCY (%)
9.056 0.0693 17.7 0.05 2.34 52.80
9.045 0.1244 25.8 0.10 2.68 49.16
9.030 0.1834 36.0 0.20 3.08 53.56
9.098 0.3695 60.8 0.40 4.08 59.03
9.062 0.5472 89.8 0.60 4.94 71.51
9.029 0.7071 112.0 0.80 5.57 78.16
8.995 0.8701 139.0 1.00 5.95 84.52
3 3. Efficiency Data Table at 12 V,,
Vi (V) In (A) o (MA) DUTY Vo (V) EFFICIENCY (%)
12.012 0.0543 17.3 0.05 2.33 49.44
12.073 0.0974 26.0 0.10 2.67 47.23
12.063 0.1554 35.7 0.20 3.15 48.01
12.037 0.2852 61.2 0.40 4.08 58.13
12.011 0.4215 89.4 0.60 4.94 69.79
12.089 0.5403 113.0 0.80 5.57 77.15
12.065 0.6627 138.0 1.00 5.95 82.21
# 4. Efficiency Data Table at 24 V,
Vi (V) In (A) lo (MA) DUTY Vo (V) EFFICIENCY (%)
24.201 0.0382 17.6 0.05 2.35 35.79
24.197 0.0598 26.2 0.10 2.67 38.68
24.191 0.0885 35.1 0.20 3.14 41.22
24.180 0.1533 63.0 0.40 4.08 55.47
24.166 0.2210 88.4 0.60 4.95 65.49
24.154 0.2831 113.0 0.80 5.57 73.60
24.142 0.3462 138.0 1.00 5.96 78.77

10 A7 LED HEBH Z 4519 CISPR 25 5 25 7.5W A& I3 B AT 3 ¥t
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Waveform

5 Waveform

5.1 Start-Up
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& 8. Start-Up: V,, = 12 V, Duty Cycle = 5%
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K 9. Start-Up: V,, = 12 V, Duty Cycle = 50%
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B

(@ s500v & @ 500V & @ 5.00V &% @ 200mA Q4) (4.00ms 500MS/s @ s 3380V
¥11.9200ms 20M points

A 10. Start-Up: Vy= 12 V, Duty Cycle = 100%

5.2 Shut Down
(@ 5.00 vv B [ 's'ou i . S.00V ‘Bw . .200r;1A.Q‘Bw) [4:(?0;\"3”.“0;\ ] [gg&mps:isms] F.x '3.so'v]
K 11. Shut Down: V,, = 12 V, Duty Cycle = 5%
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5.3 Steady State
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14. Steady State: V,, = 12 V, Duty Cycle = 5%
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K 15. Steady State: V,y, = 12 V, Duty Cycle = 50%
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16. Steady State: V,y =12 V, Duty Cycle = 100%
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6 EMI Test Results

CISPR 25-EMI testing is completed at a third-party facility. Both conducted and radiated emissions tests
are completed. When viewing the results, the blue lines are Class-5 limits for the peak emissions limits
and the green lines are the average emissions limits. The following graphs show that the TIDA-01348
design can pass CISPR 25 Class-5 specifications without requiring a CMCC filter.
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17. Conducted Emissions Positive
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K 18. Conducted Emissions Negative
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19. Radiated Emissions of 150 kHz to 30 MHz
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K 20. Radiated Emissions of 30 MHz to 1000 MHz
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7 Design Files

7.1 Schematics

To download the schematics, see the design files at TIDA-01348.

7.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01348.

7.3 PCB Layout Recommendations

7.3.1 Layout Prints

To download the layer plots, see the design files at TIDA-01348.

7.4  Altium Project
To download the Altium project files, see the design files at TIDA-01348.

7.5 Gerber Files
To download the Gerber files, see the design files at TIDA-01348.

7.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01348.

8 Related Documentation

1. Texas Instruments, LM53600/01-Q1, 0.65A/1A, 36V Synchronous, 2.1MHz, Automotive Step Down
DC-DC Converter, LM53600-Q1/LM53601-Q1 Data Sheet (SNAS660)

2. Texas Instruments, TPS92638-Q1 8-Channel Linear LED Driver With PWM Dimming,
TPS92638-Q1 Data Sheet (SLVSCKD5)

3. Texas Instruments, TLC227x-Q1 Advanced LINCMOS ™ Rail-To-Rail Operational Amplifiers,
TLC227x-Q1/TLC227xA-Q1 Data Sheet (SGLS007)
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