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MAX77540

General Description

The MAX77540 is a high-efficiency step-down converter
with two 3A switching phases. It uses an adaptive COT
(constant on-time) current-mode control architecture and
the two 3A switching phases can be configured as either
one (29, 6A) or two (1®, 3A each) outputs. Its wide input
voltage range enables a direct conversion for sub-1V out-
puts from 3-cell Li+ batteries, USB PD, and 12Vp¢ supply
rails. The output voltages are preset with resistors and
are further adjustable through an 12C-compatible interface.
With 94% peak efficiency, low quiescent current, and com-
pact solution size, the MAX77540 is ideal for battery pow-
ered, space-constraint equipment.

Programmable switching frequency, frequency tracking,
spread-spectrum, and ultrasonic mode allow easier sys-
tem optimization for noise-sensitive applications. Dedicat-
ed EN, POK, and FPWMB pins provide options for direct
hardware control, while more programmable options, such
as soft-start/stop and ramp-up/down slew-rates, are avail-
able through 12C. An array of built-in protections insures
safe operation under abnormal operating conditions.

Applications

e 2/3-Cell Li+ and USB-C Power Delivery Systems

e Audio and Video Equipment

e Microprocessors, field-programmable gate arrays
(FPGAs), digital signal processors (DSPs), and
application-specific integrated circuits (ASICs)

e Networking and PCle®/redundant array of inexpensive
disks (RAID) Cards

Typical Applications Circuit

16V|N/6A, Dual-Phase High-Efficiency Buck

Converter

Benefits and Features

4V to 16V Input Voltage Range

0.5V to 5.2V Output Voltage Range

Resistor Configurable Default VoyT

Two 3A Bucks (1®) or One 6A Buck (29)

+0.5% VouyT Accuracy (Default VoyT at 25°C)

94% Peak Efficiency (7.6V|N, 3.3VouT, 1MHz)

Auto SKIP/PWM and Low-Power Mode

98% Max. Duty Cycle Dropout Operation

Programmable Soft-Start/Stop and Ramp-Up/Down

Slew Rates

Pre-Biased Startup and Active Output Discharge

Programmable Inductor Peak Current Limits

0.5/1.0/1.6MHz Nominal Switching Frequency

Spread-Spectrum Modulation

Internal/External Frequency Tracking

Ultrasonic Mode

Dedicated EN, POK, and FPWM Pins

Undervoltage lockout (UVLO), Thermal Shutdown,

and Short-Circuit Protection

High-Speed I12C I/F with 3-Slave Address Options

o 30-WLP (2.51mm x 2.31mm) and 24-FC2QFN (3mm x
3mm) Packages

e Less than 55mm? Total Solution Size

Ordering Information appears at end of data sheet.
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MAX77540

Absolute Maximum Ratings

SYS t0 AGND ... -0.3V to +17.6V
ALT_INtO AGND ....ooveoeeeeeeeeeeeeeeeeee e -0.3V to +6.0V
VDD 10 AGND ..o -0.3V to +2.2V
V| to PGND -0.3V to +2.2V
12C_EN to AGND .......ccoooo....... -0.3V to MIN(Vgys + 0.3, +17.6)V
EN1, EN2t0 AGND. ................ -0.3V to MIN(Vgys + 0.3, +17.6)V
INT 0 PGNDT .o -0.3V to +17.6V
IN2 10 PGND2 ... -0.3V to +17.6V
BSTX 0 LXX .o -0.3V to +2.2V
SNS1, SNS2t0 AGND .....ooovooeeseeeeeeees -0.3V to +6.0V

16V |N/6A, Dual-Phase High-Efficiency Buck

Converter
FPWM1B, FPWM2B to AGND........cccoiiieiiieeiieene -0.3V to +6.0V
POK1, POK2 t0 AGND ......coiiiiiiiriienieeeeeeene -0.3V to +6.0V
SCL, SDA, IRQB t0 AGND ......ccccoeiiiiieiieieeeene -0.3V to +6.0V
ADDR, SEL1, SEL2 to AGND.....-0.3V to MIN(Vpp + 0.3, +2.2)V
PGND1, PGND2 t0 AGND. ......ccciiiiiieieeieecieee -0.3V to +0.3V
Continuous Power Dissipation (JESD51-7, Tp = +70°C)

30 WLP (Derate 20.25mW/°C above +70°C).............. 1620mwW
Junction Temperature ..........cccoveeeeeeeiiee e +150°C
Storage Temperature Range ............ccccoeeeenne -65°C to +150°C
Soldering Temperature (reflow) .......cccccoeveevericieeiieeene +260°C

Note 1: LXx has internal clamp diodes to its corresponding PGNDx and INx. Applications that forward bias these diodes should take

care not to exceed the IC's package power dissipation limits.

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.

Recommended Operating Conditions

TYPICAL
PARAMETER SYMBOL CONDITION RANGE UNIT
Input Voltage Range VIN 410 16 \%
For continuous operation at 3A, the junction
temperature (T) is limited to +105°C. If the
Output Current Range lout junction temperature is higher than +105°C, the Oto3 A
expected lifetime at 3A continuous operation is
derated.
. -40 to o
Junction Temperature Range Ty +125 C
Note: These limits are not guaranteed.
Package Information
30 WLP
Package Code W302P2Z+1
Outline Number 21-100414

Land Pattern Number

Refer to Application Note 1891

Thermal Resistance, Four-Layer Board:

Junction to Ambient (64)

49.38°C/W

www.maximintegrated.com
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pin 1 E see Note 7
Indicator 1 Marking COMMON DIMENSONS
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DIOOOIOOO 4. Marking shown isforpackage orientation reference only.
5. Tolerance is+ 0.02 unless specified otherwise.
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B O O O O O O 7. Front - side finish can be eitherBlack or Clear.
A[OO0 0|00 @
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TLE
PACKAGE OUTLINE 30 BUMPS
BOTIOM VIEW WLP PKG. 0.4 mm PITCHW302P2Z+1
APPROVAL DOCUMENTCONTROLNO. REV. 1
- DRAWING NOTTO SCALE - | 21-100414 A

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—Top-Level

(Vsys = ViN1 = VIN2 = 12V, VouT1 = 3.3V, VouT2 = 5.0V, Single-phase Configuration (1® + 1®), Vioc gn = 1.8V, Tp =Ty = -40°C to
+125°C, typical values are at Tp = Ty = +25°C, unless otherwise noted. Note 2.)

PARAMETER | SYMBOL \ CONDITIONS | MIN TYP MAX UNITS

INPUT VOLTAGE AND SUPPLY CURRENT
SYS Voltage Range Vsvys 4 16 Vv
SYS Undervoltage VuvLo R | Vsys rising 3.8 3.9 4.0

\Y;
Lockout (UVLO) Vuvio F | Vsys falling 35 3.7 3.8
Power-On Reset (POR) .
Threshold (Note 7) VPOR Vsys falling 17 v

www.maximintegrated.com Maxim Integrated | 7
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16V |N/6A, Dual-Phase High-Efficiency Buck

Electrical Characteristics—Top-Level (continued)

(Vsys = VIN1 = VIN2 = 12V, VouT1 = 3.3V, VouT2 = 5.0V, Single-phase Configuration (1® + 1®), Vioc gn = 1.8V, Tp =Ty =-40°C to
+125°C, typical values are at Tp = Ty = +25°C, unless otherwise noted. Note 2.)

Converter

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Ta =-40°C to
Shutdown Supply Vi2c EN = VENx = +lé\5oC 1.5 5.5
ISHDN - HA
Current (Note 3) ov
Ta=+125°C 15
VALT_IN =0V, TA=-40°Cto 25 50
Standby Supply Current lsTRY EN_FTMON = 0, all | +85°C uA
(Note 3) .
Bucks are disabled | T, = +125°C 70
Quiescent Supply VALT IN = VExT = 3.3V, Vout >
Current with External o) VoUT(TARGET), both Buck phases are 10 20 pA
ALT_IN (Note 3) enabled, SKIP or LP-SKIP mode, no load
= Only one Buck
Quiescent Supply xALT—T o phaie is enabled 215 300
Current in LP-SKIP lQ LP-SKIP VOUT pA
Mode (Note 3) - OUT(TARGET): no | Both Buck phases 310 400
load are enabled
= Only one Buck
Quiescent Supply xALT_g\l ov, phaie is enabled 260 350
Current in SKIP Mode lQ SKIP VOUT pA
Note 3 - OUT(TARGET), N0 | Both Buck phases
(Note 3) load 400 500
0a are enabled
INTERNAL BIAS SUPPLY
V| Regulator Voltage Vi (Note 4) 1.8 V
Vpp Regulator Voltage Vbp (Note 4) 1.8 V
Vpp Undervoltage
Lockout (UVLO) Vop_uvLo_F | (Note4) 1.55 v
wp VaLT IN Rising, 100mV hysteresis, V| &
?r%rTe_sonWItCh Over Vswo Vpp input switches from SYS to ALT_IN 2.7 2.8 2.9 Vv
above this threshold (WLP package only)
ALT_IN Valid Voltage
Range g VALT_IN Vswo 5.5 \Y
ALT_IN Shutdown
Supply Current ISHDN_ALT_IN | Vi2C_EN = VENx = OV, VALT_IN = 3.3V 0.2 PA
THERMAL PROTECTION
Thermal Warning 1 Ty120 Ty rising, 15°C hysteresis +120 °C
Thermal Warning 2 Ty140 Ty rising, 15°C hysteresis +140 °C
Thermal Shutdown . .
T Ty rising, 15°C hysteresis +165 °C
(TSHDN) SHDN J 9 y
LOGIC INPUT AND OUTPUT
ADDR Input Logic High 0.8 x
Threshold VIH_ADDR VbD v
ADDR Input Logic Low 0.2 x
Threshold ViL_ADDR VbD v
FPWMxB Input Logic
High Threshold VIH_FPWMxB 1.44 v

www.maximintegrated.com
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Electrical Characteristics—Top-Level (continued)

(Vsys = VIN1 = VIN2 = 12V, VouT1 = 3.3V, VouT2 = 5.0V, Single-phase Configuration (1® + 1®), Vioc gn = 1.8V, Tp =Ty =-40°C to
+125°C, typical values are at Tp = Ty = +25°C, unless otherwise noted. Note 2.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
FPWMxB Input Logic
Low Threshold VIL_FPWMxB 0.54 v
12C_EN, ENXx Input
Logic High Threshold VIH_EN 11 v
12C_EN, ENXx Input
Logic Low Threshold VIL_EN 0.4 v
IRQB Output Logic Low .
Threshold VoL_IRQB Sinking 2mA 0.4 Vv
POKXx Output Logic Low _—
Threshold VoL_Pok Sinking 2mA 0.4 V
Vpp = 1.8V, Ta =+25°C -1 +0.001 +1
ADDR Leakage Current | V, =0V and A
g LKG_ADDR 1_A8?/DR Tp = +85°C +0.01 M
[2C_EN, ENx Leakage Vsys = 16V, V Ta=+25°C +0.1
Current ° kG EN | SV and 16V [T, = +g5? WA
urren an Ta=+85°C +0.5
IRQB set to Hi-Z (i.e., No Interrupt _
IRQB Leakage Current ILKG_IRQB Pending), Virgg = 0V and 5.5V 1 +1 uA
POKx Leakage Current ILKG_POK fg;éz High (Hi-Z), Vpokx = 5.5V, Ta = 1 WA

Electrical Characteristics—Dual-Phase Configurable Buck Converter

(Vsys = VIN1 = ViN2 = 12V, Single-phase Configuration (1®+1®), VoyTt1 = 3.3V, VouTt2 = 5.0V, Vioc_gn = 1.8V, TA =T =-40°C to
+125°C, typical values are at Tp = Ty = +25°C, unless otherwise noted. Note 2.)

PARAMETER ‘ SYMBOL CONDITIONS MIN TYP MAX | UNITS
INPUT SUPPLY
Input Voltage Range I VINx 4 16 | Vv
DC OUTPUT VOLTAGE AND ACCURACY
Low-range (Mx_RNG[1:0] = 0x0) 0.5 1.2
Output Voltage Range VOUT_RNG Mid-range (Mx_RNG[1:0] = 0x1) 1 2.4 \%
High-range (Mx_RNGJ[1:0] = 0x2) 2 5.2
. . 10, FPWM Mode, V|Nx = 4V to 16V, o
Line Regulation Vour = Default, louT = 0A -0.1 +0.1 %IV
Load Regulation ;;D FPWM Mode, oyt = 0A to 3A (Note 0.1 %IA

www.maximintegrated.com
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Electrical Characteristics—Dual-Phase Configurable Buck Converter (continued)

(Vsys = VIN1 = VN2 = 12V, Single-phase Configuration (10+1®), VoyT1 = 3.3V, Vout2 = 5.0V, Vioc EN = 1.8V, Tp = Ty = -40°C to
+125°C, typical values are at Tp = Ty = +25°C, unless otherwise noted. Note 2.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vourt < 0.6V 25 +2.5
0.6V =Voyt < )
10, FPWM Mod 40V " e
ode
DC Output Voltage ’ ’
AccuracF;/ 9 VouT_Acc | ViNx =4V to 16V, 4'% =Vour = -1.0 +1.0 %
lout = 0A >
Vourt = Factory
Default, Ta = -0.5 +0.5
+25°C
POWER STAGE
Mx_ILIM[1:0] = Ox0 1.10 1.50 1.90
High-Side MOSFET | Mx_ILIM[1:0] = Ox1 1.85 2.25 2.65 A
Peak Current Limit PLIM Mx_ILIM[1:0] = Ox2 255 3.00 3.45
Mx_ILIM[1:0] = 0x3 4.05 4.50 4.95
Low-Side MOSFET IPLIM -
Valley Current Limit IvLim Tracks lpLim 1A A
Low-Side MOSFET
Negative Current Limit INLIM FPWM Mode -36 2.9 22 A
Low-Side MOSFET
Zero-Crossing Current Izx SKIP or LP-SKIP Mode 150 mA
Threshold
High-Side MOSFET On- _
Resistance RON_HS 10, I xx = 190mA 50 100 mQ
Low-Side MOSFET On- _
Resistance RoN_Ls 19, I xx = -190mA 32 64 mQ
Mx_FREQ[1:0] =
0x0 0.5
FPWM Mode, No X
Nominal Switching F Load, No External Mx_FREQI[1:0] = 1 MHz
Frequency Sw Clock, Tp =+25°C | Ox1
(Note 5) Mx_FREQ[1:0] = 6
0x2 or 0x3 ’
LP-SKIP Mode 7.0 7.8 8.6
Mx_ULTRA =0
Minimum Switching . - f;;'d'zm DROPOUT | 14 ¢ 15.6 17.2 cHa
Frequency SW(MIN)
_ LP-SKIP, SKIP, or
Mx_ULTRA =1 DROPOUT Mode 90 100 110
. Dropout Region (Voyrt falls below its o
Maximum Duty Cycle Dmax regulation target) 97 98 %o

www.maximintegrated.com
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Electrical Characteristics—Dual-Phase Configurable Buck Converter (continued)

(Vsys = VIN1 = VN2 = 12V, Single-phase Configuration (10+1®), VoyT1 = 3.3V, Vout2 = 5.0V, Vioc EN = 1.8V, Tp = Ty = -40°C to
+125°C, typical values are at Tp = Ty = +25°C, unless otherwise noted. Note 2.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
1®, Buck Output disabled, Active
RAD1 Disgharge enabled (Mx_ADI$1 =1), 1
Resistance from corresponding LXx to
LX Active Discharge PGNDx o
Resistance 1, Buck Output disabled, Active
RAD100 Disgharge enabled (Mx_ADI$1OO =1), 100
Resistance from corresponding LXx to
PGNDx
B Tp =+25°C 0.6 4.5
LX Leakage Current ILKG_LX 1?\‘/\/'-)(" = 0Viand Tp = -40°C to } pA
+85°C
SLEW RATE AND TIMING
SSTRT_SR[2:0] = 0x0 0.15
SSTRT_SR[2:0] = 0x1 0.625
SSTRT_SR[2:0] = 0x2 1.25
Soft-Start Slew Rate AVouT/AL SSTRT_SR[2:0] = 0x3 25 mV/us
(Note 6) SSTRT_SR[2:0] = 0x4 5
SSTRT_SR[2:0] = 0x5 10
SSTRT_SR[2:0] = 0x6 20
SSTRT_SR[2:0] = 0x7 40
SSTOP_SR[2:0] = 0x0 -0.15
SSTOP_SR[2:0] = 0x1 -0.625
SSTOP_SR[2:0] = 0x2 -1.25
Soft-Stop Slew Rate AVouT/AL SSTOP_SR[2:0] = 0x3 25 mV/us
(Note 6) SSTOP_SR[2:0] = 0x4 -5
SSTOP_SR[2:0] = 0x5 -10
SSTOP_SR[2:0] = 0x6 -20
SSTOP_SR[2:0] = 0x7 -40
Mx_RU_SRJ[2:0] = 0x0 0.15
Mx_RU_SR[2:0] = 0x1 0.625
Mx_RU_SRJ[2:0] = 0x2 1.25
Ramp-Up Slew Rate AVouT/AL Mx_RU_SR[2:0] = 0x3 25 mV/us
(Note 6) Mx_RU_SR[2:0] = 0x4 5
Mx_RU_SR[2:0] = 0x5 10
Mx_RU_SR[2:0] = 0x6 20
Mx_RU_SRJ[2:0] = 0x7 40
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Electrical Characteristics—Dual-Phase Configurable Buck Converter (continued)

(Vsys = VIN1 = VN2 = 12V, Single-phase Configuration (10+1®), VoyT1 = 3.3V, Vout2 = 5.0V, Vioc EN = 1.8V, Tp = Ty = -40°C to
+125°C, typical values are at Tp = Ty = +25°C, unless otherwise noted. Note 2.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Mx_RD_SR[2:0] = 0x0 -0.15
Mx_RD_SRJ[2:0] = 0x1 -0.625
Mx_RD_SRJ[2:0] = 0x2 -1.25
Ramp-Down Slew Rate AVouT/AL Mx_RD_SR[2:0] = 0x3 2.5 mVis
(Note 6) Mx_RD_SR[2:0] = 0x4 -5
Mx_RD_SR[2:0] = 0x5 -10
Mx_RD_SR[2:0] = 0x6 -20
Mx_RD_SRJ[2:0] = 0x7 -40
Slew-Rate Accuracy REFDAC slew-rate accuracy -5 +5 %
Delay from risi‘ng Xlécl;s_réﬁfr;\?:#e)d 100 140
Turn-On Delay toLy edge of ENx signal V| is not pre- ps
to VouTx ramping L P
start-off enabled (I2C_EN = 435 535
low)
FREQUENCY TRACKING
External Frequency
Tiglaate | Frr | o ey sy thearro |
SPREAD-SPECTRUM
Mx_SS_FREQ[1:0] = 0x0 1
Modulation Frequency Mx_SS_FREQ[1:0] = 0x1 3
(Note 6) FSS.MOD 7SS FREQM0] = 0x2 5 Kz
Mx_SS_FREQ[1:0] = 0x3 7
Mx_SS_ENV[1:0] = 0x1 18
Modulation Envelope AFgs Mx_SS_ENV[1:0] = 0x2 +12 %
Mx_SS_ENV[1:0] = 0x3 +16
POWER-OK AND SHORT-CIRCUIT PROTECTION
?ﬁ:::g)ldl( Rising VPOK_R Expressed as a percentage of Voyt 77 82 87 %
?ﬁ:g;glg Falling VPOK_F Expressed as a percentage of VoyT 73 78 83 %
?::)er;-glrguit Detection Vscp Xfotg:;; Z:a{l/iggl;J,TExpressed as a percentage 20 %
POK_TO[1:0] = 0x1 25
?;‘:‘fg&?&gf‘;g) tpok To | POK_TO[1:0] = 0x2 50 ms
POK_TO[1:0] = 0x3 100

www.maximintegrated.com
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MAX77540

16V |N/6A, Dual-Phase High-Efficiency Buck

Electrical Characteristics—I2C Serial Interface
(Vsys =12V, Vioc EN = 1.8V, Ta = Ty = -40°C to +125°C, typical values are at Tp = Tj = +25°C, unless otherwise noted. Note 2.)

Converter

PARAMETER | symBoL | CONDITIONS MIN TYP MAX | UNITS
1/10 STAGE
SCL, SDA Input Logic
Low Threshold Vic 0.54 v
SCL, SDA Input Logic
High Threshold ViH 1.44 v
SCL, SDA Input
Hysteresis VHys 03 v
SDA Output Logic Low _—
Threshold VoL_sDA Sinking 20mA 0.4 V
SCL, SDA Input _ _ )
Leakage Current ILkG VscL = Vspa = 0V or 5.5V 10 +10 pA
SCL, SDA Pin
Capacitance (Note 7) 10 pF
TIMING (STANDARD, FAST, AND FAST-MODE PLUS)
Clock Frequency fscL 1 MHz
Hold Time (REPEATED)
START Condition tHD;STA 260 ns
SCL LOW Period tLow 500 ns
SCL HIGH Period tHIGH 260 ns
Setup Time REPEATED
START Condition 'sU;STA 260 ns
Data Hold Time tHD:DAT 0 us
Data Setup Time tsu:DAT 50 ns
Setup Time for STOP
Condition tsuisTO 260 ns
Bus Free Time between
STOP and START tBUE 0.5 ys
Condition
Input Filter Suppressed
Spike Pulse Width tsp (Note 7) 50 ns
TIMING (HIGH-SPEED MODE)
Clock Frequency fscL High-speed mode 3.4 MHz
Setup Time REPEATED t 160 ns
START Condition SU;STA
Hold Time (REPEATED) t 160 ns
START Condition HD;STA
SCL LOW Period tLow 160 ns
SCL HIGH Period tHIGH 60 ns
Data Setup Time tsu:DAT 10 ns
Data Hold Time tHD:DAT 0 us
Setup Time for STOP
Condition tsuisTO 160 ns

www.maximintegrated.com
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MAX77540 16V |N/6A, Dual-Phase High-Efficiency Buck
Converter

Electrical Characteristics—I2C Serial Interface (continued)
(Vsys =12V, Vioc EN = 1.8V, Ta = Ty = -40°C to +125°C, typical values are at Tp = Tj = +25°C, unless otherwise noted. Note 2.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Filter Suppressed
Spike Pulse Width tsp (Note 7) 10 ns

Note 2: The MAX77540 is tested under pulsed load conditions such that Tj = Ta. Limits over the operating temperature range (T
= -40°C to +125°C) are guaranteed by design and characterization using statistical process control methods. Note that the
maximum ambient temperature consistent with this specification is determined by specific operating conditions, board layout,
rated package thermal impedance, and other environmental factors.

Note 3: Supply Current = Igys + Iin1 + IIN2
Note 4: See the Dedicated Internal Supplies section.

Note 5: Switching frequency is not set by a clock oscillator. Fgyy varies depending on input voltage, output voltage, load, and spread-
spectrum settings.

Note 6: Guaranteed by design. Production tested through scan.
Note 7: Not production tested. Design guidance only.
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MAX77540 16V |N/6A, Dual-Phase High-Efficiency Buck

Converter

Typical Operating Characteristics

(VIN =12V, VouT = 3.3V, L = 1yH (Murata DFE2520F-1R0M), Skip Mode, Single Phase, Fgy = 1MHz, Ta = +25°C, unless otherwise
noted.)

EFFICIENCY vs. LOAD

www.maximintegrated.com

EFFICIENCY vs. LOAD

EFFICIENCY vs. LOAD

0.5V OUTPUT 1.0V OUTPUT 1.2V OUTPUT
100 tocO: 100 toc02 100 tocO:
90 90 90
80 80 80 REAL
70 70 70
£ w0 L e | LALLL v £ w0 A1 A S
o) o) o)
z % z % V=12V — | Z 80—t
2 @ 2 @ 2 @
i i i
30 30 30
2 % / SKIP MODE__ o L L 1] SKIP MODE__ S 1 SKIP MODE
L/ SINGLE PHASE SINGLE PHASE SINGLE PHASE
10 RNG =0. 10 RNG =0 b RNG=0_
L=047uH L=047uH L=047uH
0 0 0
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
LOAD (A) LOAD (A) LOAD (A)
EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD
1.8V OUTPUT 3.3VOUTPUT 5.0V OUTPUT
100 toc04 100 toc06
W0l —_——= REALH 90
80 80
- " Vin=76V = s 0
S a0 AL —— V= 1v—— | < S w0
5 5 5
z % / z % z %
2 @ 2 @ 2 @
i i i
30 30 30
SKIP MODE SKIP MODE SKIP MODE
2 SINGLE PHASE ™ 2 SINGLE PHASE ™ 2 SINGLE PHASE
10 RNG = 1 10 RNG=2 10 RNG=2_
L=1.0pH L=15pH L=15uH
0 0 0
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
LOAD (A) LOAD (A) LOAD (A)
EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD
0.5V OUTPUT 1.0V OUTPUT 1.2V OUTPUT
100 toc07 100 toc08 100 toc09
90 90 90
LPSKi
80 LPSkip 80 |— Sk‘pr—'p—774}—— ————— 80 s N
Ski
70 ip /)r\\ 70 FPWM 70
§ 60 / / FPWM § 60 // / § 60 // /
> > >
5 I"4lli4 S 4 VA / Z w0 / /
g y/ S / / S /] /
L“uJ"L 40 / L“uJ"L 40 // / L“uJ"L 40 // /
30 0 Y 30 P
20 V=12V 20 / Vin=12V_ 20 / V=12V
SINGLE PHASE / SINGLE PHASE / SINGLE PHASE
10 RNG=0_ 10 RNG =0 10 RNG =0
5 L=047uH . |~ L =047H 0 | L =047uH
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
LOAD (A) LOAD (A) LOAD (A)
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MAX77540 16V |N/6A, Dual-Phase High-Efficiency Buck
Converter

Typical Operating Characteristics (continued)

(VIN =12V, VouT = 3.3V, L = 1yH (Murata DFE2520F-1R0M), Skip Mode, Single Phase, Fgy = 1MHz, Ta = +25°C, unless otherwise
noted.)

EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD
1.8V OUTPUT 3.3VOUTPUT 5.0V OUTPUT
100 toc1 100 toc1 100 - toc1
o L tpskp_ - % 7Iéiif)kip o | LPSKP
skp | T Sk FPWM
AT S o T o LA
70 70 70
= V4 / s o1/ / s o/ /
> > >
s 4|/ / 5 g / 5 /
@ / 5 / S /
2 40 2 40 2 40
& / & / & /
30 30 30
2 / V=12V 2 / V=12V 2 V=12V
/ SINGLE PHASE / SINGLE PHASE SINGLE PHASE
10 RNG = 1- 10 RNG=2- 10 RNG =2
0 | L=1.0pH 0 | L=15uH 0 L=15pH
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
LOAD (A) LOAD (A) LOAD (A)
EFFICIENCY vs. LOAD EFFICIENCY vs. LOAD LOAD REGULATION
5.0V OUTPUT 3.3VOUTPUT 3.3VOUTPUT
100 toc1 100 toc1. 15 toc1
% o | _SnglePhase FPWM MODE
******************* SINGLE PHASE
// 1 RNG = 2-
80 80
- 1MHz - // Dual Phase g
= 0.5MHz = // g 08
E o 16MHz———— g w0 g
o (&) / w
2 50 & % g 0
5 e 5 :
- - - e
N IN= 1
. 30 . 30 é 05 Vin= 12V
V=12V o Viy = 16V
2 SINGLE PHASE 2 V=12V 4
10 RNG =2— 10 RNG = 2--
L=15uH =
0 y 0 L=1.5uH 15
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
LOAD (A) LOAD (A) LOAD (A)
LINE REGULATION
3.3VOUTPUT
1 oot LINE TRANSIENT o LINE TRANSIENT s
FPWM MODE DUAL-PHASE, RNG =0 DUAL-PHASE, RNG = 1
08 SINGLE PHASE| Vi = 9.4V->11 4V->9.4V Vi = 9.4V->11 4V->9.4V
06 RNG=2 Vour =12V Vour =18V
= : SKIP MODE SKIP MODE
3 04 R ] Viy [P
g 02
2 0
g 0 Vour Mﬁ 20mVidiv Vour Mﬁ 20mVidiv
g 02
é 04 Vop 1Vidiv Vop 1Vidiv
o
06
08
- 50psidiv 50psidiv
4 6 8 10 12 14 16 v v
Vin (V)
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MAX77540 16V |N/6A, Dual-Phase High-Efficiency Buck
Converter

Typical Operating Characteristics (continued)

(VIN =12V, VouT = 3.3V, L = 1yH (Murata DFE2520F-1R0M), Skip Mode, Single Phase, Fgy = 1MHz, Ta = +25°C, unless otherwise
noted.)

LINE TRANSIENT eto LOAD TRANSIENT oo LOAD TRANSIENT e
DUAL-PHASE, RNG = 2 T Y] Vy=iv U
Yu= 3411 40>94Y Vour = 1.8V Vour =33V
our = 3. FPWWM MODE FPWM MODE \
SKIP MODE
| [e——— L 100mVidiv 100mVidiv

5Vidiv Vour ¥

20mVidiv

VOUT /’

1Vidiv
T e | 1AJdIV T o — et 1AJdIV
300mA OFFSET 300mA OFFSET
50ps/div 40ps/div 40ps/div
SHUTDOWN CURRENT
LOAD TRANSIENT 022 POWER-OK FAULT TIMER 023 8 toc24
- T ® 3 12C_EN =0V
g:u;j%‘(ov Vour ) (g 7m T 7 EN1,EN2=0V |
FPWM MODE \ | 2%
Vour 100mVidiv 6
/o | ;
1 < +85°C
v 2 . l 1idiv 2 g —
oK ] [ 2
P ————— 3
2Vidiv — +25°C
Vi =16V 2 ——
louT |em—— [T Vour = 0.5V |
300mA OFFSET \ E(L;QL:I_P(;U_\%E _ 1 -
L | (TO=0x1 — Y1 -40°C
40psfdiv 4ms/div 0
4 6 8 10 12 14 16
Vin(V)
STANDBY CURRENT QUIESCENT CURRENT QUIESCENT CURRENT
50 10c25 400 10c26 600 foc27
12C_EN=3.3V 12C_EN=3.3V
EN1, EN2 =0V 380 580 EN1, EN2 = Hi
45 NO SWITCHING
360 185G 560 SKIP MODE
40 340 25 540
"]
z +85°C 2 E——E z @
//
ENY — 2 0 — 2 50 _
2 _— 5 |__— -40°C 2 +85°C
- — - 280 480 L
— +25°C —
30 D —
25°C | | 260 460 ——— L
L 240 12C_EN=3.3V. o — L
5 I— EN1, EN2 =Hi — .;‘10*’0
— 220 No Switching 420
_— -40°C i
20 E 200 LP-Skip 400
4 6 8 10 12 14 16 4 6 8 10 12 14 16 4 6 8 10 12 14 16
Vin(v) Vin(V) Vin(V)
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MAX77540

16V |N/6A, Dual-Phase High-Efficiency Buck

Typical Operating Characteristics (continued)
(VIN =12V, VouT = 3.3V, L = 1pyH (Murata DFE2520F-1R0M), Skip Mode, Single Phase, Fgy = 1MHz, Tp = +25°C, unless otherwise

Converter

noted.)
BUCK SOFT-START BUCK SOFT-STOP 1029 PRE-BIASED STARTUP oca
V=12V v V=12V
V‘fm =33V Vour e o et Vou‘¥N= 3.3V
SINGLE PHASE SINGLE PHASE
SSTRT_SR = 0x2 SSTRT SR = 0x4 '
v 2Vidiv
d X LAt |
33V !
) o 500mVidiv
Vour 1Vidiv Vur| 18V (RESIDUAL)
om——— -
|
l T Vo= 12V 2Vidiv
i v i i Vour = 3.3V
Vix 5Vidiv X 5Vidiv v B T
| EN =——— SSTRT_SR = 0x4
800us/div 800us/div 200ps/div
DVS (DYNAMIC VOLTAGE SCALING) . LX REFRESH SETTING vs. MODE ., OUTPUT VOLTAGE RIPPLE s
VsV p ¥ = — vidiv Vo= 12V v
Vi =33V 105 Ry LPSKIP | Vo =33V
DUAL PHASE sz au | ‘ ‘ | | FPWMH MODE
Vix ‘ ‘ [ | | ' was 2V/div L=15pH
5Vidiv L i W A
Sl‘(lPl Vour [, / \{,/ AV, \ .-'/1\‘, f\ Al /v WO N A tomviiv
Viy et 2Vidiv A e S e St e
5Vidiv ‘ |
Iy 2A/div 2Vidiv
4msfdiv 100psfdiv 100psfdiv
OUTPUT VOLTAGE RIPPLE o3t ACTIVE DISCHARGE ‘
toc35
Vy=tv U 1 I
Vour =12V
FPWMH MODE
L=047pH
Vout g pfa, e, 0o i o, VS P/ g 10m Vv Vidiv
10V/div
1Vidiv

www.maximintegrated.com

100usfdiv

100usfdiv
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MAX77540 16V|N/6A, Dual-Phase High-Efficiency Buck
Converter

Bump Configuration

30 WLP

MAX77540
TOP VIEW (BUMP-SIDE DOWN) 1 9 3 4 5 6

>
o
@
=
<
-
x

(2.508mm x 2.308mm x 0.7mm, 0.4mm PITCH)

Bump Descriptions

PN | NAME | FUNCTION TYPE
BUCK SWITCHING PHASE

Phase1 High-Side MOSFET Driver Supply. Connect a 0.1uF ceramic capacitor
B BST1 | between BST1 and LX1. Power Input
Phase2 High-Side MOSFET Driver Supply. Connect a 0.1uF ceramic capacitor
B6 BST2 | between BST2 and LX2. Power Input
A3 IN1 Phase1 Input. Bypass to PGND1 with a 10uF ceramic capacitor. Power Input
A4 IN2 Phase2 Input. Bypass to PGND2 with a 10uF ceramic capacitor. Power Input
A2, B2 LX1 Phase1 Switching Node Power Output
A5, B5 LX2 Phase2 Switching Node Power Output
A1 PGND1 | Phase1 Power Ground Power
Ground
A6 PGND2 Phase2 Power Ground Power
Ground
C1 SNS1 Phase1 Output Voltage Sensing Input. Connect to the output at the point-of-load. Analog Input
Phase2 Output Voltage Sensing Input. Connect to the output at the point-of-load.
C6 SNS2 Connect to AGND or leave unconnected (floating) when the phase configuration is | Analog Input
set for 2 operation.

INTERNAL BIAS SUPPLY
E3 AGND ‘ Analog (Quiet) Ground Ground

www.maximintegrated.com Maxim Integrated | 19



MAXT7754

0

16V |N/6A, Dual-Phase High-Efficiency Buck

Bump Descriptions (continued)

Converter

PIN

NAME

FUNCTION

TYPE

D5

ALT_IN

Alternative Power Input for V|_and Vpp. Bypass to AGND with a 2.2uF ceramic
capacitor when used. See the Alternative Low-Voltage Input (ALT_IN) section for
more information.

Power Input

E5

SYS

System Power Input (Supply to Internal V|_ and Vpp Linear Regulator). Bypass to
AGND with a 2.2uF ceramic capacitor.

Power Input

D4

Vbb

Internal Bias Supply Output. Powered from SYS or ALT_IN depending on

VaLT IN- See the Alternative Low-Voltage Input (ALT_IN) section for more
information. Bypass to AGND with a 1uF ceramic capacitor. Do not load this pin
externally.

Power Output

E4

Vi

Internal Gate Driver Supply Output. Powered from SYS or ALT_IN depending on
VaLT IN- See the Alternative Low-Voltage Input (ALT_IN) section for more
information. Bypass V| to PGND with a 2.2uF ceramic capacitor. Do not load this
pin externally.

Power Output

CONTROL AN

D SERIAL INTE

RFACE

D3

ADDR

I2C Slave Address Selection Input (Tri-State). Connect to Vpp, ground, or leave
unconnected to set I2C slave address. See the Slave Address section for more
information.

Digital Input

Cc2

EN1

Buck1 Enable Input (Active-High). VEN1 must not be higher than Vgys.

Digital Input

C5

EN2

Buck2 Enable Input (Active-High). VEn2 must not be higher than Vgys. This pin is
a 'don't care' when the phase configuration is set for 2 operation.

Digital Input

E1

FPWM1B

Buck1 Forced-PWM Mode Control (Active-Low) and External Frequency Tracking
Input. Provide an external clock to enable FPWM mode with external frequency
stabilization. Connect to V|_if unused. See the Frequency Tracking (FTRAK)
section for more information.

Digital Input

E2

FPWM2B

Buck2 Forced-PWM Mode Control (Active-Low) and External Frequency Tracking
Input. Provide an external clock to enable FPWM mode with external frequency
stabilization. Connect to V|_ if unused. See the Frequency Tracking (FTRAK)
section for more information. This input is a 'don't care' when the phase
configuration is set for 2 operation.

Digital Input

C3

12C_EN

I2C Enable Input (Active-High). Enables 12C interface and V| & Vpp regulators.
Vi2c_eN must not be higher than Vgys. See the Dedicated Internal Supplies
section for more information.

Digital Input

C4

IRQB

Interrupt Output (Open-Drain, Active-Low), This pin requires an external pullup
resistor. Leave this pin unconnected if unused.

Digital Output

B3

POK1

Buck1 Power-OK Output (Open-Drain). An external pullup resistor (10kQ to
100kQ) is required. Leave this pin unconnected if unused.

Digital Output

B4

POK2

Buck2 Power-OK Output (Open-Drain). An external pullup resistor (10kQ to
100kQ) is required. Leave this pin unconnected if unused. This pin is pulled low
internally when the phase configuration is set for 2 operation.

Digital Output

E6

SCL

I2C Serial Interface Clock. Connect to ground if not used.

Digital Input

D6

SDA

I2C Serial Interface Data. Connect to ground if not used.

Digital /0

D1

SEL1

Buck1 Default VoyT Selection Input. Connect a selection resistor (Rsgp 1)
between SEL1 and AGND to configure the default VoyT, VoyT range, and
switching frequency for Buck1. Default settings can be overwritten through 12C.

See the Default Output Voltage Selection (SELx) section for more information.

Analog Input

www.maximintegrated.com
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MAX77540 16V |N/6A, Dual-Phase High-Efficiency Buck
Converter
Bump Descriptions (continued)
PIN NAME FUNCTION TYPE
Buck2 Default VoyT Selection Input. Connect a selection resistor (Rgg| 2)
between SEL2 and AGND to configure the default target VoyT, VouT range, and
switching frequency, and range for Buck2. Default settings can be overwritten
D2 SEL2 through 12C. When Rgg| 2 < 95.3Q, Buck2 becomes a slave phase of a dual- Analog Input
phase converter. See the Default Output Voltage Selection (SELx) section for
more information.

www.maximintegrated.com
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MAX77540 16V|N/6A, Dual-Phase High-Efficiency Buck
Converter

Detailed Description—Top-Level

Dedicated Internal Supplies

The MAX77540 has dedicated internal supplies which are the V|_ and the Vpp. The V| provides power to gate drivers

for switching metal-oxide semiconductor field-effect transistor (MOSFETs), while the Vpp provides power for internal

logic and control. Those two 1.8V regulators are powered from either the SYS or the ALT_IN input, depending on the

DIS_ALT_IN bit and the VaLT |N- See the Alternative Low-Voltage Input (ALT_IN) section for more information.

e The SYS powers the V|_and the Vpp when the DIS_ALT_IN == 1 OR the Va| T |N is less than the switch-over voltage
(Vswo. typ. 2.8V).

e The ALT_IN powers the V|_and the Vpp when the DIS_ALT_IN == 0 AND the Va| T |N is greater than the Vgwo.

When either the 12C_EN or the ENx pin is pulled high, the MAX77540 enables bias circuitry as well as V|_and Vpp
supplies. As soon as the Vpp supply becomes stable, the MAX77540 reads the Rgg| x values for configuring the device.
While both the Vgys and the Vpp are valid, 12C serial communication is activated. Enabling I2C by pulling the 12C_EN
pin high allows the host processor to modify configuration settings before activating the Buck outputs.

Table 1. Vpp and I2C Enable Truth Table

12C_EN (PIN) EN1 OR EN2 (PIN) Vpp AND I2C SERIAL INTERFACE
Low Low Disabled
X High Enabled
High X Enabled

Alternative Low-Voltage Input (ALT_IN)

When an alternative power source (VaLT |N) is available between the switch-over voltage (Vswo) and 5.5V, it can
optionally be used to power the dedicated 1.8V linear regulator (V|_and Vpp) in order to improve the efficiency. As shown
in Figure 1, the switch-over circuit dynamically selects the input of the V|_ and the Vpp supplies between the SYS and
the ALT_IN pins as needed to maintain steady operation. When the device exits Shutdown mode (I2C_EN = 1 OR ENXx
= 1), the linear regulator is initially powered from the SYS pin and it can be switched over to the ALT_IN pin if a valid
power source is connected to the ALT_IN. The ALT_IN_I interrupt and the ALT_SWO status bits indicate the status of
the switch-over circuit. There are three ways of using the ALT_IN input:

DEFAULT INPUT svs
(HIGH-VOLTAGE) > SWITCH-OVER MOSFET
4VTO 16V 22uF DRIVERS
T W v 18V
= — REGULATOR I
ALTERNATIVE INPUT AT IN T
(LOW-VOLTAGE) - = =
INTERNAL
Vswo TO 5.5V 2.2uF LOGIC
- RC FILTER |_> Vop 18V
— b 1
Vswo T 1wF
ALT_SWO
ALT_SWO | SWITCH
0 SYS
1 ALT_IN

Figure 1. Alternative Input Switch-Over Circuit
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MAX77540 16V|N/6A, Dual-Phase High-Efficiency Buck
Converter

e Option 1: Connect the ALT_IN pin to the AGND (not used). In this case, the internal linear regulator permanently
receives power from the SYS pin.

e Option 2: Connect the ALT_IN pin to one of the Buck outputs which is greater than the Vgyo. Using a Buck output
for powering up the linear regulator improves the total efficiency of the device (it is OK to turn the Buck output on and
off dynamically).

e Option 3: Connect the ALT_IN pin to an external high-efficiency DC source greater than the Vo when neither Buck
output is greater than the Vg\wo (using a high-efficiency power source also improves the total system efficiency).

Output Enable Control

The MAX77540 has dedicated logic input pins (EN1 and EN2) for enabling individual Buck outputs. When the ENXx is
pulled above the V|4, the corresponding Buck output is enabled. In case the MAX77540 exits Shutdown mode by the
ENX, it takes about 220us (typ) to turn on the internal bias circuitry and evaluate the Rgg| x before propagating the Buck
enable signals. To prevent chatter, the ENx pins must be driven either high or low.

The Buck outputs can also be turned on by setting the Mx_EN bits to '1' through the 12C serial interface. The logical
interaction between the enable pins (ENx) and their corresponding 12C enable bits (Mx_EN) is 'OR". The serial interface
is active whenever the Vpp regulator is enabled (see Table 1).

Undervoltage Lockout

When the Vgyg voltage falls below the VyyLo F (typ 3.7V), the MAX77540 initiates an immediate shutdown of all
individual Buck outputs. A UVLO event forces the device to a dormant state until the Vgysg voltage rises above the UVLO
rising threshold (typ 3.9V). If the Vgyg voltage drops down to the power-on reset (POR) threshold (typ 1.7V), the Vpp
supply turns off (all the registers are reset) and the MAX77540 enters into shutdown state.

Thermal Warnings and Thermal Shutdown (TsHpN)

The MAX77540 has two thermal warnings and a thermal shutdown (TsypnN) threshold to monitor whether the junction
temperature rises above +120°C and +140°C. As shown in Figure 2, the device enters thermal shutdown (TsHpN)
if the junction temperature exceeds the Tgypn (approximately +165°C typ.). A TgypN event initiates a shutdown of
all individual outputs immediately. See the Fault Protection section for more information. Thermal monitoring is active
whenever any of the following conditions is true:

e One of the Buck outputs is enabled.

e Force temperature monitors enable bit sets (EN_FTMON = 1).

e Thermal protection is enabled (for any reason) and detects T j = 120°C (in this case, thermal monitoring remains active
until Ty < 105°C).
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MAX77540 16V|N/6A, Dual-Phase High-Efficiency Buck
Converter

ONE OF OUTPUTS ENABLED
OREN_FTMON ==1

=< NO THERMAL WARNING
(

THERMAL MONITOR DISABLED >‘ TJ_120 = TJ_140 = Tsson = 0)

ALL OUTPUTS DISABLED
AND EN_FTMON ==0

Ty<+105°C Ty=+120°C

THERMAL WARNING 1
(TJ_120=1)

Ty<+125°C

Ty=+140°C

THERMAL WARNING 2
(TJ_120=TJ_140=1)

Ty<+150°C Ty=+165°C

THERMAL SHUTDOWN
(TJ_120=TJ_140 = Tsron = 1)
DISABLE ALL OUTPUTS
IMMEDIATELY

Figure 2. Thermal Monitor State Diagram

Interrupt (IRQB) and Mask

The IRQB is an active-low, open-drain output and it is for indicating to the host processor that the status on the
MAX77540 has changed. The IRQB is the logical 'NOR' of all unmasked interrupt bits. See the Register Map for a full list
of available status and interrupt bits.

The IRQB output asserts (goes low) anytime an unmasked interrupt bit is triggered. The host processor reads the
interrupt source register (ADDR 0x00) and the interrupt registers that are indicated by the interrupt source register to
check the cause of interrupt event. Note that the interrupt source register is cleared when the corresponding interrupt
register group is read by the host processor.

All the interrupt events are edge-triggered. Therefore, the same interrupt is not generated repeatedly even though the
interrupt condition persists.

Each interrupt register can be read at a time and all interrupt bits are 'Clear-on-Read' bits. The IRQB output deasserts
(goes high) when all interrupt bits have been cleared. If an interrupt is captured during the read sequence, the IRQB
output is held low. When the IRQB output is pulled low by an unmasked interrupt event, the IRQB output stays low until
the interrupt bit is cleared by the reading operation of the host processor or the corresponding interrupt mask bit is set to
‘1’ (masked). All interrupts (except the UVLO_I) are masked by default. Masked interrupt bits do not cause the IRQB pin
to assert.
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MAX77540 16V|N/6A, Dual-Phase High-Efficiency Buck

Converter

Register Reset Condition

The configuration registers of the device reset to default values when the 12C_EN, the EN1, and the EN2 are all logic low
or the Vgyg falls below its POR threshold.

Detailed Description—Dual-Phase Configurable Buck Converter

The MAX77540 is a high-efficiency, phase-configurable Buck converter with two 3A phases (®). Two output voltage
sensing inputs allow up to two regulated outputs. Each Buck converter operates on an input supply between 4V and 16V.
The output voltages are preset using the SELx inputs and further configurable with an I12C serial interface between 0.5V
and 5.2V in 5mV, 10mV, or 20mV steps depending on the Mx_RNG[1:0] bits. See the Ouiput Voltage Setting section.

Each switching phase supports 3A and dual-phase (2®) configuration supports up to 6A. Phase configuration is user-
programmable by tying the SEL2 pin to the AGND on the PCB. See the Phase Configuration section.

Buck Converter Control Scheme

The MAX77540 uses Maxim's proprietary adaptive constant on-time (COT) current-mode control scheme. The adaptive
COT control provides fast response to load transients, inherent compensation to input voltage variation, and stable
performance at low duty cycles. As shown in Figure 3, Buck1 is referenced in the following explanation.

FPWM1B ALT_IN SYS  12C_EN VL VoD IN1
\
UVLO EN
SCL 12C SERIAL "
SDA INTERFACE SWITCH-OVER =
i\’—‘ VLLDO ’7# FILTER
SOFT-START, N
SOFT-STOP, | | AGND |
RAMP-UP/ Vswo PLIM1
DOWN REGISTERS V]
[ & CONTROL EXTERNAL -
CLK DETECT 1 BST1
REFDAC o
(Vour1) PLL Fsw SPREAD-
SPECTRUM

INTERNAL
CLK

STABILIZER

150
(BN

L
o

Y
gm DRIVER
- Rooup ON-TIME GENERATOR1 LOGIC VL LX1
Q2

SNS1
vV V. +17 Ci
POK, Vscp COMP {TTPHASE2PLL 180° STAGGERED
{ Fsw STABILIZER | PHASE CLK GEN
AGND
PHASE
FAULT CONFIGURATION VLM, Iz
ag&%g; PROTECTION DECODER »)
STATE MACHINE
M

POK1 SEL2 PGND1

Figure 3. Functional Block Diagram

An on-time (MOSFET Q1 is on) is controlled by an on-time generator circuit and this circuit calculates an on-time based
on the input voltage (V|N1), the output voltage (VoyT1), and the target switching frequency (Fsyy1). An off-time (MOSFET
Q2 is on) begins when the on-time ends. During the dead-time, the inductor current conducts through the intrinsic body
diode. A pulse-width modulation (PWM) comparator regulates the VoyT1 by modulating off-time. The positive input of the
PWM comparator is a voltage proportional to the actual output voltage error. The negative input is a voltage proportional
to the inductor current sensed through the MOSFET Q2. The PWM comparator begins an on-time when the error voltage
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becomes higher than the current-sense signal. The off-time automatically begins again when the calculated on-time
expires. A phase-locked loop (PLL) stabilizes the switching frequency and controls phase spacing. The PLL stabilizes
Phase2 (LX2) 180° apart from Phase1 when the output is configured for the dual-phase (2®) operation. In dual-phase
configuration, both the master and the slave phases are activated and always switch in sequence during steady-state
operation. The phases do not add or shed.

Buck Operating Modes

The buck converters have three operating modes shown in Figure 4 and transitions between the modes are determined
by operating conditions and mode control settings. The operating mode setting can be changed any time while 12C
communication is available. Toggling between SKIP and FPWM modes is also controlled by the FPWMxB pins. Pulling
the FPWMxB pin low operates the corresponding buck in forced-PWM mode. When the FPWMXxB pin is held high, the
operating mode is controlled by the Mx_LPM and the Mx_FPWM bits.

DCM OPERATION
IN LOW-POWER MODE
REGULATED BY UV
COMPARATOR

ZX NOT DETECTED
OR Mx_FPWM == 1
OR FPWMxB ==0

2 TIMES OF >10us LX
TRI-STATE DECTECTED
AND Mx_LPM == 1

8 TIMES OF <4us LX TRI-
STATE DECTECTED OR
Mx_LPM ==0

DCM OPERATION
REGULATED BY
ERROR AMPLIFIER

ZXNOT DETECTED
OR Mx_FPWM ==1
OR FPWMxB ==0

ZX DETECTED AND
MX_FPWM == 0 AND
FPWMXB == 1

CCM OPERATION
REGULATED BY
ERROR AMPLIFIER

Figure 4. Buck Operating Modes
Detail mode control settings are described as follows:

SKIP Mode

In SKIP mode (Mx_LPM == Mx_FPWM == 0 AND FPWMXxB == 1), the buck converter operates either in discontinuous-
conduction mode (DCM) or continuous-conduction mode (CCM) depending on loading. If the averaged output current is
lower than a half of inductor peak-to-peak ripple current under light load condition, the low-side MOSFET turns off as
soon as the inductor current drops to near zero ampere (zero-crossing). Then, the switching node (LX) remains in tri-
state (Hi-Z) until the next on-time is triggered. In this way, the buck prevents a negative inductor current which results in
improving light-load efficiency by reducing the total number of switching cycles needed to regulate the output voltage.

When no zero-crossing (ZX) is detected (under heavier load), the buck controller goes into CCM where the averaged
output current is greater than a half of inductor ripple current. In both DCM and CCM, the output voltage is regulated by an
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error amplifier. In case the on-time determined by a given operating condition in high output voltage range (Mx_RNG[1:0]
= 0x2) is not long enough, the on-time automatically extends until the inductor current reaches 500mA for ensuring
enough off-time to detect the ZX reliably.

Low-Power SKIP (LP-SKIP) Mode

Low-Power SKIP mode (Mx_LPM == FPWMxB == 1 AND Mx_FPWM == 0) is similar to SKIP mode as a negative
inductor current is not allowed in LP-SKIP mode as well. When the averaged output current is decreased further down
(>10us of LX tri-state is detected two times consecutively) in SKIP mode, the buck converter enters LP-SKIP mode when
Low Power mode is enabled. In LP-SKIP mode, the error amplifier and other internal blocks are deactivated to lower
down Ig consumption. Instead, a low-power comparator monitors the output voltage in LP-SKIP mode.

The Buck enters DCM operation in SKIP mode when the duration of LX tri-state is shorter than 4us for eight times in a
row, or LP-SKIP mode is disabled (Mx_LPM == 0). If no zero-crossing is detected (i.e., sudden load transient) or FPWM
mode is enabled (Mx_FPWM = 1 OR FPWMXxB = 0), the Buck enters CCM directly from LP-SKIP mode.

Forced-PWM (FPWM) Mode

Forced-PWM mode (Mx_FPWM == 1 OR FPWMxB == 0) ensures a continuous inductor current under all load conditions.
In FPWM mode, a negative inductor current though the low-side MOSFET is allowed but the maximum current is limited
to the InLiv (typ -2.9A). When the buck converters enter/exit FPWM mode by the FPWMNXxB inputs, there is 1ms of delay
in mode transition due to 1ms of debounce timer on the FPWMxB inputs.

In case a valid external frequency is detected on the FPWMxB input, the corresponding Buck enters FPWM mode
regardless of its operating mode settings. See the Frequency Tracking (FTRAK) section for more information.

Dropout Mode

The MAX77540 architecture allows the buck converter to operate even when the input voltage becomes very close to the
target output voltage. When the headroom between the input and the output voltages reduces during operation, the buck
controller tries to maintain the output voltage regulation by increasing the duty cycle. In case Buck is not able to regulate
the target output voltage with the maximum duty cycle (typ 98%), it automatically extends the on-time by skipping the
off-times (dropout mode). In dropout mode, the low-side MOSFET turns on occasionally in order to refresh the bootstrap
circuit for driving the high-side MOSFET. See the Bootstrap Refresh section for more information.

Switching Frequency

The MAX77540 has three nominal switching frequency options (0.5MHz, 1.0MHz, and 1.6MHz) to support optimization
of efficiency, transient responses, noise performance, and solution size. The default switching frequency of each Buck is
set by the SELx input (see Table 4 and Table 5) and the switching frequencies of individual Bucks are also selectable by
the Mx_FREQ[1:0] bits.

At a particular time, the switching frequency (Fsy) of the adaptive on-time buck converter is not fixed and heavily
influenced by the instantaneous load current. More on-time pulses in a given time (higher Fgyy) is observed as the output
current increases, while fewer on-times in a given time (lower Fgyy) is observed when the output current decreases.
A valid external frequency at the FPWMXxB input or enabling the internal frequency tracking feature (Mx_FTRAK = 1)
stabilizes the switching frequency of the corresponding Buck in steady-state operation. See the Frequency Tracking
(FTRAK) section for more information.

In case the on-time calculated by the given operating condition is less than the minimum on-time (typ 60ns), the buck
controller regulates the output voltage by increasing the off-time. As a result, the actual switching frequency becomes
slower than its nominal frequency setting. For example, the calculated duty cycle for 16V|N and 0.8VoyT is 5%, which
gives less than 60ns of on-time at 1.0MHz of nominal switching frequency. It means the actual switching frequency under
this condition is slower than 1.0MHz so that 0.5MHz of nominal switching frequency setting is recommended.

Phase Configuration

The MAX77540 has two 3A switching phases configurable into either two single-phase Bucks or one dual-phase Buck.
As shown in Table 2, the Buck is configured as single-output dual-phase (2®) when the SEL2 is shorted to the AGND. In
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dual-phase (2®) configuration, logic I/O pins and control registers for Buck2 are deactivated so that register settings of
the master phase (M1) dictate the operation of the slave phase as well.

Table 2. Phase Configuration Selection

RseL1 (Q) RseL2 (Q) PHASE (®) CONFIGURATION NUMBER OF OUTPUTS
Any <953 20 1
Any > 200 10 +10 2

Also, the output voltage sensing of the buck converter is assigned based on the phase configuration setting. In dual-
phase configuration, the buck controller regulates the output voltage using the SNS1 pin only (the SNS2 pin is unused).
Table 3 shows how to configure the output voltage sensing pins for each phase configuration.

Table 3. Buck Output Sensing Assignment

PHASE (®) CONFIGURATION PHASE ASSIGNED BUCK NAMING CONVENTION VouT SENSING INPUT
20 Phase1 (M1)
(1 Output) Phase2 (S) Buckt (Vour1) SNS1
10+ 10 Phase1 (M1) Buck1 (VouT1) SNS1
(2 Outputs) Phase2 (M2) Buck2 (VouT2) SNS2

(Mx): Master Phase (S): Slave Phase

Default Output Voltage Selection (SELX)

The MAX77540 supports user-selectable default voltages of individual Buck outputs with 1% tolerance (or better)
resistors. The MAX77540 evaluates the resistances between the SELx and the AGND whenever the Vpp regulator first
turns on (exits shutdown by either the 12C_EN or the ENx pin). The decoded values of the Rgg| x are latched until the
next time the device exits shutdown mode. The SELx_LATCHI4:0] status bits reflect the latched decoded values of the
RsgLx- See the Reqister Map for more details.

The resistance between the SEL1 and the AGND (Rgg| 1) configures the default voltage of Buck1, while the Rgg| 2
between the SEL2 and the AGND selects Buck2 default voltage. If the SEL2 pin is tied to the AGND on the PCB
(RsgL2 < 95.3Q), the Buck is configured as a single-output dual-phase (2®) converter. When the dual-phase operation
is selected, the decoded resistance on the SEL1 (Rggl1) sets the default output voltage (VoyTt1). Table 4 and Table
5 decode the default selection options for the VoyT1 and the VoyTt2, respectively. Once latched, the Mx_VOUT[7:0],
the Mx_RNG[1:0], and the Mx_FREQ[1:0] bits reflect the selected options. The decoded values for Rgg x 2 115kQ are
programmable at the factory.

Table 4. Default VoyT1 Selection

RseL1 (Q) TARGET Vouyr1 (V) Vout1 RANGE Fsw1 (MHz)
<953 0.50 Low 1
200 0.50 Low 0.5
309 0.60 Low 0.5
422 0.60 Low 1
536 0.65 Low 0.5
649 0.65 Low 1
768 0.72 Low 0.5
909 0.72 Low 1
1.05k 0.75 Low 0.5
1.21k 0.75 Low 1
1.40k 0.80 Low 0.5
1.62k 0.80 Low 1
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Table 4. Default VoyT1 Selection (continued)

RsEL1 (Q) TARGET Vourt1 (V) Vout1 RANGE Fswi1 (MHz)
1.87k 0.85 Low 0.5
2.15k 0.85 Low 1
2.49k 0.90 Low 0.5
2.87k 0.90 Low 1
3.74k 1.00 Low 0.5
8.06k 1.00 Mid 1
12.4k 1.10 Low 0.5
16.9k 1.10 Mid 1
21.5k 1.20 Low 0.5
26.1k 1.20 Mid 1
30.9k 1.35 Mid 1
36.5k 1.50 Mid 1
42.2k 1.80 Mid 1
48.7k 2.00 Mid 1
56.2k 2.50 High 1
64.9k 2.80 High 1
75.0k 3.30 High 1
86.6k 3.80 High 1
100k 5.00 High 1
2 115k Factory Option

Table 5. Default VoyT2 Selection

RseL2 (Q) TARGET Vour2 (V) ‘ Vout2 RANGE Fsw2 (MHz)

<953 N/A (2 Operation)
200 0.50 Low 0.5
309 0.60 Low 0.5
422 0.60 Low 1
536 0.65 Low 0.5
649 0.65 Low 1
768 0.72 Low 0.5
909 0.72 Low 1
1.05k 0.75 Low 0.5
1.21k 0.75 Low 1
1.40k 0.80 Low 0.5
1.62k 0.80 Low 1
1.87k 0.85 Low 0.5
2.15k 0.85 Low 1
2.49k 0.90 Low 0.5
2.87k 0.90 Low 1
3.74k 1.00 Low 0.5
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Table 5. Default VoyT2 Selection (continued)
RseL2 (Q) TARGET Voyr2 (V) Vout2 RANGE Fswz (MHz)
8.06k 1.00 Mid 1
12.4k 1.10 Low 0.5
16.9k 1.10 Mid 1
21.5k 1.20 Low 0.5
26.1k 1.20 Mid 1
30.9k 1.35 Mid 1
36.5k 1.50 Mid 1
42.2k 1.80 Mid 1
48.7k 2.00 Mid 1
56.2k 2.50 High 1
64.9k 2.80 High 1
75.0k 3.30 High 1
86.6k 3.80 High 1
100k 5.00 High 1
=115k Factory Option
Output Voltage Setting

The output voltages (VoyTtx) are adjustable between 0.5V and 5.2V in 5mV, 10mV, or 20mV steps depending on the
Mx_RNGJ1:0] bits as shown in Table 6. Note that the Mx_RNG[1:0] bits must not be changed while the corresponding
Buck is enabled.

In each output voltage range, the lowest code (0x00) of the Mx_VOUT[7:0] bits represents the minimum output voltage
and the target output voltage is increased by one least significant bit (LSB) step as the code increases. The maximum
programmable output voltage is digitally limited to the maximum output voltage in each range even if the code increases
beyond that point. The default values of the Mx_VOUT[7:0] and the Mx_RNG[1:0] bits are set by the corresponding
RsEeLx values. See the Default Output Voltage Selection (SELx) section for more information.

For output voltages that have overlapping ranges (i.e., 1.0V), select the desired range by trading off load transient
response and the required number of output capacitors. Using the 1V output example: Use low-range for a slightly better
load transient response or mid-range for a slightly worse transient response but less output capacitors. See the Output
Capacitor Selection section for more information on required output capacitance for the different output voltage ranges.

Table 6. Buck Output Voltage Range

Mx_RNGI[1:0] VouT PROGRAMMING RANGE (V) STEP PER LSB (mV)
0x0 (Low-range) 0.5t01.2 5

0x1 (Mid-range) 1.0to 24 10
0x2 (High-range) 20t05.2 20

Soft-Start and Soft-Stop

The Bucks always soft-start whenever they are enabled (regardless of the ENx or 12C command) or recovering from a
fault condition. When the individual Buck is disabled by the ENx or I2C command, the Buck always initiates soft-stop. If
an SCP event occurs to a Buck output, the corresponding Buck stops switching immediately (LX node becomes Hi-Z)
and the other Buck starts soft-stop in a controlled manner if enabled. For a TgypN fault event, all Bucks stop switching
immediately.

The Bucks have internal ramps that control the slew rate of output voltage changes during the soft-start and the soft-
stop. The soft-start and the soft-stop slew rates are individually set by the SSTRT_SR[2:0] and the SSTOP_SR][2:0]
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bits, respectively, and they are the global settings for all Buck phases. During the soft-start and soft-stop, the Buck
automatically enters the FPWM mode regardless of operating mode settings when the Mx_FSREN bit is set to
1" (default). To support the 'prebiased' startup (startup without discharging pre-existing voltage at the output), the
Mx_FSREN and the Mx_ADIS100 bits need to be set to '0' before the Buck is enabled.

The SSTRT_SRJ[2:0] and the SSTOP_SR][2:0] bits set the slew rates of a voltage reference to an error amplifier. When
the fastest slew-rate option is selected, the actual output voltage slew rate can be slower than the target setting due to
limited sourcing and the sinking current capabilities of Bucks under given circuit parameters and operating conditions.
See Table 7 for more information.

Dynamic Output Voltage Scaling

Whenever a new target value is written in the Mx_VOUT][7:0] bits through 12C while the corresponding Buck is enabled,
the output voltage starts to change. The output voltage ramps up (or down) at a positive (or negative) slew rate set by the
corresponding Mx_RU_SR[2:0] (or Mx_RD_SR[2:0]) bits. When the Mx_FSREN bit is set, the corresponding Buck enters
FPWM mode automatically (regardless of the Mx_FPWM bit) during the output voltage ramp-down. In FPWM mode, the
Buck can sink current from the Coytx to the PGNDx through the low-side MOSFET, which allows the VoyTx to track the
negative rate set by the Mx_RD_SRJ[2:0] bits.

Table 7. Mx_FSREN Effect on Buck Behavior

OPERATING MODE Mx_FSREN BUCK BEHAVIOR IN STEADY STATE BUCK BEHAVIOR DURING DVS
0 Source Only Source Only
SKIP or LP-SKIP
1 Source Only Source or Sink
FPWM X Source or Sink Source or Sink

Note: Buck outputs (VoyTx) With current sinking capability can follow negative ramp rates set by the Mx_RD_SR[2:0] or the
SSTOP_SRJ[2:0].

If the negative inductor current reaches the I (typ -2.9A), the low-side MOSFET is turned off immediately and the
Buck initiates a new on-time (high-side MOSFET turn-on). Thus, the maximum slew rate during output voltage ramp-
down (or soft-stop) is limited if an effective output capacitance is very high for the selected ramp-down (or soft-stop) slew
rate. The maximum output voltage slew rate is calculated by following the formula, dV¢/dt =ic / C.

Output Voltage Active Discharge

Each Buck converter integrates a 100Q active discharge resistor between the LXx and the PGNDx for discharging the
output capacitor when the Buck output is disabled. For faster output voltage discharge at the end of soft-stop, a 1Q active
discharge function is added. Those two active discharge resistors are individually enabled by setting the Mx_ADIS100
and the Mx_ADIS1 bits, respectively. If both the Mx_ADIS100 and the Mx_ADIS1 are set to '1', the 1Q active discharge
is first activated for 1ms right after soft-stop is completed, and then the 100Q active discharge is enabled until the Buck
is enabled next time. In shutdown mode (I2C_EN = EN1 = EN2 = 0), the 100Q active discharge of each Buck phase is
enabled by default.

Note that the 1Q active discharge function of the corresponding output must be disabled (Mx_ADIS1 = 0) to avoid
excessive power dissipation when the falling slew-rate control feature is disabled (Mx_FSREN = 0).

Bootstrap Refresh

When the Buck is in dropout operation or it operates in SKIP (or LP-SKIP) mode under extremely light load condition,
the low-side MOSFET does not turn on for a long period of time. In this case, the buck controller occasionally turns on
the low-side MOSFET for about 100ns (typ) in order to charge a bootstrap circuit for driving the high-side MOSFET.
The bootstrap refresh interval is set to 64us in SKIP mode (128ps in LP-SKIP) which gives 15.6kHz (7.8kHz) of
minimum switching frequency. For applications that audible range noises are critical, 'Ultrasonic’ mode (Mx_ULTRA ==
1) increases the minimum switching frequency to 100kHz by reducing the refresh interval to 10us. The bootstrap refresh
interval selection is shown in Table 8.
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Table 8. Bootstrap Refresh Interval Selection
REFRESH INTERVAL
Mx_ULTRA
- SKIP OR DROPOUT MODE (ps) LP-SKIP MODE (us)
0 64 128
10 10

The bootstrap refresh is also required when the buck converter starts switching. As a part of the startup procedure, the
buck controller forces 15 times of refresh pulses with 4us of interval.

Frequency Tracking (FTRAK)

The MAX77540 supports frequency tracking feature. When a valid external clock is detected on the FPWMxB input
(triggers the EXT_FREQ_DET_| interrupt if unmasked), the corresponding buck converter enters FPWM mode
regardless of its operating mode setting and tracks the external frequency by modulating on-times. Buck1 attempts to
track the beginning of on-times to the rising edges of the external clock on the FPWM1B input, while Buck2 attempts to
track the beginning of on-times to the falling edges of the external clock on the FPWM2B input.

Table 9. Mx_FTRAK Enable Truth Table

EXT_FREQ_DET Mx_FTRAK PLL BUCK OPERATING MODE NOTE
0 Disabled Depends on Buck Mode Setting No Tracking
0 1 Enabled Depends on Buck Mode Setting Internal Freq. Tracking
1 0 Enabled FPWM External Freq. Tracking
1 1 Enabled FPWM External Freq. Tracking

As shown in Table 9, the Bucks can also track an internal clock. When the FTRAK function is enabled (Mx_FTRAK
= 1), the corresponding Buck tracks the internal PLL frequency (set by the Mx_FREQ[1:0] bits) if no valid external
clock is applied. In case a valid external clock is detected while the corresponding Buck is tracking the internal PLL, it
switches to the external clock tracking. The frequency window for both external and internal tracking is about +5% of the
nominal switching frequency. The frequency tracking operation is legal whenever one of the buck converters is enabled
regardless of the 12C_EN pin status. The FPWM1B and the FPWM2B must be driven either low or high to prevent
chattering or false tracking.

EXTERNAL
FPWMxB CLK DETECT EXT_FREQ_DET
PLL Fsw _ TON
INTERNAL STABILIZER | GENERATOR
0sc
ims FPWM
DEBOUNCE

Figure 5. Frequency Tracking

Spread-Spectrum Modulation

The Bucks are capable of dithering their switching frequency for noise-sensitive applications. The spread-spectrum
function of each Buck is individually enabled by setting the Mx_SS_ENV[1:0] bits. The spread-spectrum function is
activated only in the CCM and it is automatically deactivated when the Bucks enter the DCM. The spread-spectrum
modulation pattern is programmable either pseudorandom or triangular by the Mx_SS_PAT[1:0] bits. The spread-
spectrum modulation is characterized by modulation envelope and modulation frequency:

e Modulation envelope (AFgg) determines the maximum difference between the modulated switching frequency and
the nominal switching frequency. The modulation envelope is programmable (8%, +12%, or +16%) by the
Mx_SS_ENV[1:0] bits and it controls 'how wide' the switching frequency dithers.
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e Modulation frequency (Fss_mop) determines how often the switching frequency changes from one value to another.
The modulation frequency is also programmable (1kHz, 3kHz, 5kHz, or 7kHz) by the Mx_SS_FREQ[1:0] bits and it
controls 'how fast' the switching frequency dithers.

Pseudo-Random Pattern

The pseudo-random engine uses a 4-bit linear feedback shift register (LFSR) to create a pseudo-random value as shown
in Figure 6. The LFSR value is converted to an analog signal and then amplified before being added to the output of the
on-time generator circuit. The pseudo-random value shortens or lengthens the on-time. This causes the Buck controller
to increase or decrease the switching frequency to maintain voltage regulation. Each Buck has its own pseudo-random
pattern generator.

ENVELOPE |,~ REF \ PSEUDO-RANDOM
GAN DAC >
Nix_SS_ENV[1] | MODULATION SIGNAL
DECODE
[ WSS PATITO] RATE [ ook |_IoLINEAR FEEDBACK
SHIFT REGISTER

[ Mx_SS_FREQ[1:0] |

Figure 6. Pseudo-Random Modulator Engine

The modulation envelope and frequency are programmable by the Mx_SS_ENV[1:0] and the Mx_FREQ[1:0] bits. The
Fss_mop sets the frequency at which the LFSR wraps back to the seed value. The clock rate of the LFSR is the F| FgR.
This is the frequency at which one pseudo-random value changes to another. An example is shown in Figure 7.

LFSR VALUE Fsw
16
_,— I Fswvom) + AFss
1 L
3 Fswnom
4
|
| | - |
|
: : : - Fswom) - AFsS
A S S S
| |« LFSRCLOCK PERIOD (1/FLFsR) |
e REPEAT PERIOD (1/Fss_MoD) >

FLFSR = Fss_mop x [2N - 1]

N =LFSR WIDTH (16 BITS)

Fss_mop = MODULATION RATE (1, 3, 5, OR 7kHz)

AFss = MODULATION ENVELOPE (8%, +12%, OR +16%)

Figure 7. 4-Bit Pseudo-Random Modulation Signal Example

Triangular Pattern
The triangular engine uses a 4-bit up/down synchronous counter to create a stepped triangle pattern as shown in Figure
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8. The counter value is converted to an analog signal and then amplified before being added to the output of the on-time
generator circuit. The counter value progressively shortens and lengthens the on-time. This causes the Buck controller
to progressively increase and decrease the switching frequency to maintain voltage regulation. Each Buck has its own
triangular pattern generator.

ENVELOPE |n REF \ TRIANGULAR
GAIN DAC >
Nix_SS_ENV[10] | MODULATION SIGNAL
DECODE
MX_SS_PAT[10] CATE R
CLOCK 1 COUNTER

[ Mx_SS_FREQ[1:0] |

Figure 8. Triangular Modulator Engine

The modulation envelope and frequency are programmable by the Mx_SS_ENV[1:0] and the Mx_FREQ[1:0] bits. The
Fss_mop sets the frequency at which the counter returns to the same value. The clock rate of the counter is the FcounT-
This is the frequency at which the frequency changes from one value to another. An example is shown in Eigure 9.

COUNTER VALUE Fsw
16
- Fswovom) + AFss

8 - - Fswinom)

I Fswvom) - AFsS

! < COUNTER CLOCK PERIOD (1/FcounT)
- REPEAT PERIOD (1/Fss_MoD)

-

L

FCOUNT = Fss_mop x [2V*1-2]

N = COUNTER RESOLUTION (16 BITS)

Fss_moD = MODULATION RATE (1, 3, 5, OR 7kHz)

AFss = MODULATION ENVELOPE (+8%, +12%, OR +16%)

Figure 9. 4-Bit Triangular Modulation Signal Example

Inductor Current Limits

The MAX77540 has a cycle-by-cycle current limit feature that prevents the inductor current (in each phase) from
increasing beyond the Ip - If an on-time is ended by the peak current limit, the Buck prevents a new on-time from
starting until the inductor current falls below the valley current limit (I ) which is typically set 1A less than the Ip -
This prevents the inductor current from increasing uncontrollably due to the overloaded output. In case the on-time
determined by the given operating condition is less than 130ns (typ), the next on-time pulse is not triggered until the
inductor current hits the Iy . Each Buck has four PLIM thresholds which are individually set by Mx_ILIM[1:0] bits. See
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the Register Map for more details. The programmable PLIM thresholds allow an optimal circuit protection and inductor
selections for the given operating conditions and load requirements.

Power-OK (POK)

The MAX77540 features the Power-OK (POK) comparators to monitor the quality of each Buck output. The Mx_POK
status bits continuously reflect the status of these monitors. The quality of Buck output can be directly monitored by the
corresponding POKXx pins. The POKx are active-high, open-drain outputs that require an external pullup resistor (typ
10kQ to 100kQ). The POKx output goes high if the corresponding Buck output voltage rises above the Vpok R (typ 82%

of the Vouyr target) when the soft-start is completed. When the corresponding Buck falls below the Vpok_F (typ 78% of
the VoyT target), the POKx output goes low.

The Mx_POKFLT_l interrupt is also available to signal whenever any of the Mx_POK status bit changes from 1 to 0. Each
Mx_POKFLT_I bit is individually maskable. See the Reqister Map for more details.

Fault Protection

The MAX77540 has fault protection scheme designed to protect itself from abnormal conditions. The Bucks have
additional short-circuit protection (SCP) and thermal shutdown (Tsypn) protection functions that operate according to
the state machine in Figure 10. The operation of the state machine is summarized as follows:

e If one of the enabled Buck outputs falls below the Vpok F (typ 78% of regulation target), then the Mx_POKFLT_]I
asserts.

e If one of the enabled Buck outputs stays below the Vpok R (typ 82% of regulation target) for longer than tpok TO,
then the corresponding output is disabled immediately, while other outputs initiate soft-stop. B

e |f one of the phases continues to have an unbroken string of on-times terminated by current limit for longer than
the tpok TO, then the corresponding output is disabled immediately, while other outputs initiate soft-stop (the
Mx_SCPFLT | interrupt asserts when unmasked).

e |f one of the enabled Buck outputs falls below the Vgcp (typ 20% of regulation target), then the corresponding output
is disabled immediately, while other outputs initiate soft-stop.

e |[f the junction temperature exceeds the TgypnN (typ 165°C), then all Bucks outputs are disabled immediately and the
TSHDN_I interrupt asserts.

e The POK and SCP monitoring is not active during the soft-start and soft-stop.

To exit the fault state, all of the following conditions need to be satisfied:

e The die temperature falls below the TgypN by approximately 15°C (Tsypn = 0).

e One or all Bucks are disabled:
« If the fault state was latched due to SCP, then only the Buck that caused SCP needs to be disabled to clear fault.
+ If the fault state was latched due to TgHpnN, then all Buck outputs need to be disabled to clear fault.
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1) ASSUMES Vsys AND Vvop ARE VALID
(REGISTERS ARE RESET WHEN Vsys < POR
OR Vvop < Vvbp_uvio F)

2) TRANSITION IS PREVENTED DURING SOFT-
START AND SOFT-STOP

3) IN SOFT SHORT-CIRCUIT STATE,
INDIVIDUAL OUTPUTS CAN STILL BE
ENABLED OR DISABLED

ALL Vourx 2 82% of TARGET ONE OF Vourx < 78% OF TARGET

4) TO CLEAR Tsnon FAULT, ALL OUTPUTS
MUST BE DISABLED, WHILE ONLY
SHORTED OUTPUT NEEDS TO BE
DISABLED FOR SHORT-CIRCUIT FAULT

SOFT SHORT-CIRCUITY
(Mx_POKB = 1 WHEN Vourx < 78%)

teLapsep < trok_To

ONE OF Vourx < 20% OF TARGET
OR teLapsep 2 trok_To

Ty<+150°C AND
(ENx == Mx_EN == 0)% FAULT
(TsHon = 1 OR Mx_SCP = 1)
ALL OUTPUTS ARE FORCED o
DISABLED T, 2 +165°C

Figure 10. Fault Protection State Diagram

Detailed Description—I2C Serial Interface

The MAX77540 features an I2C version 3.0 compatible, 2-wire serial interface consisting of a serial clock line (SCL) and
a bidirectional serial data line (SDA). The MAX77540 is a slave-only device that relies on an external bus master to
generate the SCL clock. The SCL clock rates from OHz to 3.4MHz are supported. As 12C is an open-drain bus, the SDA
and the SCL require external pullup resistors.

Slave Address

The 12C communication controller implements a 7-bit slave addressing and the slave address is user-selectable using
ADDR pin on the PCB. All other slave addresses not listed in Table 10 are not acknowledged. The device uses 8-bit
registers with 8-bit register addressing. They support standard communication protocols: (1) Writing to a single register,
(2) Writing to multiple sequential registers with an autoincrement data pointer, (3) Reading from a single register, and
(4) Reading from multiple sequential registers with an autoincrement data pointer. For additional information about 12C
protocols, refer to 12C specifications.

Table 10. I2C Slave Address Options

ADDR PIN 7-BIT SLAVE ADDRESS 8-BIT WRITE ADDRESS 8-BIT READ ADDRESS
ov 7'h75 (111 0101) OXEA (1110 1010) OXEB (1110 1011)
VbD 7'h76 (111 0110) OXEC (1110 1100) OXED (1110 1101)
FLOAT 7'h77 (111 0111) OXEE (1110 1110) OXEF (1110 1111)
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Register Map
MAX77540 WLP Package
ADDRESS | NAME MSB LSB
GLOBAL CONFIGURATION 1
0x00 | INT_SRC[7:0] RESERVED[5:0] BUCK_| TOP?YS
0x01 | INT_SRC_M[7:0] RESERVED[5:0] BUCK_M Toplavs
EXT_FR
0x02 | TOPSYS_INT[7:0] RESERVED[1:0] | EQ_DET AL;—ISW UVLO_| TSHIDN— TJ—1|4°C TJ—1|2°C
N - - -
EXT_FR
0x03 | TOPSYS_INT_M[7:0] RESERVED[1:0] | EQ DET | ALT-SW | yyro m | TSHDN_ | TJ_140C | TJ_120C
Vi o_M M M M
0x04 | TOPSYS_STAT[7:0] RESERVED[1:0] EéTBFER; A"T6SW UVLO | TSHDN | TJ_ 140 | TJ_120
0x06 | DEVICE_CFG1[7:0] RESERVED[2:0] SEL1_LATCH[4:0]
0x07 | DEVICE_CFG2[7:0] RESERVED[2:0] SEL2_LATCH[4:0]
0x08 | TOPSYS_CFG[7:0] RESERVED[4:0] RESERV | RESERV | DIS_ALT
ED ED N
0x09 | PROT_CFG[7:0] RESERVED[4:0] EN(—),F\ITM POK_TO[1:0]
0x0B | EN_CTRL[7:0] RESERVED[1:0] | M2_LPM | M1_LPM | RESERVED[1:0] | M2_EN | M1_EN

GLOBAL CONFIGURATION 2

0x11 | GLB_CFG1[7:0] RESERVED[10] | SSTOP_SR[2:0] | SSTRT_SR[2:0]
BUCK1 CONFIGURATION
M2_SCF | M1_SCF M2_POK | M1_POK
N N sl = . T _
0x20 | BUCK_INT[7:0] RESERVED[1:0] ) ) RESERVED[:0] | Ay [ MRy
M2_SCF | M1_SCF M2_POK | M1_POK
. . = = . = =
0x21 | BUCK_INT_M[7:0] reserveortol | VBT [ M | Reserveortor | RO [T
0x22 | BUCK_STAT[7:0] rReserveDto] | MASCT | MISCF I reservEDI10] | M2_POK | M1_POK
0x23 | M1_VOUT[7.0] M1_VOUT[7:0]
0x25 | M1_CFG1[7:0] M1_RNG[1:0] M1_RD_SR[2:0] | M1_RU_SR[2:0]
0x26 | M1_CFG2[7:0] M1_SS_ENV[1:0] | M1_SS_FREQ[:0] | M1_SS_PAT[1:0] 'V”EESR MY
M1_ADI | M1_ADI | M1_ULT | M1_FTR
. by . = -~ _ . _ .
0x27 | M1_CFG3[7:0] JETAS 5 = o M1_FREQ[1:0] MA1_ILIM[1:0]
BUCK2 CONFIGURATION
0x33 | M2_VOUT[7.0] M2_VOUT[7:0]
0x35 | M2_CFG1[7:0] M2_RNG[1:0] M2_RD_SR[2:0] | M2_RU_SR[2:0]
0x36 | M2_CFG2[7:0] M2_SS_ENV[1:0] | M2_SS_FREQ[1:0] | M2 _SS_PAT[1:0] MZEESR MZ—JPW
M2_ADI | M2_ADI | M2_ULT | M2_FTR
. by =~ = ~ . .
0x37 | M2_CFG3[7:0] TS < - o M2_FREQ[1:0] M2_ILIM[1:0]
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Register Details
INT_SRC (0x00)
BIT 7 | 6 5 4 3 2 1 0
Field RESERVEDI5:0] BUCK_I TOPSYS_|
Reset 0x0 0x0 0x0
Access
Type Read Only Read Only | Read Only
BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:2 Reserved. Returns '0'
0x0 = Interrupt event in Buck has not detected
BUCK_ 1 Buck Interrupt Source 0x1 = Interrupt event in Buck has detected
0x0 = Interrupt event in TOPSYS has not detected
TOPSYS_| 0 Top-Level Interrupt Source 0x1 = Interrupt event in TOPSYS has detected

INT_SRC_M (0x01)

BIT 7 | 6 5 \ 4 3 2 1 0
Field RESERVEDI[5:0] BUCK_M | TOPSYS_M
Reset 0x3F 0x1 0x0
Access Write, Read Write, Read | Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:2 Reserved. Returns '1'
0x0 = Enable BUCK_I
BUCK_M 1 Buck Interrupt Source Mask 0x1 = Mask BUCK_|
0x0: Enable TOPSYS_|
TOPSYS_M 0 Top-Level Interrupt Source Mask Ox1: Mask TOPSYS._|

TOPSYS_INT (0x02)

BIT 7 | 6 5 4 3 2 1 0
Field RESERVEDI[1:0] EXB-;.F I;:Q ALT—ISWO— UVLO_ TSHDN_I TJ_140C_| | TJ_120C_I
Reset 0x0 0x0 0x0 0x0 0x0 0x0 0x0
Access Read Clears All Read Read Read Read Read Read
Type Clears All Clears All Clears All Clears All Clears All Clears All

BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:6 Reserved. Returns '0'
0x0 = Valid external frequency has not detected at
EXT_FREQ_ . one of FPWMNxB inputs
DET | S External Clock Frequency Detection Interrupt 0x1= Valid external frequency has detected at one
of FPWMxB inputs
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BITFIELD

BITS

DESCRIPTION

DECODE

ALT_SWO _|

Alternate Input Switch-Over Interrupt

switched to ALT_IN input

switched to ALT_IN input

0x0 = Input voltage of internal bias circuitry has not

0x1 = Input voltage of internal bias circuitry has

UVLO |

SYS Undervoltage Lock-Out Interrupt

UVLO threshold

UVLO threshold

0x0 = Input voltage (Vgys) has not dropped below

0x1 = Input voltage (Vgys) has dropped below

TSHDN_|

Thermal Shutdown Interrupt

TSHDN threshold (165°C)

TSHDN threshold (165°C)

0x0 = Junction temperature has not risen above

0x1 = Junction temperature has risen above

TJ_140C_|

Thermal Warning2 Interrupt

140°C

0x0 = Junction temperature has not risen above

0x1 = Junction temperature has risen above 140°C

TJ_120C_|

Thermal Warning1 Interrupt

120°C

0x0 = Junction temperature has not risen above

0x1 = Junction temperature has risen above 120°C

TOPSYS_INT_M (0x03)

BIT 7 | 6 5 4 3 2 1 0
Field RESERVEDI[1:0] EX;EI_-'I_R'\EAQ ALT—SIWO— UVLO_M TSHDN_M | TJ_140C_M | TJ_120C_M
Reset 0x3 0x1 0x1 0x0 0x1 0x1 0x1
Access . . . . . . .

Type Write, Read Write, Read | Write, Read | Write, Read | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:6 Reserved. Returns '1'
EXT_FREQ_ 5 External Clock Frequency Detection Interrupt | Ox0 = Enable EXT_FREQ_DET_|
DET_M Mask 0x1 = Mask EXT_FREQ_DET_|
ALT_SWO_ . 0x0 = Enable ALT_SWO_|
M 4 Alternate Input Switch-Over Interrupt Mask Ox1 = Mask ALT_SWO_|
0x0 = Enable UVLO I
UVLO_M 3 SYS Undervoltage Lock-Out Interrupt Mask Ox1 = Mask UVLO |
0x0 = Enable TSHDN_I
TSHDN_M 2 Thermal Shutdown Interrupt Mask Ox1 = Mask TSHDN_ |
. 0x0 = Enable TJ_140C_I
TJ_140C_M 1 Thermal Warning2 Interrupt Mask 0x1 = Mask TJ_140C_|
. 0x0 = Enable TJ_120C_|
TJ_120C_M 0 Thermal Warning1 Interrupt Mask 0x1 = Mask TJ_120C_|
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TOPSYS_STAT (0x04)

BIT 7 | 6 5 4 3 2 1 0
Field RESERVEDI[1:0] EXTBFEBI_EQ ALT_SWO UVLO TSHDN TJ_140 TJ_120
Reset 0x0 0x0 0x0 0x0 0x0 0x0 0x0
Access
Type Read Only Read Only | Read Only | Read Only | Read Only | Read Only | Read Only

BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:6 Reserved. Returns '0'
EXT_FREQ_ . 0x0 = Valid external frequency is not detected
DET S External Clock Frequency Detection Status 0x1 = Valid external frequency is detected
. 0x0 = Vpp & V| LDO is powered from SYS
ALT_SWO 4 Alternate Input Switch-Over Status 0x1 = Vpp & V| LDO is powered from ALT_IN
UVLO 3 SYS Undervoltage Lock-Out Status 0x0 = Vsys 2 VuvLo_R
0x1=Vsyg =Vyvio F
0x0 =Ty <150°C
TSHDN 2 Thermal Shutdown Status Ox1 =T, 2 165°C
. 0x0=T;<125°C
TJ_140 1 Thermal Warning2 Status Ox1 = Ty 2 140°C
. 0x0=Ty<105°C
TJ_120 0 Thermal Warning1 Status Ox1 =T, 2 120°C

DEVICE_CFG1 (0x06)

BIT 7 | 6 \ 5 4 3 2 | 1 0
Field RESERVED[2:0] SEL1_LATCH[4:0]
Reset 0x0 0x0
Access
Type Read Only Read Only
BITFIELD BITS DESCRIPTION
RESERVED 75 Reserved. Returns '0'
SEL1_LATCH 4:0 SEL1 Latched Code
DEVICE_CFG2 (0x07)
BIT 7 | 6 ] 5 4 3 2 | 1 0
Field RESERVED[2:0] SEL2_LATCH[4:0]
Reset 0x0 0x0
Access
Type Read Only Read Only
BITFIELD BITS DESCRIPTION
RESERVED 75 Reserved. Returns '0'
SEL2_LATCH 4:0 SEL2 Latched Code
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TOPSYS _CFG (0x08)

BIT 7 | 6 5 \ 4 3 2 1 0
Field RESERVED[4:0] RESERVED | RESERVED DIS—,\AILT—I
Reset 0x0 0x0 0x0 0x0
Access Write, Read Write, Read | Write, Read | Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:3 Reserved. Returns '0'
RESERVED 2 Reserved. Returns '0'
RESERVED 1 Reserved. Returns '0'
0x0 = Allow Vpp and V|_ supply switch over to
DIS_ALT_IN 0 Alternative Input for Vpp and V| LDO ALT_IN
0x1 =Vpp and V| LDO is powered from SYS

PROT_CFG (0x09)

BIT 7 | 6 5 ] 4 3 2 1 ] 0
Field RESERVEDI[4:0] EN_FTMON POK_TO[1:0]
Reset 0x0 0x0 0x0
Access Write, Read Write, Read Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:3 Reserved. Returns '0'

0x0 = Monitor junction temperature only when one
or more outputs is/are enabled

EN_FTMON 2 Forced Junction Temperature Monitor _ o -
0x1 = Monitor junction temperature even when all
the outputs are disabled
0x0 = Disabled

POK_TO 1:0 Power-OK Fault Time-Out Setting Ox1 = 25ms
0x2 = 50ms
0x3 =100ms

EN_CTRL (0x0B)

BIT 7 | 6 5 4 3 2 1 0
Field RESERVED[1:0] M2_LPM M1_LPM RESERVED[1:0] M2_EN M1_EN
Reset 0x0 0x0 0x0 0x0 0x0 0x0
¢;:;:ss Write, Read Write, Read | Write, Read Write, Read Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:6 Reserved. Returns '0'
M2_LPM 5 Buck Master2 Low Power Mode Control 0x0 f Disable
0x1 = Enable
M1_LPM 4 Buck Master1 Low Power Mode Control 0x0 = Disable
0x1 = Enable
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BITFIELD BITS DESCRIPTION DECODE
RESERVED 3:2 Reserved. Returns '0'
0x0 = Disable
M2_EN 1 Buck Master2 Enable Control 0x1 = Enable (‘OR’ Logic with EN2 Input)
0x0 = Disable
M1_EN 0 Buck Master1 Enable Control 0x1 = Enable (‘OR’ Logic with EN1 Input)

GLB_CFG1 (0x11)

BIT 7 | 6 5 4 \ 3 2 | 1 \ 0

Field RESERVED[1:0] SSTOP_SR[2:0] SSTRT_SR[2:0]
Reset 0x0 0x0 0x4
Access Write, Read Write, Read Write, Read
Type

BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:6 Reserved. Returns '0'
0x0 =-0.15mV/us
0x1 =-0.625mV/us
0x2 = -1.25mV/us
. 0x3 = -2.5mV/us
SSTOP_SR 5:3 Global Soft-Stop Slew-Rate Control Ox4 = -5.0mV/yis
0x5 = -10mV/us
0x6 = -20mV/us
0x7 = -40mV/us
0x0 = 0.15mV/us
0x1 = 0.625mV/us
0x2 = 1.25mV/us
SSTRT_SR 2:0 Global Soft-Start Slew-Rate Control 0x3 = 2.5mV/us
- 0x4 = 5.0mV/us
0x5 = 10mV/us
0x6 = 20mV/us
0x7 = 40mV/us
BUCK_INT (0x20)

BIT 7 | 6 5 4 3 \ 2 1 0
Field RESERVED[1:0] M2_S(|3FLT M1—S?FLT RESERVED[1:0] M2__I?OIKFL M1—$OIKFL
Reset 0x0 0x0 0x0 0x0 0x0 0x0
Access Read Read Read Read
Type Read Clears Al Clears All | Clears Al Read Clears Al Clears All | Clears Al

BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:6 Reserved. Returns '0'
0x0 = Buck Master2 Short-circuit Fault has not
L been detected
M2_SCFLT_I 5 Buck Master2 Short-Circuit Fault Interrupt 0x1 = Buck Master2 Short-circuit Fault has been
detected
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BITFIELD BITS DESCRIPTION DECODE
0x0 = Buck Master1 Short-circuit Fault has not
- been detected
M1_SCFLT_I 4 Buck Master1 Short-Circuit Fault Interrupt 0x1 = Buck Master1 Short-circuit Fault has been
detected
RESERVED 3:2 Reserved. Returns '0'
0x0 = Buck Master2 Power-OK Fault has not been
M2_POKFLT detected
| L Buck Master2 Power-OK Fault Interrupt 0x1 = Buck Master2 Power-OK Fault has not been
detected
0x0 = Buck Master1 Power-OK Fault has not been
M1_POKFLT detected
| 0 Buck Master1 Power-OK Fault Interrupt 0x1 = Buck Master1 Power-OK Fault has been
detected

BUCK_INT_M (0x21)

BIT 7 | 6 5 4 3 2 1 0
. . M2_SCFLT | M1_SCFLT . M2_POKFL | M1_POKFL
Field RESERVED[1:0] M M RESERVEDI[1:0] M T M
Reset 0x3 0x1 0x1 0x3 0x1 0x1
¢;::ss Write, Read Write, Read | Write, Read Write, Read Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:6 Reserved. Returns '1'
M2_SCFLT_ 5 Buck Master2 Short-Circuit Fault Interrupt 0x0 = Enable M2_SCFLT_|I
M Mask 0x1 = Mask M2_SCFLT |
M1_SCFLT_ 4 Buck Master1 Short-Circuit Fault Interrupt 0x0 = Enable M1_SCFLT_I
M Mask 0x1 = Mask M1_SCFLT_|I
RESERVED 3:2 Reserved. Returns '1'
M2_POKFLT 0x0 = Enable M2_POKFLT _|I
M 1 Buck Master2 Power-OK Fault Interrupt Mask 0x1 = Mask M2_POKFLT |
M1_POKFLT 0x0 = Enable M1_POKFLT |
M 0 Buck Master1 Power-OK Fault Interrupt Mask 0x1 = Mask M1_POKFLT |
BUCK STAT (0x22)

BIT 7 | 6 5 4 3 \ 2 1 0
Field RESERVED[1:0] M2_SCFLT | M1_SCFLT RESERVEDI[1:0] M2_POK M1_POK
Reset 0x0 0x0 0x0 0x0 0x0 0x0
%(,:;:ss Read Only Read Only Read Only Read Only Read Only Read Only

BITFIELD BITS DESCRIPTION DECODE
RESERVED 7:6 Reserved. Returns '0'
0x0 = Buck Master2 output voltage is higher than
M2_SCFLT 5 Buck Master2 Short-Circuit Fault Status its SCP threshold, or Buck Master? is disabled
- 0x1 = Buck Master2 output voltage is lower than its
SCP threshold
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BITFIELD BITS DESCRIPTION DECODE
0x0 = Buck Master1 output voltage is higher than
M1_SCFLT 4 Buck Master1 Short-Circuit Fault Status its SCP threshold, or Buck Master1 is disabled
0x1 = Buck Master1 output voltage is lower than its
SCP threshold
RESERVED 3:2 Reserved. Returns '0'
0x0 = Buck Master2 output voltage is lower than its
POK threshold, or Buck Master2 is disabled
M2_POK L Buck Master2 Power-OK Status 0x1 = Buck Master2 output voltage is higher than
its POK threshold
0x0 = Buck Master1 output voltage is lower than its
POK threshold, or Buck Master1 is disabled
M1_POK 0 Buck Master1 Power-OK Status 0x1 = Buck Master1 output voltage is higher than
its POK threshold
M1_VOUT (0x23)
BIT 7 | 6 5 4 \ 3 \ 2 1 0
Field M1_VOUT[7:0]
Reset 0x41
Access Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
When M1_RNG = 0x0:
0x0 - 0x8B = (0.5 + 0.005 x M1_VOUT)V
0x8C - OxFF = 1.20V
When M1_RNG = 0x1:
M1_VOUT 7:0 g:c'i‘s't\gfsm” Output Voltage Control 0x0 - 0x8B = (1.0 + 0.01 x M1_VOUT)V
9 0x8C - OxFF = 2.40V
When M1_RNG = 0x2:
0x0 - Ox9F = (2.0 + 0.02 x M1_VOUT)V
0xAO0 - OxFF = 5.20V
M1_CFG1 (0x25)
BIT 7 | 6 5 4 \ 3 2 1 ] 0
Field M1_RNG[1:0] M1_RD_SR[2:0] M1_RU_SR[2:0]
Reset 0x2 0x0 0x4
Access Write, Read Write, Read Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
Buck Master1 Output Voltage Range Setting 0x0 f qu-range (0.5Vto 1.2V, SmV step)
. . . ; 0x1 = Mid-range (1.0V to 2.4V, 10mV step)
M1_RNG 7:6 (Register setting must not be changed while i
. 0x2 = High-range (2.0V to 5.2V, 20mV step)
the output is enabled) _
0x3 = Reserved
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BITFIELD

BITS

DESCRIPTION

DECODE

M1_RD_SR

5:3

Buck Master1 Ramp-Down Slew-Rate Setting

0x0 =-0.15mV/us
0x1 =-0.625mV/us
0x2 = -1.25mV/us
0x3 = -2.5mV/us
0x4 = -5.0mV/us
0x5 = -10mV/us
0x6 = -20mV/us
0x7 = -40mV/us

M1_RU_SR

2:0

Buck Master1 Ramp-Up Slew-Rate Setting

0x0 = 0.15mV/us
0x1 = 0.625mV/us
0x2 = 1.25mV/us
0x3 = 2.5mV/us
0x4 = 5.0mV/us
0x5 = 10mV/us
0x6 = 20mV/us
0x7 = 40mV/us

M1_CFG2 (0x26)

BIT

7|

6 5 ] 4

3 \ 2 1 0

Field

M1_SS_ENV[1:0]

M1_SS_FREQ[1:0]

M1_SS_PAT[1:0] M1_FSREN | M1_FPWM

Reset

0x0

0x0

0x3 0x1 0x0

Access
Type

Write, Read

Write, Read

Write, Read Write, Read | Write, Read

BITFIELD

BITS

DESCRIPTION

DECODE

M1_SS_ENV

7:6

Buck Master1 Spread Spectrum Envelope
Setting

0x0 = Disable
0x1 =18%
0x2 = +12%
0x3 = +16%

M1_SS_FRE
Q

5:4

Buck Master1 Spread Spectrum Frequency
Setting

0x0 = 1kHz
0x1 = 3kHz
0x2 = 5kHz
0x3 = 7kHz

M1_SS_PAT

3:2

Buck Master1 Spread Spectrum Pattern
Setting

0x0 = Triangular Pattern (0001b to 1111b)

0x1 = Pseudo-Random Polynomial (x4 + x + 1)
0x2 = Pseudo-Random Polynomial (x4 + x3 + 1)
0x3 = Pseudo-Random Polynomial (Alternating "x4
+x+ 1" and "x4 + x3 + 1" every cycle)

M1_FSREN

Buck Master1 Falling Slew-rate Control

0x0 = Disable (Buck does not sink current from
Cout in SKIP or LP-SKIP mode)

0x1 = Enable (Buck operates in FPWM mode to
sink current from Coyt when its VouT(TARGET) is
lower than the actual Voyr)

M1_FPWM

Buck Master1 Forced-PWM Control

0x0 = Disable (Automatic SKIP mode operation
under light load condition)
0x1 = Enable (‘OR’ Logic with FPWM1B input)
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M1_CFG3 (0x27)

BIT 7 6 5 4 3 \ 2 1 \ 0
Field M1—A0DIS10 M1_ADIS1 | M1_ULTRA | M1_FTRAK M1_FREQ[1:0] M1_ILIM[1:0]
Reset 0x1 0x0 0x0 0x0 0x1 0x3
¢;;:ss Write, Read | Write, Read | Write, Read | Write, Read Write, Read Write, Read

BITFIELD BITS DESCRIPTION DECODE
M1_ADIS100 7 Buck Master1 100Q Active Discharge 0x0 = Disable
0x1 = Enable
Buck Master1 1Q Active Discharge, Note that .
1Q active discharge must be disabled when 0x0 = Disable
M1_ADIS1 6 . gen ) 0x1 = Enable (Active for 1ms after Soft-stop is
falling slew-rate function of corresponding completed)
output is disabled (M1_FSREN = 0) P
M1_ULTRA 5 Buck Master1 Ultrasonic Mode Control 0x0 = Disable
0x1 = Enable
M1 ETRAK 4 Buck Master1 Internal Frequency Tracking 0x0 = Disable
- Control 0x1 = Enable
0x0 = 0.5MHz
) o . 0x1=1.0MHz
M1_FREQ 3:2 Buck Master1 Switching Frequency Setting 0x2 = 1.6MHz
0x3 = 1.6MHz
0x0 = 1.50A
. - . 0x1 = 2.25A
M1_ILIM 1:0 Buck Master1 Peak Current Limit Setting 0x2 = 3.00A
0x3 = 4.50A
M2_VOUT (0x33)

BIT 7 6 5 4 3 2 1 0

Field M2_VOUT[7:0]

Reset 0x96

Access Write, Read

Type

BITFIELD BITS DESCRIPTION DECODE

When M2_RNG = 0x0:
0x0 - Ox8B = (0.5 + 0.005 x M2_VOUT)V
0x8C - OxFF = 1.20V
When M2_RNG = 0x1:

M2_VOUT 7:0 Buck Master2 Output Voltage Control 0x0 - 0x8B = (1.0 + 0.01 x M2_VOUT)V

Register

0x8C - OxFF = 2.40V

When M2_RNG = 0x2:

0x0 - Ox9F = (2.0 + 0.02 x M2_VOUT)V
0xAO - OxFF = 5.20V
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M2_CFG1 (0x35)

BIT 7 | 6 5 4 \ 3 2 1 \ 0
Field M2_RNG[1:0] M2_RD_SR[2:0] M2_RU_SRJ[2:0]

Reset 0x2 0x0 0x4
Access Write, Read Write, Read Write, Read
Type
BITFIELD BITS DESCRIPTION DECODE
. 0x0 = Low-range (0.5V to 1.2V, 5mV ste
Buck Master2 Output Voltage Range Setting Ox1 = Mid-rang?e ((1 0V to 2.4V 10mV st(-fg)
M2_RNG 7:6 (Register setting must not be changed while 0x2 = High-ranae (é oV to 5 2\’/ 20mV step)
the output is enabled) _ 9 ge e - P

0x3 = Reserved
0x0 = -0.15mV/us
0x1 =-0.625mV/us
0x2 = -1.25mV/us

M2_RD_SR 5:3 Buck Master2 Ramp-Down Slew-Rate Setting 8?2 : :ggmwﬁz
0x5 = -10mV/us
0x6 = -20mV/us
0x7 = -40mV/us
0x0 = 0.15mV/us
0x1 = 0.625mV/us
0x2 = 1.25mV/us

M2_RU_SR 2:0 Buck Master2 Ramp-Up Slew-Rate Setting 82 - ggmmj:
0x5 = 10mV/us
0x6 = 20mV/us
0x7 = 40mV/us

M2_CFG2 (0x36)

BIT 7 | 6 5 \ 4 3 \ 2 1 0
Field M2_SS_ENVI[1:0] M2_SS_FREQ[1:0] M2_SS_PAT[1:0] M2_FSREN | M2_FPWM
Reset 0x0 0x0 0x3 0x1 0x0
¢;;eess Write, Read Write, Read Write, Read Write, Read | Write, Read

BITFIELD BITS DESCRIPTION DECODE
0x0 = Disable
. Buck Master2 Spread Spectrum Envelope 0x1 = +8%

M2_SS_ENV 6 Setting 0x2 = £12%
0x3 = £16%
0x0 = 1kHz

M2_SS_FRE 54 Buck Master2 Spread Spectrum Frequency 0x1 = 3kHz

Q ' Setting 0x2 = 5kHz
0x3 = 7kHz
0x0 = Triangular Pattern (0001b to 1111b)
0x1 = Pseudo-Random Polynomial (x4 + x + 1)

M2_SS_PAT 3:2 223:‘”'\"3“”2 Spread Spectrum Pattern 0x2 = Pseudo-Random Polynomial (x4 + x3 + 1)

9 0x3 = Pseudo-Random Polynomial (Alternating "x4

+x+ 1" and "x4 + x3 + 1" every cycle)
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BITFIELD BITS DESCRIPTION DECODE
0x0 = Disable (Buck does not sink current from
Cout in SKIP or LP-SKIP mode)

M2_FSREN 1 Buck Master2 Falling Slew-Rate Control 0x1 = Enable (Buck operates in FPWM mode to
sink current from Coyt when its VouT(TARGET) is
lower than the actual Voyr)
0x0 = Disable (Automatic SKIP mode operation

M2_FPWM 0 Buck Master2 Forced-PWM Control under light load condition)
0x1 = Enable (‘OR’ Logic with FPWM2B input)

M2_CFG3 (0x37)

BIT 7 6 5 4 3 \ 2 1 ] 0
Field M2—A§IS1O M2_ADIS1 | M2_ULTRA | M2_FTRAK M2_FREQ[1:0] M2_ILIM[1:0]
Reset 0x1 0x0 0x0 0x0 0x1 0x3
¢;::ss Write, Read | Write, Read | Write, Read | Write, Read Write, Read Write, Read

BITFIELD BITS DESCRIPTION DECODE
M2_ADIS100 7 Buck Master2 100Q Active Discharge 0x0 = Disable
0x1 = Enable
Buck Master2 1Q Active Discharge. Note that .
1Q active discharge must be disabled when 0x0 = Disable
M2_ADIS1 6 . gen . 0x1 = Enable (Active for 1ms after Soft-stop is
falling slew-rate function of corresponding completed)
output is disabled (M2_FSREN = 0). P

M2_ULTRA 5 Buck Master2 Ultrasonic Mode Control 0x0 f Disable
0x1 = Enable

M2 FTRAK 4 Buck Master2 Internal Frequency Tracking 0x0 i Disable

- Control 0x1 = Enable
0x0 = 0.5MHz
. . . 0x1=1.0MHz

M2_FREQ 3:2 Buck Master2 Switching Frequency Setting 0x2 = 1.6MHz
0x3 = 1.6MHz
0x0 = 1.50A

) - . 0x1 =2.25A

M2_ILIM 1:0 Buck Master2 Peak Current Limit Setting 0x2 = 3.00A

0x3 = 4.50A
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Applications Information—Dual-Phase Configurable Buck Converter

Inductor Selection

An inductor with a saturation current that is greater than or equal to the peak current limit setting (Ip_p) is recommended.
The load current requirement (per phase) of the system is also considered to choose the RMS current rating of the
inductor. Inductors with lower saturation current and higher DCR ratings tend to be physically small, however higher
values of DCR reduce the efficiency. To choose a suitable inductor for the given application, trade-off the size of the
inductor and the DCR value. It is recommended to choose an inductance such that the inductor's ripple current to the
average current ratio is between 30% and 60%. Consider the output voltage range when choosing the inductance; in
general, 0.47uH are suitable for low-range outputs, 1.0uH are suitable for mid-range outputs, and 1.5uH are suitable for
high-range outputs. Note that higher inductances slow down the maximum slew rate of the inductor current, and high
duty cycles (V| close to VoyT) coupled with large inductance can slow down the load transient response.

Table 11. Recommended Inductors

LTS vovormeun | gt | o | s | ot
DFE252012F-R47M 0.47 +20% 23 6.7 4.9 25x20x1.2
DFE252012F-1ROM 1.0 £20% 40 4.7 3.3 25x20x1.2
DFE252012F-1R5M 1.5 +20% 58 3.8 2.7 25x20x1.2

For the dual-phase configuration, each phase needs its own inductor with the same inductance value (do not short the
LX nodes of different phases together on the PCB). See the Phase Configuration section for more information regarding
different phase configurations.

Input Capacitor Selection

The input capacitor (Cjy) reduces the current peaks drawn from the battery or input power source and reduces switching
noise in the device. The impedance of the C|y at the switching frequency should be kept very low. Ceramic capacitors
with X7R dielectric are highly recommended due to their small size, low ESR, and small temperature coefficients. For
most applications, a 10uF capacitor is sufficient.

Output Capacitor Selection

The output capacitor (CoyT) is required to keep the output voltage ripple small and to ensure the regulation loop
stability. The Coyt must have low impedance at the switching frequency. Ceramic capacitors with X7R dielectric are
highly recommended due to their small size, low ESR, and small temperature coefficients. The recommended minimum
effective output capacitance per phase is shown as follows:

Table 12. Recommended Minimum Effective Output Capacitance

Vout RANGE SWITCHING FREQUENCY (MHz) MINIMUM EFFECTIVE Coyt* (uF)
Low (0.3V - 1.2V) 1 42
Mid (1.0V - 2.4V) 1 24
High (2.0V - 5.2V) 1 16

* The required minimum CouyT(EFF) is inversely proportional to the switching frequency. For example, an output using RNG = 0 and
1MHz switching frequency requires a minimum of 42uF of effective output capacitance. Changing the switching frequency to
1.6MHz increases the CoyT requirement to 27uF (42uF/1.6).

The effective CoyT is the actual capacitance value seen by the Buck output during operation. The nominal capacitance
(CouT) needs to be selected carefully by considering the capacitor's initial tolerance, variation with temperature, and
derating with DC bias. Refer to Tutorial 5527 for more information. Larger values of the CoyTt (above the required
minimum effective) improve load transient performance, but increase the input inrush currents during startup. The output
filter capacitor must have low enough ESR to meet output ripple and load transient requirements. The output capacitance
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must be high enough to absorb the inductor energy while transitioning from full-load to no-load conditions. When using
high-capacitance, low-ESR capacitors, the filter capacitor's ESR dominates the output voltage ripple in CCM. Therefore,
the size of the output capacitor depends on the maximum ESR required to meet the output voltage ripple specifications.

General PCB Layout Guidelines

The power components should be placed first and then small analog control signals.

It is important to always have a ground layer next to the power stage layer because a solid ground layer provides
uninterrupted ground return path between the input and the output caps during switch on-time. (A solid plane
minimizes inductance to the absolute minimum and also is a very good thermal conductor and can act as a heat sink.)
It is recommended to have thick copper for the external high current power layers to minimize the PCB conduction
loss and thermal impedance.

The power stage loop that is made by the input capacitor (Cy), the LX trace, the inductor (L), and the output
capacitor (CoyT) coming back to the PGNDx bumps should be minimized for electromagnetic compatibility (EMC)
considerations.

The input capacitors (Cjy) should be located close to the input bumps of each phase.

Bypass capacitors for the V|, the Vpp, and the BSTx pins should be placed as close as possible.

Analog ground (AGND) and power ground (PGND) bumps should be directly connected to the ground plane
separately in order to avoid common impedance ground.

It is recommended to avoid having direct connection the SYS and its AGND traces to the nearest IN and the PGND
traces.

The output voltage sensing trace should not intersect the power stage (the loop made by the input capacitor, LX trace,
inductor, output capacitor, and the PGND)

It is important to have impedance matching between phases for stable operation in multiphase configuration. (The
output PCB trace of each phase should be as symmetric as possible.)

For multiphase configurations, the output voltage sensing bumps for the master phase should be connected to the
middle point of the output phases.
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Typical Application Circuits
1+1 Phase Configuration with I2C Enabled
DCPOWERSOURCE DC POWER SOURCE
(4.0V 10 16.0V) > Covs 2.24F SYS MAX77540 N1 < (4.0V to 16.0V)
25V (0603) 10 +10 I CiN1 10pF
(2-CHANNEL) 25V (0603)
Var v - ALT IN
(28vto6.0v)  ~ L carm2zuv |- CasT1 0.1pF
25V (0603) 6.3V (0201)
BST1 N2 Voutt
a T~ SANAX
cv2.2uF L LX1 >
6.3V (0402) Voo SNS1 CouTt
Ovop 1uF L — T
—  6.3V(0402) I PGND1 T 1ov
v L (060310805)
10 e e
N2 DC POWER SOURCE
< (4.0V to 16.0V)
CiN2 10pF
[ »{scL
CpsT20.1uF
< »-1SDA 6.3V (0201)
»12C_EN BSTZI— LoN2 Vout2
3A MAX
E—— T~~~
EN1 X2 >
—  »N SNS2 Couns
— 3x 22uF
PGND2 10V
— w»jODR J__ (0603/0805)
A, SEL1
POK1 >
A SEL2 POK2 >
\V4 AGND FPWM1B|t
& FPWM2B|
SCHEMATIC NOTES
N1: ONLY INSTALL IF ALT_IN IS USED. IF ALT_IN IS UNUSED, DO NOT POPULATE.
N2: USE 0.47uH FOR Mx_RNG = 0. USE 1.0uH FOR Mx_RNG = 1. USE 1.53H FOR Mx_RNG = 2. SEE INDUCTOR SELECTION. ﬁ
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Typical Application Circuits (continued)
1+1 Phase Configuration without 12C
DC POWER SOURCE DC POWER SOURCE
(4.0V 10 16.0V) > Covs 2.20F SYS M%Zi‘m N1 « (4.0V 10 16.0V)
CiNt 10pF
;; 25V (0603) (2-CHANNEL) I 25V 06%3
No [2C
Varn - ALT IN
(28vto6.0v)  ~ L carm2zuv |- CasT1 0.1pF
25V (0603) 6.3V (0201)
BST! N2 Voutt
a T~ SANAX
cw2.2uF L LX1 >
6.3V 0402) I Voo SNS1 CouTt
Ovop 1uF L — T
— 6.3V (0402) I PGND1 T v
L J__ (0603/0805)
N2 DC POWER SOURCE
ADDR < (4.0V 10 16.0V)
Cin2 10pF
IRQB I 25V (0603)
ScL
Cps120.1uF
SDA 6.3V (0201)
12C_EN BSTZI— LoN2 Vourz
Y4 T~~~ AW
LX2 >
SNS2 e Cout2
»{EN1 3x 22F
END PGND2 10V
J__ (0603/0805)
AN SEL1
POK1 >
AN SEL2 POK2 >
V AGND FPWM1B|-
& FPWM2B}
SCHEMATIC NOTES
N1: ONLY INSTALL IF ALT_IN IS USED. IF ALT_IN IS UNUSED, DO NOT POPULATE.
N2: USE 0.47uH FOR Mx_RNG = 0. USE 1.0pH FOR Mx_RNG = 1. USE 1.5uH FOR Mx_RNG = 2. SEE INDUCTOR SELECTION. %
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Typical Application Circuits (continued)
Dual-Phase Configuration with I2C Enabled
DC POWER SOURCE P DC POWER SOURCE
(4.0V 10 16.0V) > Covs 2.20F SYS MAX77540 IN1 - (4.0V 0 16.0V)
25V (0603) 20 T G o
g; (1-CHANNEL) — 25V(0603)
VAN ALT IN
(28V to 60V) CALT_|N 2.2uFN - IN2) -4
25V (0603) CiNz 10pF
L 25v(0603)
Cvi2.2uF [ L
6.3V (0402) CasT1 0.14F
L oot | 6.3V (0201)
T 6.3V(0402) BSTI— N2 Vours
Vio T~~~ 6A MAX
p— LX1 >
NS1
SNS Coutt
T 3x2F
- IRQB PGND1 10V
[ [ - —L (0603/0805)
»iscL —
CasT20.1pF
SDA 6.3V (0201)
»{2C_EN BSTZ— L
——> T~
EN1 X2
x——eN2 SNS2 Cours
 3x22pF
PGND2 10V
——»JaDR J__ (0603/0805)
A, SEL1
POK1 >
SEL2 POK2}——x
v AGND FPWM 1B}
i; FPWM2B}——x
SCHEMATIC NOTES
N1: ONLY INSTALL IF ALT_IN IS USED. IF ALT_IN IS UNUSED, DO NOT POPULATE.
N2: USE 0.474H FOR Mx_RNG = 0. USE 1.0yH FOR Mx_RNG = 1. USE 1.54H FOR Mx_RNG = 2. SEE INDUCTOR SELECTION. %
N3: EN2, POK2, FPWM2 ARE ALL SHOWN AS ‘NO CONNECT BECAUSE THEY ARE UNUSED IN 2-PHASE CONFIGURATION. =
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Typical Application Circuits (continued)
Dual-Phase Configuration without 12C
DC POWER SOURCE _ DC POWER SOURCE
(4.0V to 16.0V) © L csys22F SYS MAX27¢7540 INt L (4.0V to 16.0V)
25V Cin1 10uF
g 5V (0603) (1-CHANNEL) ]_: 25V (0603)
No I2C =
VALt N ALT IN
(2.8V 10 6.0V) L cammzzprv |- IN2 -
25V (0603) CiNz 104F
L 25v (0603)
Cvi2.2uF [ Vi
6.3V (0402) I CasT10.14F
L oo ™ 6.3V (0201)
6.3V (0402) BSTI— Line Vours
T~ BAMAX
— LX1 >
SNSt Coutt
oo PGND1 T %\32%
IRQB 1
L (0603/0805)
SCL CasT20.1pF -
SDA 6.3V (0201)
12C_EN BST2 Lowe
V LX2 T~~~
SNS2 Cout2
 3x22pF
EN1 PGND2 T 1ov
x N2 JT_ (0603/0805)
AN SEL1
POK1 >
SEL2 POK2———x
\V4 AGND FPWM1B|-
i; FPWM2B}——x
SCHEMATIC NOTES
N1: ONLY INSTALL IF ALT_IN IS USED. IF ALT_IN IS UNUSED, DO NOT POPULATE.
N2: USE 0.47uH FOR Mx_RNG = 0. USE 1.0yH FOR Mx_RNG = 1, USE 1.5 FOR Mx_RNG = 2. SEE INDUCTOR SELECTION. %
N3: EN2, POK2, FPWM2 ARE ALL SHOWN AS "NO CONNECT BECAUSE THEY ARE UNUSED IN 2-PHASE CONFIGURATION. =
Ordering Information
PART NUMBER FACTORY OPTION PIN-PACKAGE
MAX77540AAWV+T A 30 WLP
MAX77540AAFG+T* A 24 FC2QFN

T = Tape and reel.
* Future product. Contact factory for availability.
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Revision History
REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 4/21 Release for market intro —

For pricing, delivery, and ordering information, please visit Maxim Integrated’s online storefront at https://www.maximintegrated.com/en/storefront/storefront.html.
Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent

licenses are implied. Maxim Integrated reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max
limits) shown in the Electrical Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.
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