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Why is Automotive Power Different?
The problem with car battery

 What do you think of when you hear “car battery”?

> Hint: it’s not a 12V battery
* The actual car battery voltage range:

— Load dump without central suppression: 70V

— Load dump: 36V

— Alternator output: 14.4V
— Fully charged battery: 12.6V

— Drained battery: 11.5V
— Drained & damaged battery: 10.5V

— Cold cranking engine start: 3.5V
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Maxim Automotive Power Solutions
Improve performance & reduce solution cost

MAX20006 EFFICIENCY
100
: )P Zaiil TR
Ultra small packaging Sl cerErte gl /7 <
output cap
N Y v
MAX20077 in TDFN 2 7/ / S
30HF to 1OHF COUT & m // BIAS Swichover
Small output .
inductor © VsLp = 2v H
3 x 3mm 12-pin TDFN-EP Colerod XALSOBD4T2 | |
PWM Mode
wﬂj 1 10
LOAD CURRENT (&)

High efficiency & power

* Family of high-voltage DC/DC

Cost effective & small size

e 2MHz Fsw reduces inductor &

AV

Radiated emissions: MAX20006 SS=ON
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capacitor sizes

> 60% smaller footprint typical
> Avoids AM radio interference
> Faster load transient response

* Internal compensation simplifies
design & reduces footprint

converters up to 8A

> Up to 95% efficient @ 5Vq ¢
Low quiescent current

> MAX20075: 3.5uA |q

Integrated power FETs reduce
solution size & cost

5| Maxim Integrated, Confidential

EMI reduction

Features that lower and mitigate
EMI emissions

Spread Spectrum

PWM for constant frequency
Slow gate LX transition speed
2MHz Operation

Forced PWM and external sync
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Maxim Automotive Infotainment Power Portfolio

12/24/48V Primary Secondary
battery Single-channel Single-channel

MAX20076, MAX20079, MAX20071-4, CAN

— + MAX20006, MAX20471
MAX20406/8/10, U s0C
MAX25201 Multi-channe

MAX20419, MAX20428 Memory
Multi-channel SOC power
s \1AX20034, MAX20030, I\/IAXI;0025, MAX20010, MMIC

MAX20057 MAX25203 MAX20012, MAX20499, Etc.
etc. MAX20430

Buck-Boost Camera Camera PMIC

) Deserializer
MAX200408B, Protection MAX20019,
MAX20048, MAX20087 MAX20049, S
MAX25240 MAX25249
Telematics Telematics

MAX20094
MAX20084

Phantom Supply

mayiy
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MAX20057: Dual Sync Buck Converter + ASync Boost Controller

40V, 5UA Ig

= Small Solution = Instrument Clusters — PMIC for Mid-low power clusters
= 2V to 40V Supply Voltage (40V tolerant) = Infotainment systems
= Fixed output 3.3V/5V and 1% ref on FB pin = Telematics
= Adjustable Vo 1V to 10V
= Non-Sync Boost controllers and sync Buck converters
= 400kHz and 2.1MHz Fsw option Vo B o D o 2 e
= Low 20ns minimum on time waoji 2008 e g_ Tt
= PGOOD Output (94% * 2%) HMT ;3?',:_ £ 5336 jd JM
= SYNC Input v o | o
* Buckl 3.5A & Buck2 2A 1 integrated. k=
= Small 5x5mm 28-SWTQFN-EP Package VMOHU:—- i~ MAX20057 :j:f,—_"

= Efficient 4{ - o - Vaurs
= Low IQ of 5pA @ Vout 5V no load L - :: -
= <10uA Shutdown current Vo 8655 = 8%

= Quiet-Low Noise ﬁﬁ i e ;

= Forced PWM and Skip Mode Operation fx}i 2 3& g
= Spread Spectrum Oscillator —v{_T I-\ V RNh FEthT
= AEC-Q100, Temp Range: -40°C to +125°C 0‘*\‘ o

2 ma iy =
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MAX20049: Ultra Small Mid Voltage Dual Output Buck Converters

17V 2.2Mhz, 500mA/1.2A Buck + 400mA LDO +150mA LDO

= Small Solution = Remote camera module
“Vin 5V to 17V [ABS MAX 18V]- MAX20049 - Forward/rear/side-view camera
=Vin 4V to 17V [ABS MAX 18V] — MAX20049D Y oo

= SW TQFN 16pin 3mm x 3mm 150mA

=17V LDO1 3.3V, 3.0V, 2.8V, 2.9V,2.7V PGNDI L1 suPL BSTI
= 5V 400mA Low Noise LDO ranoz [7) o
= LDO3 (150mA) input for reduced power loss - - - -
= Buckl and Buck2 output current urts- 20 W 8 Aest ©
. _ LTS - M STEP-DOWN || sur2 10| ourss
500mA — MAX20049 — | e % O ] o
= — 500mA & 1.2A — MAX20049D o —— o alololoke
qpy  OUTS4 F=H s 38Y, 33V, 30V, | Izz_uF
= +/-3% over full load and temp —2 ] oS [ay 290,28 < PGOOD OUTS2 OUTS4 ouTs1
= Soft Start Time to Reduce Inrush in Coax 1msec Tl GO 500mA
. —| EH \\ " | | | | | |
= OV/UV Protection on Buck1, Buck2, and LDOs 3x3mm
= PGOOD output for LDO and Buck rails
- P I Package I
= Efficient - S e .
= OUT1 & 2 ~ 90% efficiency Veing
= OUT1 and OUT2 operates 180 degrees out of phase % e
= Quiet-Low Noise < FGDODE‘ e o o o Supports down to 0.9V
=Hj ‘ H bos o |e
H.|gh PSRR Low Nplsg LDO E COMPARATOR 3BV, 3.3V, 30V, Supports up to 1.3A
=Fixed 2.2MHz Switching Frequency B (MIN)
=Spread Spectrum Option | fe

= AEC-Q100, Temp Range: -40°C to +125°C

Maxim Integrated Products, Inc. Company Confidential N
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MAX20404/MAX20405/MAX20406 —Synchronous HV Step-Down

Converter - 36V, 4A/5A/6A, 400kHz/2.1MHz/3.1MHz

" Small Solution = Instrument Clusters
= QOperating Vin range: 3.5V to 36V (40V tolerant)

= |out = 4A/5A/6A
= |ntegrated internal high- and low-side switches

= Point-of-Load
= Distributed DC Power Systems

* 99% maximum duty-cycle with low dropout

= VOUT: 3.3V and 5.0V (Fixed) g g
]
= Contact factory for other output voltages = g 'g @
= 3.1MHz, 2.1MHz and 400kHz fixed frequency operation 17 1 157T15 'T” 1113 11121
T I I N I
= Low 40ns minimum on-time — B LM s .
_— T — 22
= Power-good output, current limit, thermal shutdown, and overvoltage ast 12 ] MAX20404-6 ! 101 -
protection —-! -—-
_______ : e
= Adjustable Vout: 0.7V to 10V, +/- 2% Vout accuracy supgys ! L 9 1sue ;I-S::l':tion
= 17 Pin FC2QFN package ZZC‘I‘;"F I T I ATHF —— | between
= Efficient = T . e T SUP and
PGND | 4 I L 8 | PGND PGND
= Lessthan 1uA (typ.) in shutdown | &——— T~ "--~--~ © LT
= Low 7pA (typ.) operating current in skip mode at 3.3Vout i l
I ________
" Quiet peno s . Lo 7 | PGND
_______ 4 | —_—— i —————
= 2.1MHz operation prevents AM band interference and minimizes L6
external component size L LX oxiTyF .
= Optional spread spectrum frequency modulation ) 0.14F 0.47pH )
I I Y Y TY Y

= AEC-Q100, Temp range: -40°C to +125°C

° ma»i
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MAX20408-MAX20410 —Synchronous HV Step-Down Converter

36V, 8A/10A, 400kHz/2.1MHz

" Small Solution = Instrument Clusters
= QOperating Vin range: 3.5V to 36V (40V tolerant)

® Jout=10A
= |ntegrated internal high- and low-side switches

= Point-of-Load
= Distributed DC Power Systems

* 99% maximum duty-cycle with low dropout
= VOUT: 3.3V and 5.0V (Fixed) g g
(&)
= Contact factory for other output voltages =

= 2.1MHz and 400kHz fixed frequency operation 117 11 16

| 114 BIAS

-— - — 11
= Power-good output, current limit, thermal shutdown, and overvoltage I MAX20408 :——10—1 -
protection i MAX20410 o=

_______ : T
= Adjustable Vout: 0.7V to 10V, +/- 2% Vout accuracy see 3 ! '_ ______ 9 1 sup ;I-S::l':tion

= 17 Pin FC2QFN package 3.5x3.75mm ::C”"F I TS I 4THF —— between
'“‘ e SUP and

Efficient e | N g | penD PGND

= Less than 1uA (typ.) in shutdown | &———F-——————-

|
|
= Low 40ns minimum on-time BN 1

\4

= Low 7pA (typ.) operating current in skip mode at 3.3Vout

* Quiet peMD |5 |

= 2.1MHz operation prevents AM band interference and minimizes
external component size 1 LX |

— 2x4TuF —_
= Optional spread spectrum frequency modulation 0.1uF 0.47pH T
= AEC-Q100, Temp range: -40°C to +125°C

’ ma)iegyl =
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MAX20029: Quad Low-Voltage Step-Down Converters

5.5Vin 4x 1.5A Quad Output

= Small Solution = Automotive infotainment systems

= Vin 3.0V to 5.5V = Multi-channel point-of-load regulation
= Vout 1.0V to 4.0V

= Four-channel step-down converters

= Qutputs 1 & 2: 1.5A each

= Qutputs 3 & 4: 1.5A each

= Each channel has an independent enable pin
= All FETs integrated
= 66ns (max) minimum on-time

CONTROL

STEP-DOWN STEP-DOWN
PWM PWM

= Factory-preset or adjustable output voltages

ouT2 ouTt

= 28pin 5mm x 5mm TQFN package

1.0Vto 3.6V 1.0Vto 3.6V
1.5A 1.5A

EN EN

= Quiet-Low Noise

| |

= 2.2MHz switching frequency

= Forced PWM sm;zgwn STEE@,WN
= Spread-spectrum option 1.0\2%§.6v 1.0\2%5.6V
= Reduced gate speed to minimize noise emissions o o

= AEC-Q100, Temp Range: -40°C to +125°C @

IANVNET®m .
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SLCIT

Driver. Monitorin;

o \ Y
‘\

e N\
R
TN

3

Tiny camera modules and
ECU boards allow for
unobstructed camera views

Increasing peak power

Up to 5A LED current,
2-4 LEDs, 1+ LED strings

Placement of camera in

steering wheel column,
A-pillar, CID

~ u

E Migration from rolling
| shutter to global shutter
sensors

Higher resolution functions

Multiple driver states T

Higher accuracy

For optimum system

efficiency and FPS Lower number of false faults

ma>@e
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DMS System Block Diagram Example
MAX25613 Solves voltage drop due to high input currents in this topology

[ ECU Board ) g Sensor Board
Image
sensor
1-2m Coax/PoC GMSL
Auto Battery deserializer or SPP serializer
V,, =12V
(8V - 16V) 15cm to 2m cable ~
MAX25613
IR-LED driver 5* ﬂ*
Diagnostic, : :
fault, and
et ILED up to 5A peak, 60W 5*
monitor
\ y Small sensor board - Emitter Board )

Most flexible

madds =
Maxim Integrated | Company Confidential mtegrace.\':lm
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DMS System Block Diagram Alternative

N 4 Y

Sensor Board

ECU Board

Image
sensor

Auto Battery

GMSL 1-2m Coax/PoC GMSL
deserializer or SPP serializer
V,, =12V
(8V -16V) \ y 15cm to 2m cable
MAX25613
v
BATT \8 y

ILED up

¥ ¥
| L% 4

60W

Emitter Board

madds
Maxim Integrated | Company Confidential mtegra E.\'J



AVNET

Automotive IR-LED Controller for Driver Monitoring Systems ™™
MAX25613 (Gen 1)

VBAT "-IL.
1 wWoown )
1 P ) SEELE) S " Benefits
- T I ﬂ
PWMDIM —| D3 ! W ! * Reduced BOM:
= * Integrates boost DC/DC converter and buck LED driver
RCS_LED
y N * Shared external MOSFET & inductor between boost and buck stages
VTC Y gr * Programmable switching frequency 200kHz to 2.2MHz
N BT i J_Kl_l * Compact SW-TQFN20 4x4 package
ol o LAAA 4 ”E \i °B°°ST;: Rove1 _ * EMI reduction: Integrated spread spectrum )
RuvEN1 CsP
CSN Rsc
| UVEN |SEN2\£
| PWMDIM ISENSE- * Wide Vin: 5V to 48V, Vout: 65V boost output
100Q
o & RT axosers MOV . * Integrated PMOS dimming FET gate driver (allows single wire connection to
o § f the LED string)
= vee ﬂ Rost.Fer * Full scale high side current sense voltage of 200mV
c1 DH [—— Rovp2
j vee cowp DD * Analog, PWM Dimming
Ri Reou : * Fault flag, LED terminal short to battery and short to ground protection,
= Rosa.Fer overvoltage and thermal protection
} ICTRL
R2 g
SGND PGND Ep Ceomp . J
- i 1 |
L
Status: Production Q4 2019
Samples Available f
ma)! =

. oy
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3 Display Power
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Display Power for Display Applications

Bigger
Higier Res Lower Vin  Functional Safety Local Dimming Low EMI/EMC
7 o

(¢

G ®
Applications Needs Applications Needs Applications Needs Applications Needs Applications Needs
* Higher luminance =+ Start-Stop « ASILA/B * High Contrast * Spread Spectrum
* Higher Current « Cold Crank « Complete Diagnostics °* Less Fatigue * Phase Shift
* More Channels Top Parts * Power Reduction . Z.ZM-Hz .
Top Parts Top Parts .  MAX25024 Top Parts * Hybrid Dimming
* MAX20446 «  MAX25014/24 (2.5V) « MAX25222 *  MAX21610 Top Parts
- MAX20056 _ Upcoming Parts *+  MAX20444/6
«  MAX20067 Upcoming Parts Upcoming Parts . MAX25500/1 *  MAX20067
* MAX25221 . MAX25510/1/2 (3V) * MAX25501 * MAX25220/1/2

Upcoming Parts

* MAX25501 I\V N E T . g:
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Automotive Display Roadmap

Local
Dimming
LED Drivers

LED Drivers

LED Driver &
TFT-Bias

TFT-Bias

Display
PMIC/
Gamma
Buffer

MAX20446

6 ch 130mA/ch

with 12C, hybrid
dimming, phase shifting,
regional dimming

16 Ch, 100mA LED
Driver SPI for local
dimming

MAX20444

4 ch, 130mA/ch

with 12C/stand alone,
hybrid dimming, phase
shifting, regional

| dimming

MAX20069

4 ch 150mA/ch LED Driver
with 12C and TFT bias: +/-
AVDD, VGH/GL 3mA

MAX20067

Mext-gen MAX16928
TFT-Bias PMIC with 12C,
VCOM, Gate-shading

FY18/19

4Ach, 150mA/ch, Vin=2.5Y,
12C, hybrid dimming,
phase shifting, regional
dimming, NMOS
protection, ASIL B

MAX25014/24 MAX25510/1/2 (P90D)

AVNET

Reach Further™

MAX25501 (P90D)

96 Ch, 70mA LED
matrix driver 5P| for

local dimming

Ach, 120mA/ch, Vin=3V,
12C, hybrid dimming,
phase shifting, NMOS
protection, Integrate FET
and current sense

| VGH/GL 3mA,

A ch 150mA/ch LED Driver
with 12C and TFT bias: +/-
AVDD improved low AVDD,

4 ch 150mA/ch LED Driver
with 12C and TFT bias: +/-
AVDD, VGH/GL 10mA

MAX20446B/C

6 ch, 130mA/fch

with 12C/stand alone,
hybrid dimming, phase
shifting, regional

| dimming

+AVDD/-AVDD, VGH/GL,
w or wo VCOM with
MOTP, ASIL B

MAX25520 (P90D)

+AVDD/-AVDD

Wide Vin Buck + LDO
Low Vin Buck + LDO

WD

FY20

ATO667 (P90U)

6ch, 200mA/ch, Vin=2.5V,
12C, hybrid dimming,
phase shifting, regional
dimming, NMOS
protection, ASIL B

ATO677 (P90U)

6 ch 150mA/ch LED Driver
with 12C and TFT bias: +/-

AVDD, VGH/GL 10mA

ATO683 (P90D)

18ch Gamma Buffer with

Temp compensation and
VCOM

FY21/22

Legend

Production

Development

Concept

D

maai N
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MAX20444: 4x 130mA LED Driver w/ Boost/SEPIC Cntlr,

12C, Hybrid Dimming

* Minimum number of external components
» SEPIC and Boost Configurations Possible

* Fixed switching frequency with Spread-
Spectrum

= Complete 4 channel Solution including Boost Controller,
p2p compatible
12C control for minimum parts count
*+ Robustand low EMI
* Spread spectrum Oscillator
* Phase Shifting
*  400kHz to 2.2MHz Switching Frequency Range
* Fail-safe Operation Mode Using FSEN Pin
+ Versatile Dimming Scheme allows Hybrid or PWM-Only
Dimming using DIM input or 12C
*+ Dimming Ratio >10000:1 using Hybrid Dimming
» Complete Diagnostics:
* LED Open/Short Detection & Protection
* Boost Output Undervoltage & Overvoltage
+ Boostvoltage
* LED Current
*+ Thermal Shutdown
* Compact TQFN24 4mm x 4mm Package

L1
INFUT s s al *

VOLTAGE —T—cm
I 10
= — A Cour
PGATE o l “ﬂ§
W 22uF .
ue . . .
T EN o8 AN —e Ra§' mg‘mng' R11§.
= Rec I . L L] -
. €L
- e i— w3 Z YZ vz v
FSENISET — o B
SDAPSEN pMAX20444B —
SCLARANGE -
% Vee RSTMON
T F =
= IZGOISRSOT
OUTH
i HDSET ouT2
= OUT3
= T4

COMP

Reoue RT s IREF
100pF PGHD LEDGND
R 499k
omer | —3—

AVNET
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= Automotive Instrument Clusters
= Automotive Displays =
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MAX25014/24: 4ch 150mA LED Driver with 12C, Hybrid Dimming

MAX25024

VOLTﬁGE_"W'—JiL _|=_
* Supports down to 2.5V, after start up I 0

* 2.5V to 36V Supply Voltage (40V Tolerant) = ]_W“_{
* 4 channel, 150mA current to drive LED NoATE NDRV' B0OST
* NMOS input current protection Voo L-M T_ ::

* Input current sense % T

* Hybrid dimming, spread spectrum and phase shifting Y -
* Settings and complete diagnostics thru 12C g

cs

L FLTB
SDA
SCL
DIM
FSEN

MAX25024

* 4 x4mm package SYSTEM ERROR >
BSTMON
* ASIL B certified il R L

ouT

Benefits = out2

ouT3
COMP QuT4

* Simple to use with I?C

Reowe RT IREF
e Save BOM cost and board area with NMOS protection 100pE i PGND GND LEDGND o
* EMI mitigation CWI S -

* Complete diagnostics to enable ASILB =
* Hybrid dimming to reduce EMI and increase dimming
* Small solution size

Applications

e Automotive display
« HUD ma)ig
@ Integrated-.




Level in dBuvim

MAX25014 EMI results

Monopole 400kHz

PEF Level @Dverview

Frequency in Hz
CPHES Limit @CISPR25_LVLE_PK

Longpole_400kHz
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MAX25510/1/2: Highly Integrated 4ch 120mA LED Driver

Small Solution/High Integration

Very High Dimming Ratio

EM
Complete Diagnostics %
- FLTB bt

Quiet-Low Noise

12C (MAX25512)

* Inst t Clust
3V to 36V Supply Voltage (52V tolerant) nstrument Liusters

4ch 120mA/ch = Center Infotainment Display
Boost FET Integrated to enable 15W Qutput Power
Current Sense Resistor Integrated

NMOQOS input protection

Small 4x4mm 24-TQFN and SW Package

15,000:1 at PWM=200Hz
>15,000:1 with Hybrid Dimming SR PV O s fe—— 111 .
L

e

LED Open/Short on each string

1 L
RSOT TEMFA
Boost Output voltage and OV/UV F via MAX25510/1 %

Interface with NTC for LED current derating HETMOR

SET

400kHz to 2.2MHz switching frequency/Ext Sync

. =
COMP (W}
Phase Shift Rw% RT ISET —|5
% PGND GMD LEDGND

Spread Spectrum ]

Stand alone (MAX25510: 3.5A, MAX25511: 4.5A) S ING
AEC-Q100, Temp Range: -40°C to +125°C ST ATUS: SAMI L I_\ V N E T M &

Reach Further™ lntegratEd'"



MAX20069: Automotive 4-Channel TFT-LCD Power Supply

AVNET
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with 4-String LED Driver

BATTERY IPUT _nﬂn___"r'-: L
DM NPT
' “T i A i i
N oiw BATT = = # g 55 5;
= 5221 2ImF Ri7 g
= 1 Col
FOYDOD NDRY _,w,,_| E | | | |
| | |
LS .
o ¥ Ty Sy 20y 2
COAP
] et
=1 é .
i H R
DEVIO T CRT
FeFs Lotz [—p———
U -
Tz
T3
ouTS
o= Mmmg BST ﬂ TFT FOWER INPUT
(el L3
%P Jj
FANG H';:; B
) L L
— Bl __|_ - =
PCS I = Weos
b C“I
= —
Ik 4+ TFT PORMER MPUT
oo T
A0 (=] * = Vi
FLTE o _L
LM - ] QEI
DGO EF A0D L T =
L L L

Key Features

Four LED Current Sinks at up to
150mA each

Boost/SEPIC Backlight Controller
(external NMOS switch)

I>C Control/Diagnostic Interface
40-lead 6x6mm TQFN Package
LED Phase-Shift Dimming

Diagnostics/Control via 12C

Individual String Current Adjustment
POS, NEG, GVDD, GVEE Voltage
Adjustment

Flexible Sequencing
Overtemperature Indication & Pre-
warning at 125°C

LED Boost OV & UV, UV on other
Outputs

Open and Shorted LED Diagnostics
Select switching frequency (420kHz
or 2.1MHz & Enable/Disable Spread
Spectrum

I)\‘: I
-y
egraved..



16x 100mA Channels with Independent SPI control
10 Devices can be “Daisy-chained” on one SPI
17V Rating on OUT1-OUT16
Robust and low EMI

* Programmable Spread Spectrum on PWM

Outputs

* Programmable Output Delays
Relative Dimming Ratio Between Strings Up to
32,768:1 @ PWM=100Hz
Complete Diagnostics: LED Open/Short Detection &
Protection
Over-voltage Protection for External Converter
Thermal Warning
Thermal Shutdown
Compact TQFN32 5x5mm Package
AEC-Q100, Temp Range: -40°C to +125°C

= |nstrument Clusters

* Center Infotainment Display

el
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MAX21610: Local Dimming LED Driver for Automotive Display
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