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Design Overview Design Features
TIDA-00746 is an off battery 17W system optimized =  Wide-Vin front end power supply for 10-
(CISPR25 class5) SMPS design for powering 17W Automotive systems
automotive Infotainment processors typically used = Off-Battery operation with reverse battery
in telematics communications unit (TCUs), hybrid protection
clusters, and automotive head units. = Series Fault protection FET with OVP at

_ Input
Design Resources = Passed CISPR25 Class 5 Conducted EMI test
TIDA-00746 Design Folder = Switching frequency: Above AM band
LM53635-01 Product Folder (>1.85 MHz) for al! t.he Conyerters used.

= Al AEC-Q100 qualified devices used

LM26420-Q1 Product Folder = Supports 5.5V to 30 V (20V OVP) wide Vin
LM74610-Q1 Product Folder range.
TPS57114-Q1 Product Folder
TPS57112-Q1 Product Folder

Featured Applications

=  SMPS for Automotive Infotainment
Processors
=  SMPS for Automotive ADAS Processors
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1 System Description

TIDA-00746 is a 17W System optimized SMPS design for automotive Infotainment Processor Power which can be
used in telematics communications unit, Hybrid Cluster, and Head Unit. The design has been tested for CISPR25
Class 5 conducted EMI limits and has easily passed the same.

All buck converter used in this design is switching above AM band (>1.85MHz)

The design is divided into four major blocks:

1. Front end Protection: Inthe design, we have implemented various protections such as against positive
and negative pulses (ISO7630 Pulse 1, 2a, 3a/b) through TVS, reverse terminal protection through
innovative Smart diode (LM74610) and also battery disconnect Switch with OVP protection (PFET).

2. EMI Filter: Acommon mode and a differential filter for Conducted EMI suppression.

3. Low EMI Front end DC/DC converter: LM53635-Q1 is used as Front end DC/DC converter which is
automotive optimized, Low EMI, 2.1MHz, switching, synchronous 3.5A buck regulator. Apart from the
Spread Spectrum option, 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 electromagnetic interference (EMI).

4. Downstream POL Buck Converters (LM26420-Q1 (Integrated dual buck), TPS57114-Q1, and TPS57112-
Q1): All POL switchers used in the design switch above AM band. For High Frequency noise sensitive
rails, ferrite bead filter is used.
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2.1MHZ-Dual-
Synchronous

Ferrite

Bead 1.1V@ 1A
LM7461
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- . + LM53635Q1 TPS57114Q1
— ;9%‘11 IO )| FILTER 2.AMHZ 2.0MHZ 33V@3A
- - Synchronous Synchronous

Load Dump Protection
Reverse Battery Protection
Battery Disconnect switch
Over Voltage Protection

CISPR25 Class5 5V@3.5A

TPS57112Q1 Eerrite
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HF Noise Sensitive

> 5V@035A

Figure 1: Block Diagram:-TIDA-00746
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2 Key System Specifications
Vin Minimum 5.5V
Vin Maximum 30V (OVP at20V)
Vin Nominal 12V (automotive design)
Vout 1 5V
lout 1 0.35A
Vout 2 3.3V
lout 2 3A
Vout 3 1.2v
lout 3 1A
Vout 4 1.1v
lout 4 1A
Vout 5 1.1v
lout 5 1A
Approximate Switching Frequency 2.0MHz Approx(all the DC/DC converters)
ISO Pulse test TVS diode used for protection
EMI Passed CISPR25 Class 5 Limits
Protection Input Overvoltage, Reverse polarity , Short Circuit
protections at Outputs, Load Dump protection

3 Highlighted Products

The following Tl products are used in the design:

= LM53635-Q1
¢ Synchronous Buck Converter
¢ Qualified for Automotive Applications (AEC-Q100 Qualified)
* Wide Operating Input Voltage: 3.55 V to 36 V (With Transient to 42 V)
¢ Spread Spectrum Option Available —helps in EMI compliance
¢ 2.1-MHz Fixed Switching Frequency —Avoids AM Band
e Low Quiescent Current: 15 pA
e —40°C to +150°C Junction Temperature Range
e Shutdown Current: 1.8 pA
¢ Adjustable, 3.3-V, or 5-V Output
e Maximum Current Load: 2500 mA for LM53625-Q1, 3500 mA for LM53635-Q1
e 4 mm x 5 mm, 0.5-mm Pitch VQFN Package With Wettable Flanks
e Low EMI and Switch Noise
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= LM26420-Q1
¢ Dual Synchronous Buck Converter
¢ LM26420-Q0: AEC-Q100 Grade 0 (Q0) Qualified Device Information (1) (TJ =—40°C to 150°C)
¢ Input Voltage Range of 3V to 5.5
¢ Output Voltage Range of 0.8 Vto 4.5V
¢ 2-A Output Current per Regulator
¢ High Switching Frequency: 2.2 MHz
¢ Current Mode, PWM Operation
e Compliant with CISPR25 Class 5 Conducted Emissions

= LM74610-Q1.
¢ Zero 1Q Reverse Polarity Protection Smart Diode Controller
¢ Qualified for Automotive Applications (AEC-Q100 Qualified)
e Maximum reverse voltage of 45V
e Charge Pump Gate Driver for External N-Channel MOSFET
e Lower Power Dissipation than Schottky Diode/PFET Solutions
¢ Low Reverse Leakage Current
¢ Fast 2-us Response to Reverse Polarity

= TPS57114/2-Q1
¢ Synchronous Buck Converter
¢ Qualified for Automotive Applications (AEC-Q100 Qualified)
¢ Input Voltage Range of 2.95 V to 6V
¢ 200-kHz to 2-MHz Switching Frequency
¢ Maximum Current Load: 2000 mA for TPS57112-Q1, 4000 mA for TPS57112-Q1
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4 System Design

The SMPS has multiple protections at the front end of the design.

1. TVS are used in bidirectional way to clamp/filter high-voltage electrical fast transients and maintain
operation through them (for positive going pulses). These pulses include clamped Load Dump (up to
38V) and other transients outlined in ISO 7637-2:2004.

2. Smart diode is implemented in the front end so that the system properly responds to a reverse battery
polarity event and shut down appropriately.

3. There is a fault PFET switch which may be disconnected in the event of any fault. In this design OVP is
implemented.

4. The EMI filter is included in the front end and the design is compliant with the stringent CISPR 25 Class 5
automotive EMI standard.
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Further Normal operating frequency for all the synchronous Buck Converters (LM53635,LM26420
andLTPS57112/4) is 2.1 MHz allowing the use of small passive components2.1MHz is above the AM band,
allowing significant saving in input filtering. These parts has a low unloaded current consumption eliminating the
need for an external back-up LDO. The low shutdown current and high maximum operating voltage of the
LM53635 also allows the elimination of an external load switch.

For Design Calculations and layout examples , Please refer to the datasheets of the devices used .
1. LM53635-Q1 datasheet (http://www.ti.com/product/Im53635-Q1)
2. LM26420-Q1 datasheet (http://www.ti.com/product/LM26420-g1)
3. LM74610-Q1 datasheet (http://www.ti.com/product/Im74610-g1)
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4. TPS57114-Q1 datasheet (http://www.ti.com/product/tps57114-q1)
5. TPS57112-Q1 datasheet (http://www.ti.com/product/TPS57112-q1

5 Test Results
The following diagrams show the results for various tests

5.1 Thermal data

Setup: IR thermal image taken at steady state with 12Vin and all the outputs at full load (no airflow)

22.0

07/26/2016 12:53:10

R —
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5.2 Efficiency data
5.2.1 Efficiency Chart - Input Voltage Vs Efficiency with outputs at full load
Efficiency Vs Input Voltage(Outputs at full load)
84
82
(] 78
S
E 76 =4=—Efficiency
74
72
70
5 10 15 20
Input Voltage(V)
Efficiency Data
System’s Efficiency Vs Input Voltage (Outputs at full load)
Vout lout
. . Vout | lout | Vout lout Vout lout . Efficiency
Vin(V) | lin(A) (1.1V) | (1.1V) | Pin(W) | Pout(W) o
(5v) | (5v) | (3.3V) | (3.3V) | (1.2V) | (1.2V) 1ps) | (1pS) (%)
3.031 | 4.956 0.5 | 3.278 3| 1.158 1] 1.055 1| 18.186 14.525 79.869
2.584 | 4929 | 0.501 | 3.278 3| 1.156 1] 1.055 1| 18.088 14.514 80.241
9| 2.001 | 4931 | 0.501 | 3.278 3| 1.158 1] 1.055 1| 18.009 14.517 80.609
10 | 1.799 | 4.931 | 0.501 | 3.278 3| 1.158 1] 1.055 1 17.99 14.517 80.694
12 | 1.504 | 4.931 | 0.501 | 3.278 3| 1.156 1] 1.055 1| 18.048 14.515 80.424
14 | 1.298 | 4.928 | 0.501 | 3.278 3| 1.158 1| 1.055 1| 18.172 14.515 79.875
16 | 1.143 | 4.924 | 0.501 | 3.278 3| 1.156 1| 1.055 1| 18.288 14.511 79.347
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6 Waveforms

6.1 Reverse Protection -Smart diode

SQU422EP-T1-GE3

Input 1 3 a1 . Q2 IHLP2020CZER2R2M11 N
2 [ F] L1 FemBna i
T Em RS SV B vt ol + 0] l l l -
5

1800pF 4L 1000pd 10pd 1ouR R1
- D1 2100k -

c: c7 cs
= 157 squMsier | 10000F 47uF | 4.7uF 10WF
INGND ACM1211-102-2PL-TLO1 GND

co
A700pF
MMSZ52458-7-F
R2
ci1 D3 20k
47000F SMBI14A 13- c12
14V M

I
220F
U1
VEAPL carope |2

GTPULLDN  VECAPH

8
gl

‘GROUND

5
g

—2 1 ANODE1 GATE DRIVE

N

ANODE NC
LM74810

R4
30.1k 20.0k

[
i RS
A6 100k
2,00k L_ggnt24
TLVHE31AQDBVRA

Q3
SQ2360EES-T1-GE3

zgﬁ g

gl

2.1
gl

TIDA-00746 - August 2016 17 W System Level power reference design for Automotive Infotainment Processor Power 9

Copyright © 2016, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS
www.ti.com

Math A Litilities  Help

1
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7i25/2016 4.15:07 M

Fig: Continuous Reverse Voltage at Input: C1- Input(Input terminal for battery); C2- VIN(Input for DC/DC
converter)
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ttical g C ! e Math

c1

i
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c2

7iz25/2016 4:1
Fig: Transition to Reverse Voltage at Input: C1- Input(Input terminal for battery); C2- VIN(Input for DC/DC
converter)
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6.2 Input Overvoltage Protection - PFET Fault switch
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riical  Timek Trigger  Dis Cur ! e A Utilities  Help e

WM

1

1T

[y

C3

LeCroy | 71252016 5.13.41 PM
Fig: Transition to Overvoltage condition: C1- Input(Input terminal for battery); C2- VIN(Input for DC/DC
converter); C3-Q2 PFET’s gate
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Math A Litilities  Help

WM

1 ’I

WOUT
=]

[y

PFET (GATE

C3

LeCroy EBlting for Trigger  7i25/2016 4:55:00 PM
Fig: Transition From Overvoltage to normal condition: C1- Input(Input terminal for battery); C2- VIN(Input for
DC/DC converter); C3-Q2 PFET’s gate
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6.3 Output Voltage Ripple and Switch Node Voltage

6.3.1 LM53635-Q1’s Output-5V

File Vedical Timebase Trigger Display Cursors Measure  Math  Analysizs  Utilities

| ‘HENENEE,

Vst Pt s am— =T a—

0.00

TIZAE016 B:11:12 PM

LeCroy _
Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <

50mVp-p)

Ch1-Switching Waveform
Ch2-Vout (AC Coupled)-5V

L
15
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6.3.2 TPS57114-Q1’s output - 3.3V

File  Werical Timehase Trigger Display Cursors Measure  Math  Analysis  Utilities  Help

1

QT

[y

Leroy :
Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <

50mVp-p)

Ch1-Switching Waveform
Ch2-Vout (AC Coupled)

L
16
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6.3.3 TPS57112-Q1’s output - 1.1V

File  Verical Timebase Trigger Display Cursors  Measure  bath  An s Liilities Help

c1

ouT
P £ Py £ Pt [y - " e o Py

Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <
50mVp-p)

Ch1-Switching Waveform
Ch2-Vout (AC Coupled)

TIDA-00746 - August 2016 17 W System Level power reference design for Automotive Infotainment Processor Power 17

Copyright © 2016, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS
www.ti.com

6.3.4 LM26420Q1’s Dual output

6.3.4.1 LM26420Q1’s output- 1.2V

File “ertical Tirmebase Triogger Display Corsors Measure  Math An is Utilities Help

| LT

QuT
2 e e Ty S ]

JI2EI2016 10:28:57 Ak

Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <
50mVp-p)

Ch1-Switching Waveform
Ch2-Vout (1.2V) (AC Coupled)

L
18
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6.3.4.2 LM26420Q1’s output- 1.1V

File Werical Timebase Trigger Display © s hle e Math  An s LHilities Help

c1

ouT
C2 IR et T T iy ;‘Fr

TI2E2016 10:32:23 AM

LeCroy
Switch Node Voltage and Output Voltage Ripple at 12 Vin and Full Load on all the outputs (Vripple <

50mVp-p)

Ch1-Switching Waveform
Ch2-Vout (1.1V) (AC Coupled)
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6.4 Load Transient Response

6.4.1 Load Transient Response - LM53635-Q1’s output -5Vout

Undo
K

File Werical Timebase Trigger Display Cursors easure  Math  Analys Litilities  Help

WOUT
W

72612016 10:52
Load Transient Response at 12 Vin and 50%-to-100% Load Step on 5 V Output Vout2 (Full Load were
connected to all other outputs)

Ch2 - Vout (AC coupled)

Ch3- lout

L
20
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6.4.2 Load Transient Response - TPS57114-Q1’s output -3.3Vout

Undo
]

File  ‘ertical Timebase Trigger Display  Cursors  Measure  Math A Utilities  Help

ot
s

C3

| T

TI2E02016 10:55:43 AM

Load Transient Response at 12 Vin and 50%-to-100% Load Step on 3.3 V Output Vout2 (Full Load were
connected to all other outputs)

Ch2 - Vout (AC coupled)

Ch3- lout

e ——
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6.4.3 Load Transient Response - TPS57112-Q1’s output -1.1V

Werical Timebase Cursors ure  Math  Analy: Utilities  Help

72602076 11:13:10 AM
Load Transient Response at 12 Vin and 50%-to-100% Load Step on 1.1 V Output Vout2 (Full Load were
connected to all other outputs)
Ch2 - Vout (AC coupled)
Ch3- lout

e ——
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6.4.4 Load Transient Response - LM26420-Q1’s dual outputs

6.4.4.1 Load Transient Response - LM26420-Q1’s output - 1.2V

File  Verical Timebase Trigner Display Cursors heasure  Math  Analysiz  Utilities  Help

lout

cl

LeCroy Tr26/2016 112311 AM
Load Transient Response at 12 Vin and 50%-to-100% Load Step on 1.2 V Output Vout2 (Full Load were
connected to all other outputs)

Ch2 - Vout (AC coupled)

Ch3- lout

R —
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6.4.4.2 Load Transient Response - LM26420-Q1’s output - 1.1V

File  Vedical Timebase Trigger Display Cursors e Math  Ana Utilities  Help

lout

YpLT

c2

JI2E2016 11:16:01 Ak

Load Transient Response at 12 Vin and 50%-to-100% Load Step on 1.1 V Output Vout2 (Full Load were
connected to all other outputs)

Ch2 - Vout (AC coupled)

Ch3- lout
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7 Conducted Emissions

The conducted emissions is tested followed the of CISPR 25 standards. The frequency band examined spans
from 150 kHz to 108 MHz covering the AM, FM radio bands, VHF band, and TV band specified in the CISPR 25.

The test results are shown in below two Figures. The first Figure show the test result using peak detector and
Average detector measurement respectively up to 30MHz, and the last Figure show the test result using
average detector and Peak Detector measurement from 30MHz to 108MHz. The limit lines shown in red are
the Class 5 limits(up to 108MHz) for conducted disturbances specified in the CISPR 25; the yellow(Peak Detector
measurement) and blue(Average detector measurement) traces is the test result. It can be seen that the power
supply operates quietly and the noise is much below the stringent Class 5 limits overall.
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RBW 10 kH=z REF Attt 10 dB
Ref Lv1 VBW 30 kHz
60 dBNV SWT 10 s Unit dByV
60
1 MH=z 10 MH=zZ
LW_[PK5
MW_HEK S
SWLPKS
50— 5
CB| PK5_
40
MW= 5
SWEAYS
30
CB{AVS_,
20l B b )

' %J L ol et

-10
-20
Center 2.121320344 MH=z Span 29.85 MH=z
Date: 22 .JUL.2016 10:27:34

Test result — Upto 30MHz Conducted Emission —Peak and Average Detection (All the DC/DC Switching
with Full Load)
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Test result —30MHz to 108MHz Conducted Emission —Peak and Average Detection (All the DC/DC Switching
with Full Load)
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated (‘TI") reference designs are solely intended to assist designers (“Designer(s)”) who are developing systems
that incorporate Tl products. Tl has not conducted any testing other than that specifically described in the published documentation for a
particular reference design.

TI's provision of reference designs and any other technical, applications or design advice, quality characterization, reliability data or other
information or services does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl products, and
no additional obligations or liabilities arise from TI providing such reference designs or other items.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its reference designs and other items.

Designer understands and agrees that Designer remains responsible for using its independent analysis, evaluation and judgment in
designing Designer’s systems and products, and has full and exclusive responsibility to assure the safety of its products and compliance of
its products (and of all Tl products used in or for such Designer’s products) with all applicable regulations, laws and other applicable
requirements. Designer represents that, with respect to its applications, it has all the necessary expertise to create and implement
safeguards that (1) anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the
likelihood of failures that might cause harm and take appropriate actions. Designer agrees that prior to using or distributing any systems
that include TI products, Designer will thoroughly test such systems and the functionality of such TI products as used in such systems.
Designer may not use any TI products in life-critical medical equipment unless authorized officers of the parties have executed a special
contract specifically governing such use. Life-critical medical equipment is medical equipment where failure of such equipment would cause
serious bodily injury or death (e.g., life support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such
equipment includes, without limitation, all medical devices identified by the U.S. Food and Drug Administration as Class Il devices and
equivalent classifications outside the U.S.

Designers are authorized to use, copy and modify any individual TI reference design only in connection with the development of end
products that include the TI product(s) identified in that reference design. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR
INTELLECTUAL PROPERTY RIGHT OF Tl OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right,
copyright, mask work right, or other intellectual property right relating to any combination, machine, or process in which Tl products or
services are used. Information published by Tl regarding third-party products or services does not constitute a license to use such products
or services, or a warranty or endorsement thereof. Use of the reference design or other items described above may require a license from a
third party under the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual
property of TI.

TI REFERENCE DESIGNS AND OTHER ITEMS DESCRIBED ABOVE ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS
ALL OTHER WARRANTIES OR REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING THE REFERENCE DESIGNS OR USE OF
THE REFERENCE DESIGNS, INCLUDING BUT NOT LIMITED TO ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE
WARRANTY AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-
INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNERS AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS AS
DESCRIBED IN A TI REFERENCE DESIGN OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT,
SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH
OR ARISING OUT OF THE REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, AND REGARDLESS OF WHETHER TI
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

TI's standard terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products. Additional terms may apply to the use or sale of other types of Tl products and services.

Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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