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System Description

The TIDA-050015 power-supply design is optimized for size-sensitive automotive applications, specifically
rear camera modules. The block diagram for a rear camera module is shown in [X] 1, and the TIDA-
050015 reference design highlights the camera module power supply highlighted below in red. This design
has complete front-end protection and correspondingly accepts a wide input range from 3.8 VV to 36 V.
This design includes an electromagnetic interference (EMI) filter and is tested to CISPR 25 Class 5
conducted EMI standards without the use of additional shielding.

1. ADAS Rear Camera Module Block Diagram

Wide VIN
@ =

Battery Battery

- Protection >
=

A ctectich Discrete or Integrated PMIC

Camera Module Power Supply

) Application
-4—FPD-Link lll—— Serializer Processor
CMOS Sensor | ieg— 0
Level
Camera Module Translator
Interface Imager
Digital Processing A

*

| Fash | [ DDR |

Termination
DGDG/LDO

Memory

A

A

The design is divided into four major blocks:

1. Front-end protection: Front-end protection has been implemented against positive and negative pulses
(ISO7630 Pulse 1, 2a, 3a/b) through transient voltage suppression (TVS). A PMOSFET is responsible
for implementing reverse battery protection.

2. EMI filter: The design uses a differential EMI filter for conducted EMI suppression. The design is tested
to CISPR25 Class 5 conducted EMI standards without using any shielding or common-mode filters.

3. Low EMI front-end DC/DC converter: The design uses the LMR33630-Q1 as the front-end DC/DC
converter, which is an automotive-qualified, low EMI, 2.1-MHz switching frequency, 3-A synchronous
buck regulator. The device comes in an automotive-qualified HotRod™ QFN package with wettable
flanks, which reduces parasitic inductance and resistance while increasing efficiency, minimizing switch
node ringing, and dramatically lowering EMI. For lower power applications, the LMR34215-Q1 (1.5A)
and LMR34206-Q1 (0.6A) offers a pin-to-pin capability that features fixed output voltages, spread
spectrum, and forced PWM.

4. Point-of-load converters: The design uses LM2775-Q1, TPS62420-Q1, and LP5907-Q1 to provide
regulated voltage for system components like the CMOS imager, CAN, high-speed serial interface,
micro controllers or image signal processors. All three components enable a size-optimized, low-noise
solution, which is designed to pass CISPR 25 class 5 limits.
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1.1 Key System Specifications

% 1. Key System Specifications

PARAMETER SPECIFICATIONS
V\y minimum 3.8V
V\y maximum 36V
Vour 33V
IOUTl l A
Vourz SV
louta 100 mA
Vours 11v
louts 400 mA
Vours 18V
louTa 250 mA
Vours 28V
louts 250 mA
fow 2.1 MHz
ISO pulse test TVS diode used for protection
EMI Passes CISPR 25 Class 5 limits
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2 System Overview

2.1 Block Diagram

X 2. TIDA-050015 Block Diagram

| :Camera Module Power Supply !
: > LM2775-Q1 —» 5V/100mA
l38V-36V ! 3.3V/1A i

|

——————p 1.1V /400 mA
TPS62420-Q1 !
——» 1.8V/250 mA
|

< Lps9or-Q1 > 28V/250mA
|

EMI Filter and

Reverse Battery  [REel &4
Protection 1

2.2 Design Considerations

The TIDA-050015 reference design is the power management subsystem designed specifically for ADAS
camera module applications. This reference design uses a wide V,, converter (LMR33630-Q1) and three
point-of-load converters (LM2775-Q1, TPS62420-Q1, LP5907-Q1) with optimized switching frequencies,

thermal performance, and form factor.

This camera module power supply has multiple protections at the front-end of the design.

» The TVS functions to clamp both positive and negative transient voltage pulses. These pulses included
clamped load dump (up to 38 V) and other transients outlined in ISO 7637-2:2004.

» The PFET is used in the front end so that the system properly responds to a reverse battery polarity
event and shuts down appropriately.

A front-end EMI filter enables compliance with the CISPR 25 class 5 automotive EMI standards, with
respect to conducted emissions.

The LMR33630-Q1 synchronous buck converter is a wide-input-voltage, low-quiescent-current, high-
performance regulator with internal compensation. The LMR33630-Q1 was chosen as the front-end, wide
VIN converter for the TIDA-050015 because of small package size (3 mm x 2 mm), the switching
frequency, the 3-A current capability, and the input voltage range of the regulator. The operating
frequency for the LMR33630-Q1 regulator is 2.1 MHz, and the device implements a precise current limit.
Consequently, the output filter size and component values are minimized. The device is designed with a
flip-chip or HotRod technology, which greatly reduces the parasitic inductance of the pins. In addition, the
layout of the device can help reduce the radiated noise generated by switching action through the partial
cancellation of the current-generated magnetic field.

The 3.3-V output option for the LMR33630-Q1 was chosen to support cold crank conditions. When the
engine cranks at low ambient temperature, a car battery voltage can drop to 4 V. This behavior is referred
to as cold crank. With a 3.3-V output, the power supply must output a constant voltage rail as the battery
voltage drops and ramps to a nominal voltage of 12 V to 13.5 V.

The LMR336xx family of devices offer flexibility to use this size-optimized layout for various power
demands of additional automotive applications. For TIDA-050015, the LMR33630-Q1 output voltage is set
to 3.3 V with a resistor divider from FB to V. Depending on the power requirement of the downstream
components, the output voltage can be adjusted. In addition, the output current can be scaled down to 2 A
with the use of the LMR33620-Q1. The LMR33620-Q1 uses a lower current limit and consequently
enables the capability to shrink the inductor size.
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For lower current applications, the output current can be scaled down to 1.5 A or 600mA with the use of
pin compatible devices, LMR34215-Q1 (42 V, 1.5 A) and LMR34206-Q1 (42 V, 600 mA). The LMR342xx-
Q1 device family offers key features such as fixed output voltages, spread spectrum, and forced PWM.
Fixed output voltages removes the need for external resistor devices that can cause inaccuracies. Spread
spectrum eliminates peak emissions by spreading the emissions across a wider range of frequencies
which will help pass stringent automotive EMI standards. For higher voltage variants, the LMR36006-Q1
(60 V, 600 mA) and LMR36015-Q1 (60 V, 1.5 A) are pin compatible devices with the same features .

3. Schematic of LMR33630-Q1
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The TPS62420-Q1 is a dual-channel, step-down converter that can operate from a standard 3.3-V input
rail and regulate dual output rails at 1.8-V and 1.1-V. The 1.8-V output rail powers both the FPD-Link IlI
serializer and the imager |0 rails while the 1.1-V rail powers the imager core voltage rail. The TPS62420-
Q1 was chosen as one point-of-load converter for the TIDA-050015 because of the small package (3 mm
x 3 mm), the switching frequency, the 600-mA current capability, and the input voltage range of the
regulator. The operating frequency of the TPS6240-Q1 is a fixed 2.25-MHz switching frequency. At low

output currents, the TPS62420-Q1 reduces its quiescent current by operating in pulse frequency
modulation (PFM).

4. Schematic of TPS62520-Q1
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1T T 3 _fvin swi f — A +—1 1.1\?
R4 c15 c16 7 ent Felf= e 2.2uH \? C17 ==C18
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11,
PP
R1 5 st =
0 DEF_1 GND = GND
TPS62420DRCR GND

@
z
S

GND

The LM2775-Q1 is a 5-V boost converter capable of powering the CAN communication. The LM2775-Q1
is a switch-capacitor boost converter that enables a small and cost optimized solution by eliminating the
need for an inductor. In addition the LM2775-Q1 is selected as one of the point-of-load converters for the
TIDA-050015 because of its switch-capacitor topology small package (2 mm x 2 mm), the switching
frequency, and the 200-mA current capability. The operating frequency of the LM2775-Q1 is 2-MHz

switching frequency. At low output currents, the LM2775-Q1 reduces its quiescent current by operating in
PFM.

X 5. Schematic of LM2775-Q1
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The LP5907-Q1 is a ultra-low-noise, low-l,device that powers the analog rail or pixel rail of the imager.
The LP5907-Q1 is selected as one of the point-of-load converters for the TIDA-050015 because of the
small package (0.675 mm x 0.675 mm) and low component count solution, which requires two external
components. Ultimately, the LP5907-Q1 enables an ultra-small solution with good noise performance.

6. Schematic of LP5907-Q1

u3 2.8V

3.3V
H VIN vout |2
C22 C.

)
3 23 GND3
1uF

I“’F EN
L Ee 4 Ine GND 2
GND

LP5907MFX-2.8/NOPB =
GND

G

For design calculations and layout examples, see the data sheets for the relevant devices:

« LMR33630-Q1: LMR33630-Q1 3.8-V to 36-V, 3-A Synchronous Step-Down Voltage Converter
* TPS62420-Q1: 2.25-MHz 600-mA/1000-mA Dual Step-Down Converter

e LM2775-Q1:LM2775-Q1 Switched Capacitor 5-V Boost Converter

» LP5907-Q1:LP5907-Q1 Automotive 250-mA, Ultra-Low-Noise, Low-I, LDO

2.3 Highlighted Products
23.1 LMR33630-Q1
Features:
» Synchronous buck converter
« Wide operation input voltage: 3.8 V to 36 V (with transient protection up to 38 V)
» 2.1-MHz switching frequency
* Low quiescent current: 25 pA
e Maximum load current: 2 A for LMR33620-Q1 and 3 A for LMR33630-Q1
*  QFN package: 3 mm x 2 mm
* Pin-to-pin capability with LMR34215-Q1 (42 V, 1.5 A) and LMR34206-Q1 (42 V, 600 mA)
2.3.2 LM2775-Q1
Features:
» Synchronous boost converter
e Fixed 5-V output
* Inductorless solution: Only requires 3 small ceramic capacitors
e 2.7-Vto 5.5-V input range
e 2-MHz switching frequency
* Maximum load current: 200 mA
*  QFN package: 2 mm x 2 mm
2.3.3 TPS62420-Q1
Features:
» Synchronous buck converter
6 Ia—g e AR/ A RIS L T b Sz, B ADAS A7 BN D JAJUG97A—February 2019—Revised August 2019
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» Adjustable output voltage from 0.6 V to V
» 2.5-Vto 6-V input range

e 2.25-MHz switching frequency

* Maximum load current: 1000 mA

*  QFN package: 3 mm x 3 mm

2.3.4 LP5907-Q1

Features:

e Solution requires 1-pF ceramic input and output capacitors
» Adjustable output voltage from 1.2 Vto 4.5V

e 2.2-Vto 5.5-V input range

* Low quiescent current: 12 pA

* QFN package: 2.96 mm x 1.60 mm
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3 Hardware, Software, Testing Requirements, and Test Results
3.1 Required Hardware

3.1.1 Hardware

The following steps outline the hardware setup.
1. Connect a DC power supply to VIN and GND, as labeled in [%] 7.

2. Connect electronic or resistive load to the four output posts (2.8-Voyr, 1.8-Vour 5-Vour 1.1-Voyr), @s
labeled in [¥] 7.

& 7. Hardware Setup
GND VIN 2.8-Vour GND 1.8-Vour

5-Vour GND GND  1.1-Vour
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3.2 Testing and Results

3.21 Test Set Up
For the following test results the TIDA-050015 was set up as detailed in 3.1.1.

3.2.2 Test Results

The following diagrams show the design performance.

3.2.2.1 Thermal Data

The infrared (IR) thermal image in [X] 8 was taken at steady-state with V = 12V and the TPS62821 output
at a full load (no airflow). The ambient temperature is approximately 22°C. The maximum IC temperature
is 47°C.

8. TIDA-050015 Thermal Image: Viy =12 V, oy = 1 A, Vourr = 3.3V, Vourz =5V, loyre = 100 MA, Vgyurs =

1.1V, loyrs = 400 MA,
Voura = 1.8V, loyrs = 250 MA, Vours = 2.8 V, loyrs = 250 mA

ENTE

°C  50.0

03/16/2018

3.2.2.2 Efficiency Data

9 shows the efficiency of the LMR33630-Q1 device versus the load current. [X| 10 shows the total
system efficiency versus the input voltage at full load.
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9. LMR33630-Q1 Efficiency Versus Load Current: loyr; = 0 A to 3 A (Includes Front End Protection and

3.2.2.3

EMI Filter)
95
925
o | ] —L
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87.5 L —
~ & /// I —
% 825 A
g g0 /\//// = —
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s / — V=65V — V=16V
72,5 — V=9V — V=18V
20 /M — Vn=12V — V=24V
— V=135V
67.5
0 03 06 09 12 15 18 21 24 27 3

Load Current (A)

10. System Efficiency vs Input Voltage: Iy = 1 A, loyr, = 100 mA, lgyr; = 400 mA,

loura = 250 MA, loyr, = 25
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11 shows the output load regulation of the wide input converter (LMR33630-Q1).

11. LMR33630-Q1 Load Regulation: Vg, VS lour:
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3.2.2.4  Reverse Battery Protection

This design has implemented protection against a reverse battery connection. [X| 12 and [X| 13 show this

performance.

12. Continuous Reverse Voltage at Input - C1: V, (Input for DC/DC Converter),
C3: Input (Input Terminal for Battery)

 (NEER
0.0 Vidiv
18.70 ¥ offzet

13. Transition to Reverse Voltage at Input - C1: Vy (Input for DC/DC Converter),
C3: Input (Input Terminal for Battery)

JAJU697A—February 2019—Revised August 2019 =gl YA REE AR TR IBHES IV, H ADAS HAZ WD
V7 7L Ze T

TIDUEF5 BHARA — HcHrOBEREREE http://www-s.ti.com/sc/techlit' TIDUEF5
Copyright © 2019, Texas Instruments Incorporated

11


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUEF5.pdf

Hardware, Software, Testing Requirements, and Test Results

13 TEXAS
INSTRUMENTS

www.tij.co.jp

3.2.25

Switch Node and Output Voltage Ripple

14 shows the steady-state performance of LMR33630-Q1 for the switch-node and output voltage ripple
at 12 V,y and full load. [¥] 15 shows the steady-state performance of TPS62420-Q1 for the switch-node
and output voltage ripple at 12 V,,, 1.8 Vo, and full load. [X| 16 shows the steady-state performance of
TPS62420-Q1 for the switch-node and output voltage ripple at 12 V, 1.1 Vr, and full load.

& 14. LMR33630-Q1 Steady-State Waveform at 12 V,, and Full Load -
C1: 3.3-Vgyr (AC Coupled), Ch3: Switch Node

179719 WHz
a v

i
Plitreg(C3) PpkphiC1) Pae-.

¥ 15. TPS62420-Q1 Steady-State Waveform at 12 V,, and Full Load -
C1: 1.8 Vot (AC Coupled), Ch3: Switch Node

i
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¥ 16. TPS62420-Q1 Steady-State Waveform at 12 V,, and Full Load -
C1: 1.1 Vgour (AC Coupled), Ch3: Switch Node

T A
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i
Measure Plitreg(C3) PpkphiC1) Pae-. Piiee s [ P
226922 WHz 3wy

EEEER)
200 Vil
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3.2.2.6 Load Transient

The load transient waveform monitor the output voltage and the load current. Channel 1 (yellow)
represents the output current of the LMR33630-Q1 or TPS62420-Q1. Channel 3 (blue) represents the
output current. [¥] 17 to X 20 show the load transient results.

17. LMR33630-Q1 Load Transient: 12 V,, oy =04 Ato 3 A, t,=t,=5 s -
C1: 3.3 Vour (AC Coupled), Ch3: loyr

vout

Measure P1:pkpkiC1) P2pkphiC3) P3o.. [T [ PEL. .
vl 231 mv 2884
status v o

< e
2.00 Adv.
2000 A offset]
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X 18. PS62420-Q1 Load Transient: 12 V,y, loyr, = 0.1 Ato 0.4 A, t, =t; =3 s -
C1l: 1.8 Vo1 (AC Coupled), Ch3: lgyr,

PripkpkiC1) P2phpkiCa) [ [ (-9 [,
s0mv 331 ma
v v

19. TPS62420-Q1 Load Transient: 12 V,y, loyrs = 0.2 At0 0.8 A, t, =t; =6 Us -
C1l: 1.1 Voyur (AC Coupled), Ch3: loyrs

|
|
|
1
Measue PripkpkiC1) P2phpkica) [ [ (-9 [,
amv 325ma
v v

20. LM2775-Q1 Load Transient:12 V,, loy1a =0.01 Ato 0.1 A, t, =t; =1 s -
C1: 5 Vgur (AC Coupled), Ch3: loyrs

—
_—

|

|

|

1
Measure PApkpk(C1) P2pkpk(C3) [ [ [ [N
vl 184y ama
v v
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3.2.2.7 Conducted Emissions

21 and [¥] 22 show the conducted emissions plots based on the CISPR 25 class 5 standards. The input
voltage is 12 V, and all outputs are at full load.

21. EMI Performance From 150 kHz to 30 MHz: V=12V
(Yellow: Peak Detection Result; Blue: Average Detection Result; Red: CISPR 25 Class 5 Limits)

REW 10 kHz RF Att 10 dB
Ref Lvl VBW 30 kHz
70 dBpv SWT 10 s Unit dBuv
70
1 MHz 10 MHz
W_FES =
60
1 ¥
acf e
4
M-
‘;‘vi
20 L{
h i
u
T | EEERRTDALIY
) — !
" mul| |
I,
Wl b \“ LJIMJIII[ LAk
BT [eavrs T e = mimLes e
“10
=20
Center 2.121320344 MHz Span 29.85 MHz
Dpate: 16.MAR.2018 16:13:09

22. EMI Performance From 30 MHz to 108 MHz: V=12V
(Yellow: Peak Detection Result; Blue: Average Detection Result; Red: CISPR 25 Class 5 Limits)

RBW 100 kHz RF Attt 0 dB
Ref Lvl VBW 300 kHz
50 dBpv SWT 10 = Unit dBuv
100 MHEz
[ A |
40|
i
o ; L
HF 2y 514- =
. I Ll o 1IN

NEIEATE
L LA A A o T

Center 56.92099788% MHz Span 78 MHz

Date: 16.MAR.2018 15:10:04
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4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDA-050015.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-050015.
4.3 PCB Layout Recommendations
4.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-050015.
4.4  Altium Project
To download the Altium Designer® project files, see the design files at TIDA-050015.
45 Gerber Files
To download the Gerber files, see the design files at TIDA-050015.
4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-050015.
5 Software Files
To download the software files, see the design files at TIDA-050015.
51 &4E
E2E, HotRod are trademarks of Texas Instruments.
Altium Designer is a registered trademark of Altium LLC or its affiliated companies.
T RTCOPEB L OBERPIEI I ENE N0 A E IRELET,
6 Related Documentation
1. Texas Instruments, LMR33630-Q1 3.8-V to 36-V, 3-A Synchronous step-down voltage converter
2. Texas Instruments: 2.25-MHz 600-mA/1000-mA Dual step-down converter (TPS62420-Q1)
3. Texas Instruments, LM2775-Q1 Switched capacitor 5-V boost converter
4. Texas Instruments,LP5907-Q1 Automotive 250-mA, ultra-low-noise, low-I, LDO
6.1 E#E
E2E, HotRod are trademarks of Texas Instruments.
Altium Designer is a registered trademark of Altium LLC or its affiliated companies.
6.2 Third-Party Products Disclaimer
TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES
NOT CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR
SERVICES OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR
SERVICES, EITHER ALONE OR IN COMBINATION WITH ANY Tl PRODUCT OR SERVICE.
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« "For lower power applications, the LMR34215-Q1 (1.5A) and LMR34206-Q1 (0.6A) offers a pin-to-pin capability that

features fixed output voltages, spread spectrum, and forced PWM." 1B 0 ..cueiieireiee e et rieeeeeeaenerneneeeans 2

* "For lower current applications, the output current can be scaled down to 1.5 A or 600mA with the use of pin compatible
devices, LMR34215-Q1 (42 V, 1.5 A) and LMR34206-Q1 (42 V, 600 mA). The LMR342xx-Q1 device family offers key
features such as fixed output voltages, spread spectrum, and forced PWM. Fixed output voltages removes the need for
external resistor devices that can cause inaccuracies. Spread spectrum eliminates peak emissions by spreading the
emissions across a wider range of frequencies which will help pass stringent automotive EMI standards. For higher
voltage variants, the LMR36006-Q1 (60 V, 600 mA) and LMR36015-Q1 (60 V, 1.5 A) are pin compatible devices with the

EoFo TR (=T= VL0 =X R 5
*  "Pin-to-pin capability with LMR34215-Q1 (42 V, 1.5 A) and LMR34206-Q1 (42 V, 600 MA)" B/l ccevviiiiiiieiiienannnnenes 6
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