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MAX20412

General Description

The MAX20412 is a dual-output, high-efficiency, synchro-
nous step-down controller IC that operates with a 3.0V to
5.5V input voltage range and provides a 0.25V to 1.275V
output voltage range. The controller architecture enables
up to 30A of load current per phase. Channel 1 has an op-
tion to operate with two phases to deliver higher load cur-
rent, making this device ideal for automotive point-of-load
(PolL) and post-regulation applications.

The IC achieves +2% output error over load, line, and
temperature ranges. The IC features a 2.2MHz/1.1MHz
fixed-frequency PWM mode for better noise immunity and
load-transient response, and a pulse-frequency modula-
tion mode (skip) for increased efficiency during light-load
operation. The 2.2MHz frequency operation allows the
use of all-ceramic capacitors and minimizes external com-
ponents. The programmable spread-spectrum frequency
modulation minimizes radiated electromagnetic emis-
sions.

The MAX20412 is offered with factory-preset output volt-
ages (see the Selector Guide for options). The 12C inter-
face supports dynamic voltage adjustment with program-
mable slew rates for each channel. Other features include
programmable soft-start, overcurrent, and overtempera-
ture protections.

Applications

e Automotive

Ordering Information appears at end of data sheet.

Automotive Low-Voltage, 2-Channel Step-Down

Controller

Benefits and Features

e 2-Channel, High-Efficiency DC-DC Controller in a
Small Solution Size
» 3.0V to 5.5V Operating Supply Voltage
* OUT1 Supports 60A (with Two Phases)
» OUT2 Supports 30A

e High-Precision Regulator for Applications Processors
» 2% Output-Voltage Accuracy
+ Differential Remote-Voltage Sensing
+ 12C-Controlled Output Voltage: 0.25V to 1.275V in
6.25mV Steps
+ Excellent Load-Transient Performance
* Programmable Compensation

e Low-Noise Features Reduce EMI
e 2.2MHz or 1.1MHz Operation
» Spread-Spectrum Option
* Frequency-Synchronization Input/Output
+ Current-Mode, Forced-PWM, and Skip Operation

e Robust for the Automotive Environment

Individual Enable Inputs and PGOOD Outputs
Low Rps(on) External MOSFETs
Overtemperature and Short-Circuit Protection
32-Pin (5mm x 5mm) TQFN with Exposed Pad
-40°C to +125°C Operating Temperature Range
AEC-Q100 Qualified
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MAX20412 Automotive Low-Voltage, 2-Channel Step-Down

Typical Operating Circuit
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MAX20412 Automotive Low-Voltage, 2-Channel Step-Down

Controller
Absolute Maximum Ratings
PV1, PV21t0 PGND_ ....ccoiiiiiiiiieceeeee e -0.3V to +6V PWMAIX 10 GND.....ooiiiieiiieeee e -0.3Vto PV + 0.3V
PV 0 GND ..ottt -0.3V to +6V GND t0 PGND ... -0.3V to +0.3V
EN_,RS_+, RS -, SYNCto GND.................. -0.3V to PV + 0.3V Output Short-Circuit Duration...........ccccoeoeeieeniienene Continuous
PG_, ADDR, SDA, SCLt0 GND.......ccevveerireeeieeennn. -0.3V to +6V Continuous Power Dissipation (Tpa = +70°C) (Multilayer Board)
DH_ t0 LX_eiiiiieeieeeeeeee e -0.3Vto BST_ + 0.3V 32-Pin TQFN (derate 34.5mW/°C above +70°C).....2758.6mW
DL_to PGND_ ..coiiiieieee e -0.3Vto PV_+0.3V Operating Temperature Range..............ccccccuee..e. -40°C to +125°C
BST_ 10 LX ittt -0.3V to +6V Junction Temperature ...........ccooeeiiiiicnieeee e +150°C
LX_ 1O PGND ..ot -2V to +6V Storage Temperature Range ............... -65°C to +150°C
CS1+1t0 CS1-, CS2+t0 CS2- ..., -0.3V to +0.3V Lead Temperature (soldering, 10S).......cccccevviieereniinennnns +300°C

CS_-, CSIX+ 10 GND ....cevriiiiieeriieiceeiee -0.3Vto PV + 0.3V Soldering Temperature (reflow) ...........ccccociveinieiecnennen. +260°C
Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation of the

device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

Package Information

32 TQFN-EP
Package Code T3255+6C
Outline Number 21-0140
Land Pattern Number 90-0603
32 TQFN
THERMAL RESISTANCE, SINGLE-LAYER BOARD
Junction to Ambient (84) 36°C/W
Junction to Case (6,¢) 3°C/W

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages.
Note that a “+”, “#”, or “-” in the package code indicates RoHS status only. Package drawings may show a different
suffix character, but the drawing pertains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a
four-layer board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/
thermal-tutorial.

Electrical Characteristics

(Vpy = Vpy =5V, Tp =Ty =-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C under normal conditions,
unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Range VIN Fully operational 3.0 55 Vv
UVLO y Rising 29 3 Vv

IN_UVLO  I"Falling 26 2.7
UVLO Hysteresis VIN_UVLOH 200 mV
_ N 1 EN1 = high, EN2 = low, CS1X+ = Vpy_ 570
Supply Current (Skip - (Note 2) uA
Mode = = hi =

) N2 §)N1 EN2 = high, CS1X+ = Vpy (Note 1100
Shutdown Supply _ _

Current ISHDN EN1 = EN2 = low 5 10 pA
PWM Switching fsw CONFIG.FSW =0 2.0 22 24 MHz
Frequency fsw11 CONFIG.FSW = 1 1.0 1.1 1.2
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MAX20412

Automotive Low-Voltage, 2-Channel Step-Down

Electrical Characteristics (continued)

(Vpv = Vpy =5V, Tp =Ty =-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C under normal conditions,
unless otherwise noted.) (Note 1)

Controller

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Spread Spectrum SS CONFIG.SS =1 +3 %
Ves =0100.8 x Vi (Note 3), ) o
VOUT_ | 30V Vpy <55V, 0.80V to 1.275V 2 *2 %
Voltage Accuracy v ot _O 8 x V1 (Note 3)
cs = 0 V.o X VLM ote J), _
VOUT L | 30V Vpy <55V, 0.25V to 0.79V 15 *15 mv
High-Side Output Drive Rusp Hs | Rising 2.0 o
Resistance RHsD Ls Falling 15
Low-Side Output Drive RLsp Hs | Rising 1.5 o
Resistance RLsD Ls Falling 13
Vi Measured across Vcg , DCR gain = 16 69 71 74
Peak Current-Limit LIM1 Measured across Vcg , DCR gain = 32 43 45 47 v
= m
Threshold VM2 Measured across Vcs , DCR gain = 32 35 37 39
Viiv4 Measured across Vcg , DCR gain = 16 81 83 87
Measured across Vgs (Note 2), DCR
o . — 10
gain = 32, 4 options
Measured across Vgg (Note 2), DCR 8
. gain = 32, 4 options
Skip Current Threshold Vskip mV
Measured across Vgg (Note 2), DCR 6
gain = 16, 4 options
Measured across Vgg (Note 2), DCR 4
gain = 16, 4 options
Maximum Duty Cycle DCmax PWM mode 90 %
Minimum On-Time tMINON 35 ns
LX Leakage Current ILKG LX VIN =6V, LX=PGND or PV, Tp = +25°C 0.1 A
OUT2 Phase Shift PHouTt2 OUT1 in single phase 180 Degrees
CS_- Pulldown _
Resistance Res_Pp VEn_=0V 5 Q
THERMAL OVERLOAD
Thermal-Shutdown . o
Temperature TSHDN T rising 165 C
Hysteresis THYS_SHDN 15 °C
POWER GOOD
Rising, percentage of nominal output,
THOVR blanked during slewing 104 108 12
PG_ OV Threshold Eall : r = outout %
alling, percentage of nominal output,
THovF blanked during slewing 102 108 "1
Rising, percentage of nominal output,
THUVR blanked during slewing 88 92 96
PG_ UV Threshold Fall : : ral outout %
alling, percentage of nominal output,
THuvF blanked during slewing 89 92 95
Active Timeout Period tHoLD 256 Cycles
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MAX20412

Automotive Low-Voltage, 2-Channel Step-Down
Controller

Electrical Characteristics (continued)

(Vpv = Vpy =5V, Tp =Ty =-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C under normal conditions,
unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
g;gv Propagation LT 5 us
SE:E:;tH@h-Leakage ILKG_PG 1 uA
PG_ Output Low Level VoL PG 3.0V £ Vpy £ 5.5V, sinking -2mA 0.2 \Y
DIGITAL INPUT (ADDR, EN_)

Input High Level A 1.5 \%
Input Low Level ViL 0.5 V
Input Hysteresis ViHYS 0.1 Vv
E':r—re'gtp“t Leakage ke EN. |OVSViNS55Y 1 uA
PWM1X

Output High VoH_PWM Vpy = 5.0V, Isoyrce = 3mA 4.2 V
Output Low VoL pwM IsiNk = 3mA 0.4 Vv
DIGITAL INPUT (SYNC)

Input High Level VIH_SYNC 1.8 Vv
Input Low Level VIL_SYNC 0.4 Vv
SYNC Input Pulldown Rpp_syNC 100 kQ
Sync Input Frequency fsyne CONFIG.FSW =0 1.8 2.6 MHz
Range fSYNC11 CONFIG.FSW = 1 0.9 1.3

SYNC OUTPUT (CONFIG.SO[1:0] = 10)

Output Low VoL _SYNC IsiNK = 3mA 0.4 Vv
Output High VoH _sync | Vpv = 5.0V, IsourcE = 3mA 4.2 \%
DIGITAL INPUT (SCL, SDA)

Input High Level VIH_I2C 1.2 V
Input Low Level VIL 12C 0.5 \%
Input Hysteresis VIHYS I2C 0.1 Vv
Input Leakage Current ILkG I2C 0V <V|Ns5.5V 0.1 HA
I2C INTERFACE

Clock Frequency fscL 34 MHz
g?t:gTT ime, Repeated tsussTa | (Note 2) 160 ns
g_?fl:\;l:ll_me, Repeated tHD:STA (Note 2) 160 ns
SCL Low Time tLow (Note 2) 160 ns
SCL High Time tHIGH (Note 2) 60 ns
Data Setup Time tsU-DAT (Note 2) 10 ns
Data Hold Time tHD:DAT (Note 2) 0 70 ns
aotup Time for STOP tsussTo | (Note 2) 160 ns
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MAX20412

Automotive Low-Voltage, 2-Channel Step-Down
Controller

Electrical Characteristics (continued)

(Vpv = Vpy =5V, Tp =Ty =-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C under normal conditions,
unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Spike Suppression tss 12c 20 ns
SDA Output Low VoL sbA Isink = 13mA 0.4 Vv

Note 1: All units are 100% production tested at +25°C. All temperature limits are guaranteed by design.
Note 2: Vcs =(Vgs_+) - (Ves_-)-
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MAX20412

Automotive Low-Voltage, 2-Channel Step-Down

Typical Operating Characteristics
(Ta = +25°C, unless otherwise noted.)
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MAX20412

Automotive Low-Voltage, 2-Channel Step-Down

Typical Operating Characteristics (continued)
(Ta = +25°C, unless otherwise noted.)
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MAX20412 Automotive Low-Voltage, 2-Channel Step-Down

Controller
Typical Operating Characteristics (continued)
(Ta = +25°C, unless otherwise noted.)
SYNC FUNCTION (OUTPUT) DVS RISING 0.8V TO 1.2V DVS FALLING 1.2V TO 0.8V

SO0 =10b (10A LOAD) (10A LOAD)

toct toc20 toc21

M“H”r”ﬂw”
VSYNCJMMWJLJHHMZVMW

" o I ™ M " M ™

Mo ‘ . 200mV/div 200mV/div
‘ Vour 800mV Vour 800mV
VPP P 4 RO B ey - OFFSET - OFFSET
400ns/div 10ps/div 10ps/div
Pin Configuration
+ >
TOP VIEW o o X K 5 9
w v oz O a = =
(&] o o w o << o ow
{24 123 122 (21 (20 |19 |18 |17
estefs 116 | Lx2
PG1 |26 115 | oH2
PGND1 |27 14 | BST2
DL1 28 MAX20412 }]57 PV2
Pvi |29 112 |pL2
BST1 |30 {11 | PGND2
oHi[31 L ep-ono | |10 |PG2
- - PRu—
LX1]32 | 19 |cCs2+
12034 5 617 (8
2E538 858
TQFN
(5mm x 5mm)
Pin Description
PIN NAME FUNCTION
1 GND Analog Ground
Analog Input Supply. Connect a 1uF ceramic capacitor from PV to GND. Connect PV to PV1 and
2 PV .
PV2 through a 10Q resistor.
3 SDA I2C Data I/0
4 SCL I2C Clock Input
5 EN2 Active-High Digital Enable Input for DCDC2. Drive EN2 high for normal operation. Connect EN2 to
GND if DCDC2 is not used.
6 RS2- DCDC2 Remote Voltage-Sense Negative Input
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MAX20412 Automotive Low-Voltage, 2-Channel Step-Down

Controller
Pin Description (continued)
PIN NAME FUNCTION
7 RS2+ DCDC2 Remote Voltage-Sense Positive Input
8 cS2- Current-Sense Negative Input for DCDC2. Connect CS2- to the negative side of the current-sense
element.
9 CS2+ Current-Sense Positive Input for DCDC2. Connect CS2+ to the positive side of the current-sense
element. See the Current-Limit/Short-Circuit Protection section.
Open-Drain DCDC2 Reset Output. This output remains low for 120us after the output has reached
10 PG2 its regulation level (see the Electrical Characteristics table). To obtain a logic signal, pull up PG2
with an external resistor.
11 PGND2 Power Ground for DCDC2
12 DL2 Low-Side Gate Drive for DCDC2
13 PV2 Input-Voltage Pin for DCDC2. Bypass this pin with enough input capacitance to supply current to
the buck controller. Connect PV1 and PV2 together externally. See the Input Capacitor section.
14 BST2 Bootstrap Capacitor for High-Side Driver of Buck 2. Connect a 0.1pF from LX2 to BST2.
15 DH2 High-Side Gate Drive for DCDC2
16 LX2 Inductor Connection for DCDC2. Connect LX2 to the switched side of the inductor. LX2 serves as
the lower supply rail for the DH2 high-side gate driver.
SYNC I/0. When configured as an input, connect SYNC to GND or leave unconnected to enable
17 SYNC skip-mode operation under light loads. Connect SYNC to PV or an external clock to enable fixed-
frequency, forced-PWM mode operation. When configured as an output, connect SYNC to other
devices’ SYNC inputs.
PWM Output for Optional Second Phase of DCDC1. Connect to the MAX15492 PWM pin. If
18 PWM1X
unused, leave PWM1X unconnected.
19 ADDR I2C Address Select. Connect to GND or PV to select between two different I2C addresses. See the
Selector Guide for default 12C settings.
20 CS1X+ Current-Sense Positive Input for the 2nd Phase of DCDC1. Connect CS1X+ to the positive side of
the current-sense element. To disable phase 2, short CS1X+ to PV.
21 EN1 Active-High, Digital Enable Input for DCDC1. Drive EN1 high for normal operation. Connect EN1 to
GND if DCDCH1 is not used.
22 RS1- DCDC1 Remote Voltage-Sense Negative Input
23 RS1+ DCDC1 Remote Voltage-Sense Positive Input
24 csi- Current-Sense Negative Input for DCDC1. Connect CS1- to the negative side of the current-sense
element.
25 CS1+ Current-Sense Positive Input for DCDC1. Connect CS1+ to the positive side of the current-sense
element. See the Current-Limit/Short-Circuit Protection section.
Open-Drain DCDC1 Reset Output. This output remains low for 120us after the output has reached
26 PG1 its regulation level (see the Electrical Characteristics table). To obtain a logic signal, pull up PG1
with an external resistor.
27 PGND1 Power Ground for DCDC1
28 DL1 Low-Side Gate Drive for DCDC1
29 PV Input-Voltage Pin for DCDC1. Bypass this pin with enough input capacitance to supply current to
the buck controller. Connect PV1 and PV2 together externally. See the Input Capacitor section.
30 BST1 Bootstrap Capacitor for High-Side Driver of DCDC1. Connect a 0.1uF from LX1 to BST1.
31 DH1 High-Side Gate Drive of DCDC1
Inductor Connection for DCDC1. Connect LX1 to the switched side of the inductor. LX1 serves as
32 LX1 . ; ; .
the lower supply rail for the DH1 high-side gate driver.
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MAX20412 Automotive Low-Voltage, 2-Channel Step-Down
Controller

Pin Description (continued)

PIN NAME FUNCTION

Exposed Pad. Connect EP to ground. Connecting the exposed pad to ground does not remove the
requirement for proper ground connections to PGND1, PGND2, and GND. The exposed pad is
attached with epoxy to the substrate of the die, making it an excellent path to remove heat from the
IC.

— EP

Internal Block Diagram

2x CURRENT-SENSE
AMP
; CcSt+
cst-
SKIP CURRENT
COMP BST1
CTLK > Py BST
RAMP EE?A';CURRENT DH1
GENERATOR
.
R N RO L
PWWM | CHANNEL 1 ONL |
_COMP : PWMIX |
—»  CONTROL : CS AMP |
LOGIC 3 cs1- Cstx+ |
PV1
¢ PV1
VID[6:0]  VREF I DL1
7-BIT DAC EAMP PGND1
PGND
+ LN
RS1+ + PG1 FPWM CLK
RS1- B %’«vmm
VOLTAGE TRIMBITS
—» CLK REFERENCE | VREF
SYNC »  0SC |—m CLKI80 Lo
- FPWM PV
PG
EN1 > ;E PG
EN2 > MAN 1
ScL » CONTROL
SDA »  LOGIC GND
ADDR >
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MAX20412 Automotive Low-Voltage, 2-Channel Step-Down
Controller

Detailed Description

The MAX20412 is a dual-output, high-efficiency synchronous step-down controller IC that operates with a 3.0V to 5.5V
input voltage range and provides a 0.25V to 1.275V output voltage range. The IC delivers up to 30A of load current
per channel and achieves +2% output error over load, line, and temperature ranges. The IC can operate as a 2-phase
controller to deliver currents of up to 60A.

The PWM input forces the IC into either a 2.2MHz fixed-frequency PWM mode, or a low-power pulse-frequency
modulation mode (skip). Optional spread-spectrum frequency modulation minimizes radiated electromagnetic emissions
due to the switching frequency. The 12C-programmable synchronization 1/0 (SYNC) enables system synchronization.

The IC is offered with a factory-preset output voltage that is dynamically adjustable through the 12C interface. The output
voltage can be set to any desired value between 0.25V and 1.275V.

Additional features include fixed power-good delay, adjustable soft-start and DVS rate, overcurrent, and overtemperature
protections (Internal Block Diagram).

I12C Interface

The IC features an |12C, 2-wire serial interface consisting of a serial-data line (SDA) and a serial-clock line (SCL). SDA
and SCL facilitate communication between the IC and the master at clock rates up to 3.4MHz. The master, typically a
microcontroller, generates SCL and initiates data transfer on the bus. Figure 1 shows the 2-wire interface timing diagram.

A master device communicates to the IC by transmitting the proper address followed by the data word. Each transmit
sequence is framed by a START (S) or Repeated START (Sr) condition and a STOP (P) condition. Each word transmitted
over the bus is 8 bits long and is always followed by an acknowledge clock pulse.

The IC’s SDA line operates as both an input and an open-drain output. A pullup resistor greater than 500Q is required
on the SDA bus. The IC’s SCL line operates as an input only. A pullup resistor greater than 500Q is required on SCL if
there are multiple masters on the bus, or if the master in a single-master system has an open-drain SCL output. Series
resistors in line with SDA and SCL are optional. The SDA and SCL inputs suppress noise spikes to assure proper device
operation, even on a noisy bus.

Bit Transfer

One data bit is transferred during each SCL cycle. The data on SDA must remain stable during the high period of the
SCL pulse. Changes in SDA while SCL is high are control signals (see the STOP and START Conditions section). SDA
and SCL idle high when the 12C bus is not busy.

=\ [ 4

I
tsu, DAT—  [-— i

START CONDITION REPEATED START STOP START
CONDITION CONDITION ~ CONDITION

Figure 1. 12c Timing Diagram

STOP and START Conditions

A master device initiates communication by issuing a START condition. A START condition is a high-to-low transition
on SDA with SCL high. A STOP condition is a low-to-high transition on SDA while SCL is high (Eigure 2). A START (S)
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MAX20412 Automotive Low-Voltage, 2-Channel Step-Down
Controller

condition from the master signals the beginning of a transmission to the device. The master terminates transmission, and
frees the bus, by issuing a STOP (P) condition. The bus remains active if a Repeated START (Sr) condition is generated
instead of a STOP condition.

The device recognizes a STOP condition at any point during data transmission, unless the STOP condition occurs in the
same high pulse as a START condition.

Clock Stretching

In general, the clock-signal generation for the I2C bus is the responsibility of the master device. The 12C specification
allows slow slave devices to alter the clock signal by holding down the clock line. The process in which a slave device
holds down the clock line is typically called clock stretching. The MAX20412 IC does not use any form of clock stretching

to hold down the clock line.
— — —
SDA

Figure 2. START, STOP, and Repeated START Conditions

-——»
w
@
--- 0

I12C General Call Address

The IC does not implement the 12C specifications’ “general call address.” If the device sees the general call address
(Ob0000_0000), it does not issue an acknowledge.

Slave Address

Once the device is enabled, the I2C slave address is set by the ADDR pin (Table 1). Each output channel has a unique
slave address. The address is defined as the 7 most significant bits (MSBs), followed by the R/W bit. Set the R/W bit to
1 to configure the IC to read mode. Set the R/W bit to 0 to configure the IC to write mode. The address is the first byte of
information sent to the devices after the START condition.

Table 1. I12C Slave Addresses

ADDR PIN A6 A5 A4 A3 A2* A1* A0 WRITE READ
0 0 1 1 1 0 0 0 0x70 0x71
1 0 1 1 1 0 0 1 0x72 0x73
0 0 1 1 1 0 1 0 0x74 0x75
1 0 1 1 1 0 1 1 0x76 0x77
0 0 1 1 1 1 0 0 0x78 0x79
1 0 1 1 1 1 0 1 0x7A 0x7B

*See the Selector Guide for default settings.

Acknowledge

The acknowledge bit (ACK) is a clocked 9th bit that the device uses to handshake receipt each byte of data (Figure
3). The device pulls down SDA during the master-generated 9th clock pulse. The SDA line must remain stable and
low during the high period of the acknowledge clock pulse. Monitoring ACK allows for detection of unsuccessful data
transfers. An unsuccessful data transfer occurs if a receiving device is busy or if a system fault has occurred. In the event
of an unsuccessful data transfer, the bus master can reattempt communication.
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CLOCK PULSE FOR
START ACKNOWLEDGMENT

CONDITION
SCL 1 2 8 9

NOT ACKNOWLEDGE

oy

ACKNOWLEDGE

Figure 3. Acknowledge Condition

Write Data Format

A write to the device includes transmission of a START condition, the slave address with the write bit set to 0, one byte
of data to the register address, one byte of data to the command register, and a STOP condition. Figure 4 illustrates the
proper format for one frame.

WRITE BYTE
SLAVE WRITE REGISTER
5 ADDRESS R ADDRESS R DATA Bl P
WRITE MULTIPLE BYTES
SLAVE WRITE REGISTER REGISTER REGISTER
5 ADDRESS A ADDRESS A DATA1 A ADDRESS A DATA2 ADDRESS A DATA2
READ BYTE
SLAVE WRITE REGISTER SLAVE READ
5 ADDRESS R ADDRESS g s ADDRESS R DAL NA P
READ SEQUENTIAL BYTES
SLAVE WRITE REGISTER SLAVE READ
5 ADDRESS R ADDRESS @y s ADDRESS R DA DA NA P
Figure 4. Data Format of I2C Interface
LEGEND
D MASTER TO SLAVE D SLAVE TO MASTER
1 7 11 8 1 8 I 1 <_NEI\EA”BTER
N I N N B ||||||,/AORPOR\\OS
S SLAVE ADDRESS 0]A REGISTER POINTER A DATA 7 )
pres \ nA Sr /
N T O | T T [ e B AN o/
e ! THE DATA IS LOADED INTO /
/,// | THE TARGET REGISTER /
//’::/_:» —————————— i‘ ///
P [ //
//” i \~\\\\ S
7 | ~ 7/
SDA // B1 B2 Al . ;
/ 1 / NS
T ] (e
| | 1,
1 vl
scL [7\ 8\ [ k} /
<z | _-
— -

Figure 5. Write Byte Format
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Read Data Format

A read from the device includes transmission of a START condition, the slave address with the write bit set to 0, one byte
of data to the register address, a restart condition, the slave address with the read bit set to 1, one byte of data to the
command register, and a STOP condition. Figure 4 illustrates the proper format for one frame.

Writing to a Single Register
Figure 5 shows the protocol for the 12C master device to write one byte of data to the MAX20412. This protocol is the

same as the SMBus specification’s “write byte” protocol.
The “write byte” protocol is as follows:

The master sends a START command (S).

The master sends the 7-bit slave address followed by a write bit (R/W = 0).

The addressed slave asserts an acknowledge (A) by pulling SDA low.

The master sends an 8-bit register pointer.

The slave acknowledges the register pointer.

The master sends a data byte.

The slave updates with the new data.

The slave acknowledges or not acknowledges the data byte. The next rising edge on SDA loads the data byte into its
target register and the data becomes active.

The master sends a STOP condition (P) or a Repeated START condition (Sr).

ONOGOR~WN =

©

Writing Multiple Bytes Using Register Data Pairs

Figure 6 shows the protocol for the I2C master device to write multiple bytes to the MAX20412 using register-data pairs.
This protocol allows the I2C master device to address the slave only once and then send data to multiple registers in a
random order. Registers can be written continuously until the master issues a STOP condition.

The “writing multiple bytes using register-data pairs” protocol is not supported by the RTC functional block.
The “multiple byte register-data pair” protocol is as follows:

1. The master sends a START command.

2. The master sends the 7-bit slave address followed by a write bit.

3. The addressed slave asserts an acknowledge by pulling SDA low.

4. The master sends an 8-bit register pointer.

5. The slave acknowledges the register pointer.

6. The master sends a data byte.

7. The slave acknowledges the data byte. The next rising edge on SDA loads the data byte into its target register and
the data becomes active.

8. Steps 4-7 are repeated as many times as the master requires.

9. The master sends a STOP condition. During the rising edge of the stop-related SDA edge, the data byte that was

previously written is loaded into the target register and becomes active.
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LEGEND
D MASTER TO SLAVE |:| SLAVE TO MASTER
1 7 11 8 1 8 S NUMBER
1T 1T T 11 1T 1T 1T T T°1 T 1T 1T 1T ¥ 1 X OF BITS
s SLAVE ADDRESS ofa REGISTER POINTER X A DATAX | A
I I N T | I I N N O | I I N | ///
RW
8 1 8 U NUMBER
1T 1T 17T 1T 11 T 1T 1T 1T 1 \\\ OF BITS
REGISTER POINTER n A DATAR | A Jees
I I A I I N B S L 7
-7 a
8 1 8 S NUMBER
T 1T 17T 1T T°1 1T 1T 1T 1T J71 \\\ OF BITS
REGISTER POINTER Z A DATAZ | AlP| )
I I A I I T I N N NN o
pa— S |
! THE DATA IS LOADED INTO
B ! THE TARGET REGISTER
oA/ B1 BO Al [ B x
\ | )
st 7 8 93 1
-~ DETAL:a
3 THE DATA IS LOADED INTO
o T THE TARGET REGISTER
soa S B1 BO Ai /
=\ } :I
sl 7 8 9
T 7 DETAL:®
Figure 6. Write Register-Data-Pair Format
Table 2. Register Map
REG | BIT7 | BIT6 | BIT5 | BIT4 | BIT3 | BIT2 | BIT1 BITO |CMD |RW Pog:’z';'éf'“
ID DEV3 DEV2 DEV1 DEVO R3 R2 R1 RO 0x00 R 0x00
— — — — — — — — — 0x01 | RIW 0x00
VIDMAX | VMAX7 | VMAX6 | VMAX5 VMAX4 VMAX3 VMAX2 VMAX1 VMAXO0 | 0x02 | RIW OTP
CONFIG2 | VSKIP1 | VSKIPO | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | 0x03 | R/'W OoTP
STATUS | INTERR — VRHOT uv oV oC VMERR 0 0x04 R 0x00
CONFIG — FSW — — FPWM SS SO1 SO0 0x05 | RIW OTP
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Table 2. Register Map (continued)
REG BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O CMD | RIW POI;I:IEI;IE?N
SLEW — — — — SR3 SR2 SR1 SRO | 0x06 | RIW oTP
VID viD7 | viD6 | VID5 VID4 VID3 VID2 VID1 VIDO | 0x07 | RIW oTP
COMP ZEN GM[1:0] VA RCOMPI[3:0] 0x08 | R/'W OTP

Note: Both outputs have an identical register set, as defined below. They are accessed individually by using each
channel’s unique 12C address. Each channel has the same register set accessed through their individual 12C address
(see Table 1).

Table 3. Identification Register (ID, 0x00)

ID
BIT NO. 7 6 5 4 3 2 1 0
NAME DEV3 DEV2 DEV1 DEVO R3 R2 R1 RO
OUT1 POR 0 1 0 0 0 0 1 0
OUT2 POR 0 1 0 1 0 0 1 0
BIT BIT DESCRIPTION
Device ID:

DEV[3:0] MAX20412 OUT1 = 0x4

MAX20412 OUT2 = 0x5

R[3:0] MAX20412 Pass 3 = 0x2

Table 4. Maximum Voltage-Settings Registers (VIDMAX, 0x02)

Table 10 for VID output-voltage selections.

VIDMAX
BIT NO. 7 6 5 4 3 2 1 0
NAME VMAX7 VMAX6 VMAX5 VMAX4 VMAX3 VMAX2 VMAX1 VMAXO0
POR OoTP OoTP OTP OoTP OoTP OoTP OTP OoTP
BIT BIT DESCRIPTION
VMAX[7:0] Maximum Voltage Setting: If VID[] > VMAX]], then a fault is set and the actual voltage is capped by VMAX]|]. See

Table 5. Configuration Register (CONFIG2, 0x03)

CONFIG2
BIT NO. 7 | s 5 | 4 [ 3 [ 2 [ 1 ] o
NAME VSKIP[1:0] RESERVED
POR orp | otp o [ 1+ [ o [ o [ o | o
BIT BIT DESCRIPTION
Skip Current-Limit Configuration:
00 = 4A
01=6A
VSKIP[1:0] 10=8A
11=10A
CONFIG2[5:0] Reserved

www.analog.com
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Table 6. Status Register (STATUS, 0x04)
STATUS
BIT NO. 7 5 4 3 2 1 0
NAME INTERR VRHOT uv ov ocC VMERR 0
POR 0 0 0 0 0 0 0
BIT BIT DESCRIPTION
INTERR | Internal Hardware Error: This bit is set to ‘1’ when ATE trimming and testing is not complete.
VRHOT | Thermal-Shutdown Indication: A thermal shutdown has occurred since the last time this register was read.

uv VouT Undervoltage: This bit indicates if the output is currently under the target voltage.

ov VouT Overvoltage: This bit indicates if the output is currently over the target voltage.

oC

Vout Overcurrent: This bit indicates if an overcurrent event has occurred since the last time the STATUS register was
read.

VMERR

VouT Max Error. Set to 1 if VID[] > VOUTMAX]].

Table 7. Configuration Register (CONFIG, 0x05)

CONFIG
BIT NO. 7 6 5 4 3 2 1 0
NAME — FSW — — FPWM SS SO1 SO0
POR OTP oTP OTP OTP OTP OTP OTP OTP
BIT BIT DESCRIPTION
Switching Frequency (sets the nominal switching frequency):
FSW 0=2.2MHz
1=1.1MHz
Forced-PWM Mode:
FPWM | 0 = Mode controlled by SYNC pin. When SYNC is output, the device is always in FPWM mode.
1 = Forced-PWM Mode. Overrides the SYNC skip-mode setting when SYNC is an input.
Spread-Spectrum Clock Setting:
SS 0 = Disabled
1 =+3% spread
SYNC /O Select:
00 = Master: Input, rising edge starts cycle
SO[1:0] 01 = Master: Input, falling edge starts cycle
) 10 = Master: Output, falling edge starts cycle
11 = Unused
Table 8. Slew-Rate Register (SLEW, 0x06)
SLEW
BIT NO. 7 6 5 4 3 2 1 0
NAME — — — — SR3 SR2 SR1 SRO
POR OoTP OTP OTP OTP OTP OoTP OoTP OTP
SRI[3:0] SOFT-START SLEW RATE (mV/ps) DVS SLEW RATE (mV/us)
XXXX0000 14 14
XXXX0001 7 14
XXXX0010 34 14
XXXX0011 7
XXXX0100 34
XXXX0101 14 14

www.analog.com
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MAX20412 Automotive Low-Voltage, 2-Channel Step-Down
Controller
SR[3:0] SOFT-START SLEW RATE (mV/us) DVS SLEW RATE (mV/us)
XXXX0110 14 14
XXXX0111 7 14
XXXX1000 3.4 14
XXXX1001 3.4 34
XXXX1010 — XXXX1111 Reserved Reserved
Note: Falling DVS and power-down slew rate is -0.875mV/us.
Table 9. Output-Voltage Register (VID, 0x07)
VID
BIT NO. 7 6 5 4 3 2 1 0
NAME VID7 VID6 VID5 VID4 VID3 VID2 VID1 VIDO
POR OTP OTP OoTP OoTP OoTP OoTP oTP oTP
BIT BIT DESCRIPTION
Target Voltage Setting: VOUT ramps at the programmed DVS ramp rate until it reaches programmed the VID. See
VID[7:0] | Table 10 for VID output-voltage selections. When VID[7:0] ! = 0, VoyT = (VID[7:0] + 39) x 0.00625V.
Table 10. VID Output-Voltage Selection
VID VouT VID VOouT VID VOouT VID VOouT VID VOouT VID VOUT
0x00 OFF 0x20 0.44375 0x40 0.64375 0x60 0.84375 0x80 1.04375 0xA0 1.24375
0x01 0.25000 0x21 0.45000 0x41 0.65000 0x61 0.85000 0x81 1.05000 OxA1 1.25000
0x02 0.25625 0x22 0.45625 0x42 0.65625 0x62 0.85625 0x82 1.05625 0xA2 1.25625
0x03 0.26250 0x23 0.46250 0x43 0.66250 0x63 0.86250 0x83 1.06250 0xA3 1.26250
0x04 0.26875 0x24 0.46875 Ox44 0.66875 0x64 0.86875 0x84 1.06875 OxA4 1.26875
0x05 0.27500 0x25 0.47500 0x45 0.67500 0x65 0.87500 0x85 1.07500 0xA5 1.27500
0x06 0.28125 0x26 0.48125 0x46 0.68125 0x66 0.88125 0x86 1.08125 — —
0x07 0.28750 0x27 0.48750 0x47 0.68750 0x67 0.88750 0x87 1.08750 — —
0x08 0.29375 0x28 0.49375 0x48 0.69375 0x68 0.89375 0x88 1.09375 — —
0x09 0.30000 0x29 0.50000 0x49 0.70000 0x69 0.90000 0x89 1.10000 — —
0x0A 0.30625 O0x2A 0.50625 Ox4A 0.70625 Ox6A 0.90625 Ox8A 1.10625 — —
0x0B 0.31250 0x2B 0.51250 0x4B 0.71250 0x6B 0.91250 0x8B 1.11250 — —
0x0C 0.31875 0x2C 0.51875 0x4C 0.71875 0x6C 0.91875 0x8C 1.11875 — —
0x0D 0.32500 0x2D 0.52500 0x4D 0.72500 0x6D 0.92500 0x8D 1.12500 — —
Ox0E 0.33125 Ox2E 0.53125 Ox4E 0.73125 Ox6E 0.93125 Ox8E 1.13125 — —
OxOF 0.33750 Ox2F 0.53750 Ox4F 0.73750 Ox6F 0.93750 Ox8F 1.13750 — —
0x10 0.34375 0x30 0.54375 0x50 0.74375 0x70 0.94375 0x90 1.14375 — —
0x11 0.35000 0x31 0.55000 0x51 0.75000 0x71 0.95000 0x91 1.15000 — —
0x12 0.35625 0x32 0.55625 0x52 0.75625 0x72 0.95625 0x92 1.15625 — —
0x13 0.36250 0x33 0.56250 0x53 0.76250 0x73 0.96250 0x93 1.16250 — —
0x14 0.36875 0x34 0.56875 0x54 0.76875 0x74 0.96875 0x94 1.16875 — —
0x15 0.37500 0x35 0.57500 0x55 0.77500 0x75 0.97500 0x95 1.17500 — —
0x16 0.38125 0x36 0.58125 0x56 0.78125 0x76 0.98125 0x96 1.18125 — —
0x17 0.38750 0x37 0.58750 0x57 0.78750 Ox77 0.98750 0x97 1.18750 — —
0x18 0.39375 0x38 0.59375 0x58 0.79375 0x78 0.99375 0x98 1.19375 — —
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Table 10. VID Output-Voltage Selection (continued)

vib | vouT | vib | vouT | vib | vouT | vib | vouT | vib | vouT | viD | vout
0x19 | 0.40000 | 0x39 | 0.60000 | 0x59 | 0.80000 | 0x79 | 1.00000 | 0x99 | 1.20000 | — —
0x1A | 040625 | Ox3A | 0.60625 | Ox5A | 0.80625 | Ox7A | 1.00625 | Ox9A | 1.20625 | — —
0x1B | 041250 | 0x3B | 0.61250 | Ox5B | 0.81250 | 0x7B | 1.01250 | Ox9B | 1.21250 | — —
0x1C | 041875 | 0x3C | 061875 | Ox5C | 0.81875 | 0x7C | 1.01875 | 0x9C | 1.21875 | — —
0x1D | 042500 | 0x3D | 0.62500 | Ox5D | 0.82500 | 0x7D | 1.02500 | 0x9D | 1.22500 | — —
Ox1E | 043125 | Ox3E | 0.63125 | Ox5E | 0.83125 | Ox7E | 1.03125 | Ox9E | 1.23125 | — —
0x1F | 043750 | Ox3F | 0.63750 | Ox5F | 0.83750 | Ox7F | 1.03750 | Ox9F | 1.23750 | — —

Table 11. Compensation Register (COMP, 0x08)

COMP
BIT NO. 7 6 | s 4 3 | 2 | 1 | o
NAME ZEN GM[1:0] z RCOMP[3:0]
POR oTP otP | otp oTP orP | o | o | otP
BIT BIT DESCRIPTION
Zero Enable:
ZEN 0 = Disable feed-forward zero

1 = Enable feed-forward zero

Feed-Forward GM Selection to Set Zero Position:
00 =100pS

01 =188pS

GM[1:0] 10 = 265uS

11 =335uS

Feed-Forward Zero Adjustment:

7 0 = 300kQ: Zero at lower frequency
1 = 80kQ: Zero at higher frequency

Compensation-Resistor Selection:
0 =70kQ

1 =105kQ
2 =140kQ
3 =175kQ
4 =210kQ
5 = 245kQ
6 = 280kQ
7 = 315kQ
8 = 30kQ

9 = 65kQ
10 = 105kQ
RCOMPI[3:0] 11 = 140kQ
12 =170kQ
13 =205kQ
14 = 240kQ
15 =310kQ

PG Output

The IC features an open-drain PGOOD output that asserts when the output voltage is between the PG_UV and PG_OV
thresholds. PG_ is asserted after the power-good active-timeout period. An additional 220us (typ) PG_ delay exists
following soft-start or DVS slewing. PG_ is deasserted after a UV/OV propagation delay if the output voltage is outside
the PG_ UV/OV thresholds. Connect PG_ to a pullup supply with a 20kQ resistor.
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Soft-Start

The IC includes a programmable soft-start rate. Soft-start limits startup inrush current by forcing the output voltage to
ramp up towards its regulation point.

Dynamic Voltage Scaling

The step-down regulators feature dynamic voltage scaling (DVS) to allow loads to margin their supply voltage. DVS
registers for OUT1 and OUT2 are programmed with VID[6:0]. The slew rate during DVS is adjustable with SR[3:0] (see
Table 8). The PG_ comparator is masked to prevent false PG_ interrupts during the DVS period. 12C DVS commands
should only be issued when the output voltage is no longer slewing and is in a stable state.

Shutdown

During shutdown, the output voltage is ramped down at the 0.875mV/us slew rate. The CS- pulldown is enabled as
needed to assist in the ramp down. When powering down in skip mode under light load, the falling ramp may be based
on the RC discharge curve based on Coyt and the 5Q pulldown resistance.

Spread-Spectrum Option

The IC features spread-spectrum (SS) operation by varying the internal operating frequency down by 3%, relative to the
internally generated operating frequency of 2.2MHz (typ). This function does not apply to external sync.

Synchronization (SYNC)

SYNC is an I12C-programmable 1/0. When configured as an input and the FPWM bit = 0, driving SYNC low or
unconnected places the converter in skip mode. Forcing SYNC logic-high places the IC in forced-PWM (FPWM) mode.
Input triggering on the rising edge or falling edge is determined by the setting of registers SO[1:0], see Table 7. When
SO[1:0] = 2, SYNC is configured as an output. The output clock is 180° out-of-phase with the internal clock.

Current-Limit/Short-Circuit Protection
The current-limit circuit uses differential current-sense inputs (CS_+ and CS_-) to limit the peak inductor current. If the

magnitude of the current-sense signal exceeds the current-limit threshold (VLIM_ = 45mV (typ)), the PWM controller
turns off the high-side MOSFET.

The high side turns on again once the inductor current drops below the valley current limit. The actual maximum load
current is less than the peak current-limit threshold by an amount equal to half the inductor ripple current. Therefore,
the maximum load capability is a function of the current-sense resistance, inductor value, switching frequency, and duty
cycle (VouT/VIN)- See Figure 7 for current-sense configurations.

If the inductor current exceeds the maximum current limit programmed at CS_+ and CS_-, the respective driver turns
off. In an overcurrent mode, this results in shorter and shorter high-side pulses. A hard short results in a minimum on-
time pulse every clock cycle. During a hard short, the IC turns off and repeats soft-start every 4ms (at 2.2MHz switching
frequency) until the short is removed. For an example, see the short-circuit (PWM mode) waveform (TOC20) in the
Typical Operating Characteristics section.

PWM/Skip Modes

The IC features a SYNC input that puts both converters either in skip mode or forced-PWM mode of operation. See the
Pin Description table for mode details. In PWM mode of operation, the converter switches at a constant frequency with
variable on-time. In skip mode of operation, the converter’s switching frequency is load-dependent until the output load
reaches a certain threshold. At higher load current, the switching frequency does not change and the operating mode is
similar to the PWM mode. Skip mode helps improve efficiency in light-load applications by allowing the converter to turn
on the high-side switch only when the output voltage falls below a set threshold. As such, the converter does not switch
MOSFETSs on and off as often is the case in PWM mode. Consequently, the gate charge and switching losses are much
lower in skip mode. VID updates while the IC is in skip mode are delayed until the next LX_ switching pulse, which is
load-dependent. If immediate VID update response is required, switch the IC to PWM mode when updating the VID.
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Figure 7. Current-Sense Configurations

Dual-Phase Operation

With the addition of a MAX15492 gate-driver IC connected to PWM1X and CS1X+, OUT1 of the MAX20412 can
support two phases to increase the output current by a factor of two. The same inductor, MOSFETSs, and current-limit
network must be used on both phases to ensure proper current balancing. A total of 200uF to 600uF of ceramic output
capacitance is required per phase, depending on load-transient requirements.

Overtemperature Protection

Thermal-overload protection limits the total power dissipation in the IC. When the junction temperature exceeds +165°C
(typ), an internal thermal sensor shuts down the internal bias regulator and the step-down controller, allowing the IC to
cool. The thermal sensor turns on the IC again after the junction temperature cools by 15°C.

Lossless Inductor DCR Sensing

High-power applications that do not require highly accurate current-limit protection can reduce the overall power
dissipation by connecting a series RC circuit across the inductor with an equivalent time constant

Equations 1:

., RI
Resea = (R1 +R, JRbcr

and:
L 1 1
R =——(pt+5-
DCR CEQ(R1 Rz)
where Rgsgeq is the required current-sense resistor and RpcR is the inductor’s series DC resistance. Use the inductance
and RpcRr values provided by the inductor manufacturer.

Carefully observe the PCB layout guidelines to ensure that noise and DC errors do not corrupt the differential current-
sense signals seen by CS_+ and CS_-. Place the sense network close to the device with short, direct traces, making a
Kelvin-sense connection to the current-sense network.

High-Side Gate-Drive Supply (BST1)

The high-side MOSFET is turned on by closing an internal switch between BST1 and DH1 and transferring the bootstrap
capacitor’s (at BST1) charge to the gate of the high-side MOSFET. This charge refreshes when the high-side MOSFET
turns off and the LX1 voltage drops down to ground potential, taking the negative terminal of the capacitor to the same
potential. At this time, the bootstrap diode recharges the positive terminal of the bootstrap capacitor. The selected
n-channel high-side MOSFET determines the appropriate boost-capacitance values (Cggt in the Typical Operating
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Circuit) according to the following equation.

Equation 2:
Qg
AVBsT1

where Qg is the total gate charge of the high-side MOSFET and AVgsT1 is the voltage variation allowed on the high-side
MOSFET driver after turn-on. Choose AVggT4 such that the available gate-drive voltage is not significantly degraded
(e.g., AVBsT1 = 100mV to 300mV) when determining CpsT .

The boost capacitor should be a low-ESR ceramic capacitor. A minimum value of 100nF works in most cases. CggT2 is
calculated using the same method described for CggT1.

Cgst_=
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Applications Information

Input Capacitor

The input filter capacitor reduces peak currents drawn from the power source and reduces noise and voltage ripple on
the input caused by the circuit’s switching.

The input capacitor RMS current requirement (Irps) is defined by the following equation.
Equation 3:

WVout(Vev_~Vour)

Vev_
IRms has a maximum value when the input voltage equals twice the output voltage (Vpy_ = 2Voyrt), 0 IRMS(MAX) =
ILOAD(MAX)/2.

Choose an input capacitor that exhibits less than +10°C self-heating temperature rise at the RMS input current for optimal
long-term reliability.

Irms = ILoAD(MAX)

The input-voltage ripple is comprised of AVq (caused by the capacitor discharge) and AVggR (caused by the ESR of
the capacitor). Use low-ESR ceramic capacitors with high ripple-current capability at the input. Assume the contribution
from the ESR and capacitor discharge equal to 50%. Calculate the input capacitance and ESR required for a specified
input-voltage ripple using the following equations.

Equations 4:
AVEsR
Al
L
lout* 5

ESR|N =

_ Vpv ~Vout)* Vour
Vpv_*fsw*L

o - lour=0(i-0)
N AV xfgw

and:
_ Your
Vev_
louT is the maximum output current, D is the duty cycle.

Inductor Selection
Three key inductor parameters must be specified for operation with the MAX20412: inductance value (L), inductor
saturation current (IsaT), and DC resistance (RpcRr). Use the following formula to determine the minimum inductor value:

Equation 5:

Vout )
VPvmAX
*louTMAX * KINDMAX
where fg\y1 is the operating frequency and 1.3 is a coefficient that accounts for inductance initial precision. Kinpmax is

the maximum inductor current ripple. A good initial maximum inductor current ripple is 30% peak to peak (KiNDMAX =
0.3).

For proper operation, the chosen inductor value must be = Ly Nn- The maximum inductor value recommended is twice
the chosen value from the above formula.

(Vevmax = VouT) > (
Lyin=1.3x%[
MIN o
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MOSFET Selection

The gate drivers drive two external logic-level n-channel MOSFETSs as the circuit switch elements. To choose these
MOSFETSs, the key selection parameters are:

e Drain-to-Source On-Resistance (Rps(on))
Maximum Drain-to-Source Voltage (Vps(vAXx))
Minimum Threshold Voltage (VTH(mIN))

Total Gate Charge (Qg)

Reverse Transfer Capacitance (Crss)

Power Dissipation

Both n-channel MOSFETs must be logic-level types with guaranteed on-resistance specifications at Vgg = 4.5V. The
conduction losses at minimum input voltage should not exceed the MOSFET package thermal limits or violate the overall
thermal budget. Also ensure that the conduction losses, plus switching losses at the maximum input voltage, do not
exceed package ratings or violate the overall thermal budget. In particular, check that the dV/dt caused by DH__ turning on
does not pull up the DL_ gate through its drain-to-gate capacitance. This is the most frequent cause of cross-conduction
problems.

Gate-charge losses are dissipated by the driver and do not heat the MOSFET; therefore, the power dissipation in the IC
due to drive losses must be checked. Both MOSFETs must be selected so that their total gate charge is low enough;
thus, Py/VoyTt can power both drivers without overheating the IC.

Equation 6:

Pprive = Vout * (QgtoTH + QaToTL) * fswi

Where QgToTL is the low-side MOSFET total gate charge and QgToTH is the high-side MOSFET total gate charge.
Select MOSFETSs with a Qg_ToTAL Of less than 15nC.

The n-channel MOSFETs must deliver the average current to the load and the peak current during switching. Dual
MOSFETSs in a single package can be an economical solution. To reduce switching noise for smaller MOSFETS, use a
series resistor in the DH_ path and additional gate capacitance. Contact the factory for guidance using gate resistors.

Output Capacitor

Use low-ESR ceramic capacitors on the output. Other capacitor types should be verified with a gain and phase analysis.
The MAX20412’s programmable compensation (as seen in the Selector Guide) allows a wide range of capacitor values
to meet different requirements. A good starting point for selecting the value is with the following formula.

Equation 7:
R
C(HF) = 12 x (—gx2) % louT(max)

Selector Guide

OPTION Vout1 (V) Vourz (V)

SUFFIX | VvMAX | CONFIG VvID SLEW | COMP | 12C VMAX | CONFIG VID SLEW | COMP | 12C
ave | X ox0s | 20D | ox00 | 0xE0 [ox7a | X | 0x08 | XOP | 0x00 | OxEO | 0x70
CIV+ (?g%%/ 0x08 (?’;551/ 0x00 | OXE9 | Ox74 (%R/ 0x08 09;25?V 0x00 | OXEO | 0x70
ove | XIS | e | TS| ox03 | oxes |oxr0 | KT | oxoc | X7V | 0x03 | oxE6 | 0x74
Ev+ | D8 008 | 0t | ox00 | oxE0 |ox74 | %8S | oxos | 5P| 0x00 | 0xEO | 0x70
Fve | Q%0 1 oo | X3 | oxoo | oxE [oxza | X0 | oxos | 1| oxo0 | oxE9 | 0x70
ave | 28U ooc | XIS oxoo | oxeo |oxza| 8| ooc | 7O | ox00 | oxEO | 0x70
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0x74 0x6C 0x74 0x6C
HV+ | gsa7sy | OX0C | g gqg7sy | OX00 | OXEO | OX74 | o oeorny, | OXOC | g gianry, | 0X00 | OXEO | OX70
For variants with different options, contact factory.
Ordering Information
PART TEMP RANGE PIN-PACKAGE
MAX20412ATJ_/V+ -40°C to +125°C 32 TQFN-EP*

Note: Insert the desired option suffix from the Selector Guide into the blank.
/V Denotes an automotive-qualified part.
+Denotes a lead(Pb)-free/RoHS-compliant package.

*EP = Exposed pad.

www.analog.com
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Revision History
ooy | R
0 6/18 Initial release —
1 9/18 Added future product D/V+ variant to Selector Guide 28
2 10/18 Replaced VQUT1 and VOUT?2 content for future product D/V+ variant in 28
Selector Guide
3 11/18 Removed future-product designation from D/V+ variant in Selector Guide 28
4 2/20 Updated the land pattern number in Package Information 3
5 7/20 Updated Internal Block Diagram and Applications Information 12,27
6 8/22 Updated Selector Guide 25, 26
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