EVALUATION KIT AVAILABLE

MAXT77756

General Description

The MAX77756 is a synchronous 500mA step-down
DC-DC converter with integrated dual-input power multi-
plexer (MUX). The converter operates on an input supply
as low as 3.0V and as high as 24V. Default output volt-
age is factory-programmed to either 1.8V, 3.3V, or 5.0V.
Output voltage is further adjustable through external
resistors or an |12C serial interface.

The dual-input power MUX selects the higher voltage
from two different input sources to power the step-down
converter. Control circuitry ensures that only one channel
of the MUX is on at a time to prevent cross-conduction
between input sources. For single-input applications, the
MUX can be bypassed and the step-down converter can
be powered directly from the SUP pin.

The MAX77756 is available in a small 2.33mm x 1.42mm
(0.7mm max height), 15-bump wafer-level package
(WLP). For a similar buck converter without a power
MUX, refer to the MAX77596.

Applications

e USB Type-C Power Delivery Accessories and
Devices
Notebook and Tablet Computers

e Home Automation, Low Iq Smart Hubs
Battery-Powered Systems, Backup Battery,
Uninterruptible Rails

Ordering Information appears at end of data sheet.

Simplified Block Diagram

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Benefits and Features

e Wide Input Power Supply

+ 3V to 24V Supply Voltage

* 500mA (max) Output Current

+ 1.8V, 3.3V, or 5.0V Factory-Set VoyT Options or
External Feedback Resistor Option

+ Optional 12C Control for Fine VoyT Adjustment
(1.5V to 7.5V in 50mV Steps)

* Hardware or Software Enable

e Dual-Input Power MUX Replaces Common-Cathode
Diode Arrays
» Automatic Ideal-Diode ORing Voltage Selector
* 250mQ MOSFETs Minimize Power Consumption,
BOM, and Solution Size

e Low Ig Enables Always-On Rails
* 1.5pA Quiescent Current (Only SUP Powered)
* 19uA Quiescent Current (IN1/IN2 Powered)
» 88% Peak Efficiency (12Vsuyp, 3.3VouT)

e Safe and Easy to Use
+ Short-Circuit and Thermal Protection
+ 8ms Soft-Start
» Software-Enabled Spread Spectrum
* Pin-Programmable Inductor Peak Current Level

e Small Size
* 2.33mm x 1.42mm (0.7mm max height)
Wafer-Level Package (WLP)
e 15-Bump, 0.4mm Pitch, 3 x 5 Array
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MAX77756

Absolute Maximum Ratings

INT, IN2, SUP t0 PGND .......cooiiiiiiiicecce -0.3V to +26V
BIAS to PGND

ENto PGND ...

BST 10 LX o
BST to PGND......... .-0.3V to +31V

OUT/FB to PGND..........
POK, ILIM to PGND .........
POK, SDA Sink CUITENt .......uvviiiiieeeeeeeeeeeeceeeeeee e, 20mA

VIO 10 POND ..o -0.3V to +6V
SDA, SCL to PGND 0.3V to V|g + 0.3V

AGND t0 PGND........oooiiiiiiiiiii e -0.3V to +0.3V

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

IN1, IN2 Repetitive Forward Current (Tp = +85°C)

10% Duty Square Wave .........ccceereieiiiiinieesieceee e 4.1A
IN1, IN2 SUP Continuous Current ...........ccccoeeivienneene 1.6ARMS
LX Continuous Current (Note 1).........cccccovviiiiiiiiiennns 1.6ARMS
OUT/FB Short-Circuit Duration............cccceveiiniiennenne Continuous
Continuous Power Dissipation (Tp = +70°C)

(derate 16.22mW/°C above +70°C) ......ccccvvvevieennnnn. 1298mwW
Operating Temperature Range............cccocoeeuene. -40°C to +85°C
Junction Temperature..........ccccoveeeiiiiiieeciiee e +150°C
Soldering Temperature (reflow).......cccccccvveeeiiieeriiieennne +260°C

Note 1: LX has internal clamp diodes to PGND and SUP. Applications that forward bias these diodes should not 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.

Package Information
15 WLP

Package Code W151G2+1
Outline Number 21-100111

Land Pattern Number 90-100052
Thermal Resistance, Four-Layer Board:

Junction to Ambient (64) 61.65°C/W

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

pertains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer board.
For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.
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MAX77756 24V Input, 500mA Buck Regulator

with Dual-Input Power MUX

Electrical Characteristics

(Vsup = VEN = 12V, V|p = 1.8V, V|N1 = VN2 = 0V, configuration registers in reset. Limits are 100% production tested at Tp = +25°C,
limits over Tp = -40°C to +85°C are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX UNITS
STEP-DOWN CONVERTER
SUP Voltage Range Vsup 3 24 V
SUP Undervoltage Lockout VuvLo Vgyp rising 2.75 2.9 3.0 \Y
SUP Undgrvoltage Lockout 300 mV
Hysteresis
SUP Shutdown Current ISUP-SHDN VEN = OV (buck converter disabled) 0.75 3.0 MA
SUP QUIESCENT CURRENT
ILoap = OmA, VoyTt = 1.8V 6 18
ILoaDp = OmA, Voyt = 3.3V 1.5 3.0
SUP Quiescent Current Isup-Q PA
ILoaDp = OMA, Voyt = 5.0V 2.65 5.0
ILoaD = OmA, external feedback version 32 70
Vsup = 5.5V to 24V, BIAS not internally
BIAS Regulator Voltage VBIAS connected to OUT (Note 1) 5 Vv
Target regulation voltage, adjustable
Output Voltage Regulation Vv through 12C (for internal feedback 15 75 v
Range OUT-REG versions) from 1.5V to 7.5V in 50mV/LSB ’ ’
with V_OUTREG]I7:0]
OUTPUT VOLTAGE ACCURACY
Vsup = 12V,
VOUT-REG IOUI = 25°0mA, 1.78 1.8 1.82
=18V,18v |TA=+25°C
factory-default Vsup = 4.5V to 24V,
version loyT = OmA to 500mA, 1.746 1.8 1.854
Tpa =-40°C to +85°C
Vsuyp = 12V,
VOUT-REG louT = 250mA, 3.27 3.3 3.33
=3.3V, 3.3V Tp = +25°C
OUT Voltage Accuracy VouT factory-default \Y
version Vgyp = 4.5V to 24V,
loyt = OmA to 500mA, 3.2 3.3 34
Tp =-40°C to +85°C
Vsyp = 12V,
VOUT-REG louT = 250mMA, 4.95 5 5.05
=50V,50v |TAa=+25°C
fact(?ry-default Vsup = 6V to 24V, loyT
version = 0mAto 500mA, Tp = 4.85 5 5.15
-40°C to +85°C
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MAX77756 24V Input, 500mA Buck Regulator

with Dual-Input Power MUX

Electrical Characteristics (continued)
(Vsup = VEN = 12V, V|p = 1.8V, V|N1 = VN2 = 0V, configuration registers in reset. Limits are 100% production tested at Tp = +25°C,

limits over Tp = -40°C to +85°C are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
FB VOLTAGE ACCURACY
Vsuyp = 12V,
ILoAD = 250mA, 0.99 1 1.01
External Tp = +25°C
FB Voltage Accuracy VEB feedback \Y
version Vgyp = 3.0V to 24V,
ILoaD = OmA to 500mA, 0.97 1 1.03
Tp =-40°C to +85°C
FB Input Current IFB VEg = 1V, external feedback version 0.02 pA
OUT/FB Wake-Up Standbz/ mode exit threshold,
VWAKE ILoaD = OmA, expressed as a 99 %
Threshold
percentage of VoyUT-REG
OUT/FB Load Regulation 0 to 300mA load, FPWM mode (Note 2) 1 %
OUT/FB Line Regulation \F/SVVPM: r;‘;fd\(/at(oNi‘tlé/,z \)/OUT =33V, 0.02 %/Nsup
OUT/FB Soft-Start Ramp SOFT_ST=1 4
. tss ms
Time SOFT_ST=0 8
High-Side MOSFET _ _
On-Resistance RON-HS Vglas =5V, I x = 90mA 500 800 mQ
Low-Side MOSFET _ _
On-Resistance RoN-Ls Vglas =5V, I x = 90mA 500 800 mQ
|_PEAK[1:0] = 0b00 700
High-Side MOSFET Peak | I_PEAK[1:0] = 0b01 800 A
i LX-PEAK
Current Limit |_PEAK[1:0] = 0b10 800 900 1000
|_PEAK[1:0] = 0b11 1000
0,
Low it WOSFETvally | el I "
LX-VALLEY REG/)»
Current Threshold on-times are allowed to start
Hl.gh_SIde MOSFET Inductor current ramps to at least
Minimum Current ILX-PK-MIN | while skiopin 200 mA
Threshold LX-PK-MIN pping
Low-Side MOSFET
Zero-Crossing Threshold lzx 40 mA
Minimum On-Time tON-MIN Vout = 3.3V 80 ns
Maximum Duty Cycle Dmax 99 %
Switching Frequency fsw Continuous conduction 0.94 1 1.06 MHz
Spread-Spectrum o
Frequency Range Afgw Spread-spectrum enabled +6 %o
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MAX77756 24V Input, 500mA Buck Regulator

with Dual-Input Power MUX

Electrical Characteristics (continued)

(Vsup = VEN = 12V, V|p = 1.8V, V|N1 = VN2 = 0V, configuration registers in reset. Limits are 100% production tested at Tp = +25°C,
limits over Tp = -40°C to +85°C are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Soft-Short Output Voltage v 0.25 x v
Monitor Threshold OUT-OVRLD VOUT-REG

Switching stopped because

. VouT < 25% of VoyTt-REG @nd 15
Qutput Overloaded Retry tRETRY consecutive switching cycles ended by 15 ms
Timer

current limit, time before converter
attempts to soft-start again
POWER MULTIPLEXER
. . Minimum initial voltage to forward-bias
'(')\” é 'r':tzinM'\r}';nlt:me'”'t'a' ViNiViN2 | power MUX FET intrinsic body-diode to V+U2)’L70 v
P g g activate selection logic '
IN1/IN2 QUIESCENT CURRENT
VOUT =1.8V, VIN1 or VIN2 =12V, 38 100
ILoaD = OmA
VOUT =3.3V, VIN1 or VIN2 =12V, 185 30
ILoaD = OmA '
IN1/IN2 Quiescent Current In1-0/lIN2-Q MA
VouTt = 5.0V, VN1 or VN2 = 12V, 5 40
ILoaD = OmA
VIN1 or VIN2 =12V, ILOAD =0mA, 42 100
external feedback version
IN1/IN2 to SUP On-Resis- RON-IN1 ViNT = 5.5V, Iin1 = 90mA 250 400 0
tance RON-IN2 Ving = 5.5V, N2 = 90mA 250 400
IN1-LEAK | YSuP =12V, | Current from IN1 0.003 1
VINT = VIN2 =
IN1/IN2 Leakage 0V, IN1/IN2 to pA
SUP channel
lIN2-LEAK is off Current from IN2 0.003 1
Channel Selection (Note 3) 400 mv
Hysteresis
POWER-OK OUTPUT (POK)
VourT rising, expressed as a
VPOK-RISING percentage of VouT-REG %0 92 %
POK Threshold . %
Vour falling, expressed as a
VPOK-FALLING percentage of VoUT.REG 88 90 92
POK Debounce Timer tPOK-DB 12 us
POK Leakage Current IPoK _F;S: :2292 (high impedance), 1 pA
POK Low Voltage Vpok POK = low, sinking 1mA 0.4 Vv
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MAX77756 24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Electrical Characteristics (continued)

(Vsup = VEN = 12V, V|po = 1.8V, VN1 = VN2 = 0V, configuration registers in reset. Limits are 100% production tested at Tp = +25°C,
limits over Tp = -40°C to +85°C are guaranteed by design and characterization, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX UNITS
ENABLE INPUT (EN)
EN Logic-High Threshold VEN_HI 1.4 \Y
EN Logic-Low Threshold VEN_LO 0.4 \Y
EN Leakage Current IEN VEN = Vsup = 12V 0.1 MA
HIGH-SIDE CURRENT LIMIT INPUT (ILIM)
ILIM Logic-High Threshold ViLIM_HI 1.4 \Y
ILIM Logic-Low Threshold ViLim_Lo 0.4 \Y
SERIAL INTERFACE/I/O STAGE
V|o Voltage Range Vio 1.7 5.5 \Y
V|o Valid Logic Threshold 1.7 \Y
V|o Bias Current Ta=+25°C -1 0 +1 MA
SCL, SDA Input High Vil 0.7 x v
Voltage Vio
SCL, SDA Input Low Vi 0.3x v
Voltage Vio
SCL, SDA Input Hysteresis Viys 0'\22’( v
gg’rLréftDA Input Leakage I Vio = 5.5V, VoL = Vspa = OV or 5.5V -10 +10 uA
SDA Output Low Voltage VoL Sinking 20mA 0.4 Vv
SCL, SDA Pin Capacitance (Note 4) 10 pF
Input Filter Suppressed
Spike Maximum Pulse tsp (Note 4) 50 ns
Width
SERIAL INTERFACE/TIMING
Clock Frequency fscL 1 MHz
Bus Free Time Between
STOP and START tBUF 0.5 us
Condition
Hold Time REI?EATED o STA 260 ns
START Condition —
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MAX77756

Electrical Characteristics (continued)

(Vsup = VEN = 12V, V|po = 1.8V, VN1 = VN2 = 0V, configuration registers in reset. Limits are 100% production tested at Tp = +25°C,
limits over Tp = -40°C to +85°C are guaranteed by design and characterization, unless otherwise noted.)

24V Input, 500mA Buck Regulator

with Dual-Input Power MUX

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SCL Low Period tLow 500 ns
SCL High Period tHIGH 260 ns
Data Setup Time tsu_DAT 50 ns
Data Hold Time tHD DAT 0 us
SDA Fall Time t Time measured between V|g and Vo 120 ns

(Note 4)

Setup Time for STOP
Condition 'su_sTO 260 ns
THERMAL PROTECTION
Thermal Shutdown TSHDN Junction temperature rising +165 °C
Thermal Shutdown +15 °C
Hysteresis

Note 1: See the BIAS Regulator section.
Note 2: Forced PWM (FPWM) is an internal test mode.
Note 3: Off channel must be half of this value higher than the on channel for switch to happen.
Note 4: Design guidance only. Not production tested.
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MAX77756 24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Typical Operating Characteristics
(ViNx = VEN = 12V, Tp = +25°C, internal feedback version, unless otherwise noted.)

SUP QUIESCENT CURRENT SUP QUIESCENT CURRENT SUP QUIESCENT CURRENT
vs. VOLTAGE vs.VOLTAGE vs. VOLTAGE
1.8V OUTPUT 3.3V OUTPUT 5V OUTPUT
16 toc0 35 tocO 6 10c03
Vout=1.8V Vout=3.3V Vour =5V
14 _
,\ 30 - 5 \
— 12 . — \
i::l-, \ < 25 <3 4
= 10 = \ \ =
il - o, =4 =
Iéé —\\ Ta : +85°C fry 2.0 EEJ v Ty = +85°C
s \ Ta = +25°C 3 \ Ty 1 g ° \
= +25° (@] P ~—
E 6 = A ; E 15 \ ———— E
a a Ta = +25°C a 2
2 2
I Ty = -40°C a3 10 N———— @ \| Ta= +;;‘gvv
Ta = -40°C 1 =
2 05 Ta=40°C
0 0.0 0
0 10 20 30 0 10 20 30 0 10 20 30
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
SUP QUIESCENT CURRENT INx QUIESCENT CURRENT vs. INx QUIESCENT CURRENT vs.
vs.VOLTAGE VOLTAGE VOLTAGE
EXTERNAL FEEDBACK VERSION 1.8V OUTPUT 3.3V OUTPUT
70 t0c04 60 1oc0 0 10006
VouT=3.3V Vour=1.8V Vout=3.3V
60 50 = ® \
= N zF — 30 N\
g w0 \\ 3 . ™\ 3 \
= _ LaFo = = +25° = 25 N\
4 AN - g —| e 3 Nes°c
% \ ~—— | £ 3 ’95‘ 2 _
SEE) —Th = +25°C o Ta=40°C o —
5 — ] z Z 15 —
g Ta=40°C s 2 = Ta=+25°C
a2 2 7} 3 = 40°
10 Ta = 40°C
" 10 ;
0 0 0
0 10 20 30 0 10 20 30 0 10 20 30
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
INx QUIESCENT CURRENT INx QUIESCENT CURRENT
vs. VOLTAGE vs. VOLTAGE SHUTDOVWN CURRENT
5V OUTPUT EXTERNAL FEEDBACK VERSION vs. TEMPERATURE
45 B 80 e 18 Lot
Vout =5V
40 70 A 16 /
. /\\ Ta= +85°C,/
_ % \U _ 6 S TR n— —
< < \\ e
E 2 N >S~——— 2 12
= \N = +85°C 5 5 \ 5 yd Ta= +25£_’/
& o5 ] Ta = +25°C & 10
: PSS I B S : =
> =} > ,/
o 2 o Ta = -40°C o 08
5 . ) 5 —
a 15 Ta = +25°C o a 06 Ta = -40°C
3 . @ 7
10 Ta = -40°C 20 04
5 10 0.2
Vour=3.3V Vour = 0V (SHUTDOWN)
0 0 0.0
0 10 20 30 0 10 20 30 0 10 20 30
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
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MAX77756

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Typical Operating Characteristics (continued)
(ViNx = VEN = 12V, Tp = +25°C, internal feedback version, unless otherwise noted.)

EFFICIENCY vs. LOAD

1.8V OUTPUT
100 toc10
% VouT=1.8V
% Vsup=5V/‘A’\\’l/:\\\
. 70 //
€
s] / / Vine =5V
g 5
S //
R
w
30
N //
0 J
0.0001 0.001 0.01 0.1 1 10 100 1000
OUTPUT CURRENT (mA)
EFFICIENCY vs. LOAD
3.3VOUTPUT
100 toc1
Vout=3.3V
jg VSUP:5V/ /
g [ =y
5 60 / /
g 50
S L, f
[
s LI
o [
. LA
0.0001 0.001 0.01 0.1 1 10 100 1000
OUTPUT CURRENT (mA)
EFFICIENCY vs. LOAD
5V OUTPUT
100 - toc1
% Vour=5v =
ey cuii vt
32 Vsup = 12V/ /
g / Vinx =12V
5 60 / /
& %
£ [ ]
5 /]
w [l
o LA
0.0001 0.001 0.01 0.1 1 10 100 1000

OUTPUT CURRENT (mA)
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3.3VOUTPUT
100 2
Vout=3.3V
90
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60 / Ving =12V
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o Al
. / /
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%0001 0.001 0.01 0.1 1 10 100 1000
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4
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2
10

0
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EFFICIENCY vs. LOAD
5V OUTPUT

toc17

VouTr=5V

A

Vsup=24V// Vinx = 24V
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1.8V OUTPUT

Vout=1.8V

Vsyp =24V /

// Ving = 24V
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Il

0
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OUTPUT CURRENT (mA)
EFFICIENCY vs. LOAD
3.3VOUTPUT
100 toc1
Vour=3.3V
90
80 A'/\\
2 Vsup =24V /
&0 / / Ving = 24V
o [ ]
40 / /
" Ll
[y
0 /
0.0001 0.001 0.01 0.1 1 10 100 1000
OUTPUT CURRENT (mA)
EFFICIENCY vs. LOAD
EXTERNAL FEEmACKVEI'\’SIC!\l‘oc1
1:2 Vour =33V T
80 /' \
0 Vsup =5V //
/ Ving =5V
60
50 //
p /
30 //
20 //
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MAX77756 24V Input, 500mA Buck Regulator

with Dual-Input Power MUX

Typical Operating Characteristics (continued)

(ViNx = VEN = 12V, Tp = +25°C, internal feedback version, unless otherwise noted.)

EFFICIENCY vs. LOAD

EFFICIENCY vs. LOAD

EXTERNALFEE]BACKVERS!G\" . EXTERNALFEE]BACKVERS!G\" :
100 —loclS 100 —loc20
o0 Vour=3.3V % VouT=3.3V
80 ‘v/\ 80 ~
70 70
g . vsue=12v [/ g o A
> >
o Ving = 12V [ Vsup = 24V
Z 50 // Z % /
o o
© 40 Ty
g // g /
30 30
20 // 20 /
o j o //
0 0
0.0001 0001 001 01 1 10 100 1000 0.0001 0001 001 01 1 10 100 1000
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
LOAD REGULATION LOAD REGULATION
1.8V OUTPUT 3.3VOUTPUT
1.90 toc2 3.35 toc2:
3.34 o
188 \
=
s 186 S 332 ¥ AN Viny = 24V 7
% % 3.31 ‘\ N Ving =12V
=1 Vivw= 20V ] = NN N Vs
e Vi = 12V S 3% OSUO
= 182 Ving=5V — = NL N
5 T~ = 3.29 \ AN
5 \\\& 3 328
S 180 e —m—— o
\} 3.27 \
1.78 ~—
3.26
1.76 3.25
0 00 200 300 400 500 0 00 200 300 400 500
OUTPUT CURRENT (mA) OUTPUT CURRENT (mA)
LOAD REGULATION LINE REGULATION
5V OUTPUT 1.8V OUTPUT
510 toc2: 1.82 t0C2:
5.08 1.82 7 lout = 100mA—
——— e —
F— J—
506 | \\\ 1.81 lout = 0MA
s \ S 181 _—
@ 504 ™ & 180 // lout = 250mA_|
= \_ = P
g s AN Vins= 24V ] g 1%
5 Ving= 12V 5 47 /
£ 500 \\\\ E 7 ouT = 500mA
e e
3 179
198 \\\\ 3
178
496 \ /
178
494 177
0 100 200 300 400 500 0 10 20 30

OUTPUT CURRENT (mA)
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MAX77756 24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Typical Operating Characteristics (continued)
(ViNx = VEN = 12V, Tp = +25°C, internal feedback version, unless otherwise noted.)

LINE REGULATION LINE REGULATION
3.3VOUTPUT 5V OUTPUT
3.35 loc28 5.05 loc28
3.34 ; 5.04 ~ —
lout =0mA
333 5.03
lour = 0mA 7 lour=100mA
s 3 \ s 502 ~
w331 w501 I
O] = (]
£ 330 lour = 00mA_—— £ 500 _—
= 329 = = 499
5 7 / lout = 250mA 5 louT =250mA
E 328 E 498
2 2
© 327 © 497
326 lour = 500mA 496 Jour = 0mA
» lout = m. 3
3.25 /7 4.95 =]
324 494
0 10 20 30 0 10 20 30
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
STARTUP WAVEFORM LOAD TRANSIENT RESPONSE
3.3V OUTPUT (0mA LOAD) - 1.8V OUTPUT t0c28
Vine =12V
VEN
10Vidiv |- +
3.3v
V,
id -2/ BIAS SWITCHOVER TO OUT pr—
/ Vour (1.8V OFFSET)
5V
Vaias 3.3V
5Vidiv
ov
Isyp
50mA/div ¢
lout 400mA/div
2ms/div 100ps/div
LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE
3.3VOUTPUT oc26 5V OUTPUT o0
Vi = 12V § ] Vit 12V 0 '

v W ( " 100mvidiv 100mV/div
four ) ) <1 (3.3V OFFSET) Vour (6V OFFSET)

4 €
400mAiv lour : 400mAVdiv

lout

100us/div 100ps/div

www.maximintegrated.com Maxim Integrated | 11



MAX77756

Typical Operating Characteristics (continued)

24V Input, 500mA Buck Regulator

with Dual-Input Power MUX

(ViNx = VEN = 12V, Tp = +25°C, internal feedback version, unless otherwise noted.)

LOAD TRANSIENT RESPONSE
EXTERNAL FEEDBACK
VERSION .,
V=12V 1
100mV/div
Your M
/
lour « 400mA/div
100ps/div
LINE TRANSIENT RESPONSE
3.3VOUTPUT s
v
24V
T
4v
Vi 5V/div
v 50mV/div
out 1 (3.3V OFFSET)

200ps/div

LINE TRANSIENT RESPONSE
EXTERNAL FEEDBACKVERSION
24V
4 «
Viy 5V/div
v, W M 50mV/div
out (3.3V OFFSET)

200ps/div
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LINE TRANSIENT RESPONSE
1.8V OUTPUT e
- loc32
1]
24V
i
v ‘
Viy 5V/div
v ’ 50mV/div
out (1.8V OFFSET)
' * 200ps/div
LINE TRANSIENT RESPONSE
5V OUTPUT oo
v
24V
T
4
Vin 5Vidiv
v 50mV/div
out (5V OFFSET)
200ps/div
IN1/IN2 SWITCHOVER

toc36

v
i
v, | il U somvidiv
out ‘ i (AC-COUPLED)
Vsue
TRACKING HIGHER
OFV\N1N\NZ
/ s
1Vidiv

[ (7.5V OFFSET)

Vi

Vit

100ps/div
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MAX77756 24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Bump Configuration

MAX77756
1 2 3 4 5
+
. IN1 SUP
B V|o

15 WLP
TOP VIEW (BUMP SIDE DOWN)

Bump Description

BUMP NAME FUNCTION

Power MUX Input 1. IN1 and IN2 have equal priority to the power selector. Selection logic is only active
A1 IN1 when the IC is enabled through the EN pin or EN_BIT. A diode always exists between IN1 and SUP.
Connect to PGND to force PFET between IN1 and SUP off.

Power MUX Input 2. IN1 and IN2 have equal priority to the power selector. Selection logic is only active
C1 IN2 when the IC is enabled through the EN pin or EN_BIT. A diode always exists between IN2 and SUP.
Connect to PGND to force PFET between IN2 and SUP off.

A3 BST High-Side FET Driver Supply. Connect a 0.1uF ceramic capacitor between BST and LX.

Power MUX Output and Buck Supply Input. Bypass with a 1uF ceramic capacitor to PGND as close as
A2 SUP possible to the IC. If using IN1/IN2 to power the IC, do not prebias the SUP capacitor or connect SUP to
external loads. If using SUP to power the IC, connect IN1 and IN2 to PGND.

A4 LX Switching Node. LX is high impedance when the converter is disabled.

A5 PGND Power Ground. Connect to AGND on the PCB. Return the SUP and OUT bypass capacitors to PGND.
B4 AGND Quiet Ground. Connect to PGND on the PCB. Return the BIAS bypass capacitor to AGND.

C5 POK Open-Drain Power OK Output. An external pullup resistor is required.

Low-Voltage Internal IC Supply. Bypass to AGND with a 1uF ceramic capacitor. Do not load this pin

C3 BIAS
externally.

Internal Feedback Versions (MAX77756A/B/C): Output Voltage Sense Input. Connect a 10uH inductor
between OUT and LX. Bypass OUT to PGND with a minimum 22uF ceramic capacitor.

B5 OUT/FB | External Feedback Version (MAX77756D): Feedback Input. Connect a resistor voltage divider between
the converter's output and AGND to set the output voltage. Connect a 5.6pF feed-forward capacitor
between the converter's output and FB. Do not route FB close to sources of EMI or noise.

www.maximintegrated.com Maxim Integrated | 13
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24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Bump Description (continued)

BUMP NAME FUNCTION
Enable Input. Enables both the step-down converter and the power MUX. EN is compatible with the SUP
B3 EN voltage domain. Drive EN to PGND to disable the device. Drive EN above Vgn_p to enable the device.
If using 12C to control the buck, the enable bit (EN_BIT) interacts with the EN pin. See the Enable Control
section.
B1 Vio 12C Serial Interface Voltage Supply. Connect to PGND if not used.
Cc2 SCL I2C Serial Interface Clock. This pin requires a pullup resistor to V|g. Connect to PGND if not used.
B2 SDA I2C Serial Interface Data. This pin requires a pullup resistor to V|g. Connect to PGND if not used.
LX Peak Current Limit Setting Input. Connect to PGND to set || x.pgak to 700mA. Connect to BIAS to set
C4 ILIM I x-PEAK to 1000mA. I12C writes to control I x_pgak are only accepted while ILIM is logic-low.
See the Peak Inductor Current Limit (ILIM) section for details.

Functional Diagram

DC INPUT 1
3VTO 24V

DC INPUT 2
3VTO 24V

TOHOST OR
SUPERVISOR <&

[
141

——
POWER MUX
SELECT
LOGIC
——

TvL
L]

BIASLDO

=l

AGND

IN1

MAX77756
Sup

Csup

I+

BST

BIAS |
T

BIAS

— CesT 1.5V TO 7.5V PROGRAMMABLE OUTPUT

1.8V,3.3V, 5.0V FACTORY DEFAULTS
STEP-DOWN X L S00mAMAX

CONTROL Vo

POK

RESET INPUT

\J

ICOUT

EN

ILIM OUT/FB

12c
CONTROL

Vio

SERIAL

PGND

&
SDA DIGITAL

HOST

AGND

SCL

\

Nl
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Detailed Description

The MAX77756 is a small 500mA step-down DC-DC con-
verter with integrated dual-input power multiplexer (MUX).
The step-down (buck) converter uses synchronous rec-
tification and internal current-mode compensation. The
buck operates on a supply voltage from 3V to 24V.
Output voltage is configurable through 12C (1.5V to 7.5V
in 50mV steps) or external feedback resistors (1V to 99%
of Vgyp). Factory-default voltage options of 1.8V, 3.3V,
and 5.0V are available (see the Ordering Information
table). Switching frequency in continuous conduction is
1MHz. The buck utilizes an ultra-low quiescent current
mode (1.5pA typ for 3.3VoyT) that maintains a very high
efficiency at light loads.

The integrated dual-input power MUX automatically
selects the higher of two different voltage sources to
power the buck converter. The mux reduces power dissi-
pation versus common-cathode Schottky arrays by using
switches (MOSFETs) instead of diodes. The output of the
power MUX is the input to the buck (SUP). Single power
source applications should bypass the power MUX and
power SUP directly.

Dual-Input Power MUX

The device integrates a 24V power multiplexer (MUX) with
two inputs (IN1 and IN2) and one output (SUP). SUP is
the supply input for the buck. The input channels consist
of P-type MOSFETs. IN1 and IN2 are the individual FET
drains and SUP is the common FET source. An intrinsic
body-diode is always present in both FETs.

The MUX connects the higher of VN1 or VN2 to SUP to
power the buck. Only the higher voltage input channel is
on. The lower voltage input channel is off. The MUX logic
is only active while the buck converter is enabled. Both
channels are off when the buck is disabled.

The selection logic has switchover hysteresis to avoid
chattering. The off channel must be 200mV higher than
the on channel to cause a switchover. Switchover is auto-
matic and can happen any time while the buck is enabled.
Equal priority is given to each input. Neither channel is
prioritized over the other.

When powering IN1 or IN2, do not connect anything to
SUP besides a decoupling capacitor. To use the buck
without the power MUX, connect IN1 and IN2 to PGND
and power SUP directly.

www.maximintegrated.com

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Buck Regulator Control Scheme

The step-down converter uses a PWM peak current-mode
control scheme with a load-line architecture. Peak cur-
rent-mode control provides precise control of the inductor
current on a cycle-by-cycle basis and inherent compensa-
tion for input voltage variation.

On-times (MOSFET Q1 on) are started by a fixed-
frequency clock and terminated by a PWM comparator.
See Figure 1. When an on-time ends (starting an off-time)
current conducts through the low-side MOSFET (Q2 on).
Shoot-through current from SUP to PGND is avoided by
introducing a brief period of dead time between switching
events when neither MOSFET is on. Inductor current con-
ducts through Q2's intrinsic body diode during dead time.

The PWM comparator regulates Voyt by controlling
duty cycle. The negative input of the PWM compara-
tor is a voltage proportional to the actual output voltage
error. The positive input is the sum of the current-sense
signal through MOSFET Q1 and a slope-compensation
ramp. The PWM comparator ends an on-time when the
error voltage becomes less than the slope-compensated
current-sense signal. On-times begin again due to a fixed-
frequency clock pulse. The controller's compensation
components and current-sense circuits are integrated.
This reduces the risk of routing sensitive control signals
on the PCB.

A load-line architecture is present in the controller design.
The output voltage is positioned slightly above nominal
regulation at no load and slightly below nominal regulation
at full load. As the output load changes, a small but con-
trolled amount of load regulation (load line) error occurs
on the output voltage. This voltage positioning architec-
ture allows the output voltage to respond to sudden load
transients in a critically damped manner, and effectively
reduces the amount of output capacitance needed when
compared to classical integrating controllers. See the
Typical Operating Characteristics section for information
about the converter's typical voltage regulation behavior
versus load.
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24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

BIAS

N L BIAS LDO

( AGND

12C SERIAL
INTERFACE
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CONTROL
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VOUT-REG
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SOFT-START

OUT/FB
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+
> >
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S
R
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I

b g Zeowe

POK

AGND PGND

Figure 1. Buck Control Scheme Diagram

SKIP Mode Operation

The buck converter permanently operates in SKIP mode
with the added ability to transition into a lower power
mode called standby. SKIP mode causes discontinuous
inductor current at light loads by forcing the low-side
MOSFET (Q2) off if inductor current falls below Izx (40mA
typ) during an off-time. This prevents inductor current
from sourcing back to the input (SUP) and enables high
efficiency by reducing the total number of switching cycles
required to regulate the output voltage.

If the output voltage is within regulation and the load is
very light then the converter automatically transitions to
standby mode. In this mode, the LX node is high imped-
ance and the converter's internal circuit blocks are deac-
tivated to reduce lg consumption. A single, low-power
comparator remains on to monitor the output voltage
during standby. When VoyT drops below Vyake (99%
of VouT-REG typ), the converter reactivates and starts
switching again.

www.maximintegrated.com

Enable Control

Raise the EN pin voltage above VEN Hj (or tie to SUP) to
enable the IC. To disable, bring EN pin voltage to PGND.
When using 12C to control the MAX77756, the EN pin
interacts with the enable bit (EN_BIT). The logical rela-
tionship between the EN pin and EN_BIT is by default an
OR. The EN_CTRL bit can be used to switch this relation-
ship to a logical AND. See Table 1.

The reset state (default state) of EN_BIT and EN_CTRL
is 0. This means that the default relationship between EN
pin and EN_BIT is a logical OR.

Table 1. Enable Control Truth Table

MO | e e | EGET | ResuLATor
0 0 OFF
0 0 1 ON
(logical OR) 1 0 ON
1 1 ON
0 0 OFF
1 0 1 OFF
(logical
AND) 1 0 OFF
1 1 ON
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BIAS Regulator

An integrated 5V (Vg|as) linear regulator provides power
to internal circuit blocks. This regulator is used during
startup for all versions of the MAX77756. For internal
feedback versions (no external programming resistors)
where VoyT-REG IS programmed between (and includ-
ing) 3.3V and 5.0V, the BIAS regulator is deactivated and
the BIAS node is internally connected to OUT after the
output voltage is within regulation. Switching BIAS to OUT
utilizes the buck converter's efficiency to power its own
internal circuit blocks (as opposed to a linear regulator)
and improves the IC's power efficiency. For the external
feedback version of the MAX77756, the BIAS regulator is
permanently active. Do not load BIAS externally for any
MAX77756 version.

The BIAS regulator is on whenever the EN pin is high or
V|o voltage is valid (regardless of whether the buck regu-
lator is on or off). Connect a 1yF ceramic capacitor from
BIAS and GND.

Soft-Start

The device has an internal soft-start timer (tgg) that con-
trols the ramp time of VoyT as the converter is starting.
The soft-start feature limits inrush current during startup.
SOFT_ST programs tgg to 8ms or 4ms. The default value
is 8ms. The converter soft-starts every time the IC is
enabled, exits a UVLO condition, and/or retries from an
overcurrent or overtemperature condition.

Power-OK (POK) Output

The device features an open-drain POK output to monitor
the output voltage. POK requires an external pullup resis-
tor. POK goes high (high-impedance) after the regulator
output increases above 92% (Vpok-RISING) of the nomi-
nal regulated voltage (VouT-REG)- POK goes low when
the regulator output drops to below 90% (VpOK-FALLING)

of VOUT-REG:

Peak Inductor Current Limit (ILIM)

The buck converter's high-side MOSFET peak cur-
rent limit (I x-peaK) is register or pin programmable.
Applications can use I_x-peak programmability to ensure
that the converter never exceeds the saturation current
rating of the inductor on the PCB.

Connect ILIM to PGND to set I x_peak to 700mA. While
ILIM is logic-low, the bits in |_PEAK[1:0] can be changed
through 12C to program I x.peak from 700mA to 1000mA
in 100mA steps. The value of I x.peak returns to 700mA
(I_PEAK][1:0] = 0b00) if the configuration registers reset.

www.maximintegrated.com

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Connect ILIM to a voltage above V| j_Hi to program I x-
PEAK to 1000mA. While ILIM is high, I x-peak is fixed at
1000mA and the |_PEAK][1:0] bitfield is ignored.

Short-Circuit and Thermal Protection

The device has fault protection designed to protect itself
from abnormal conditions. If the output is overloaded,
cycle-by-cycle current limit prevents inductor current from
increasing beyond I x.PEAK-

The buck stops switching if VoyT falls to less than 25%
of programmed VoyT-ReG and 15 consecutive on-times
are ended by current limit. After switching stops, the buck
waits for tReTRry (15ms typ) before attempting to soft-start
again. While Voyr is less than 25% of VouT-REG, the
converter prevents new on-times if the inductor current
has not fallen below I x.vaLLEY (500mA typ). This pre-
vents inductor current from increasing uncontrollably due
to the short-circuited output.

Spread-Spectrum Option

Enable spread-spectrum operation by setting the S_
SPECT bit to 1. When enabled, the switching frequency
is varied +6% centered on 1MHz. The modulation signal
is a triangle wave with a period of 256ps.

Register Reset Condition

The device's internal configuration registers reset to
their default values if Vgyp falls below the UVLO falling
threshold (Vsyp-uvLo minus UVLO hysteresis, 2.6V
typ) or if the voltage on the V|p pin becomes invalid (<
1.7V). Connect V|p to PGND to ensure that configuration
registers remain in factory-configured reset. Contact the
factory to request a version of the IC that does not reset
registers when V|g becomes invalid.

Serial Interface

Overview

The MAX77756 features a revision 3.0 12C-compatible,
2-wire serial interface consisting of a bidirectional serial
data line (SDA) and a serial clock line (SCL). The
MAX77756 acts as a slave-only devices where it relies
on the master to generate a clock signal. SCL clock
rates from OHz to 3.4MHz are supported. 12C is an open-
drain bus, and therefore, SDA and SCL require pullups.
Optional resistors (24Q) in series with SDA and SCL
protect the device inputs from high-voltage spikes on the
bus lines. Series resistors also minimize crosstalk and
undershoot on bus signals. For additional information
on 12C, refer the 12C bus specification and users manual
UM10204 that is readily available and free on the internet.
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Features

e |2C Revision 3-compatible serial communications
channel

e OHz to 100kHz (standard mode)

e (0OHz to 400kHz (fast mode)

e OHz to 1MHz (fast mode plus)

e (OHz to 3.4MHz (high-speed mode)
e Does not utilize 12C clock stretching

I2C System Configuration

The I12C bus is a multimaster bus. The maximum number
of devices that can attach to the bus is only limited by bus
capacitance.

A device on the I2C bus that sends data to the bus in
called a transmitter. A device that receives data from the
bus is called a receiver. The device that initiates a data
transfer and generates the SCL clock signals to control
the data transfer is a master. Any device that is being
addressed by the master is considered a slave. The
MAX77756 12C-compatible interface operates as a slave
on the 12C bus with transmit and receive capabilities.

I2C Interface Power

The IC's I12C interface derives its power from V.
Typically, a power input such as V|p requires a local
0.1uF ceramic bypass capacitor to ground. However,
in highly-integrated power distribution systems, a dedi-
cated capacitor might not be necessary. If the impedance

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

between V|po and the next closest capacitor (= 0.1uF) is
less than 100mQ in series with 10nH, then a local capaci-
tor is not needed. Otherwise, bypass V|o to PGND with a
0.1uF ceramic capacitor.

V|o accepts voltages from 1.7V to 5.5V. Cycling V|o
resets the 12C registers.

I2C Data Transfer

One data bit is transferred during each SCL clock cycle.
The data on SDA must remain stable during the high
period of the SCL clock pulse. Changes in SDA while SCL
is high are control signals. See the /2C Start and Stop
Conditions section. Each transmit sequence is framed by
a START (S) condition and a STOP (P) condition. Each
data packet is nine bits long: eight bits of data followed by
the acknowledge bit. Data is transferred with the MSB first.

I2C Start and Stop Conditions

When the serial interface is inactive, SDA and SCL idle
high. A master device initiates communication by issuing
a START condition. A START condition is a high-to-low
transition on SDA with SCL high. A STOP condition is
a low-to-high transition on SDA, while SCL is high. See
Figure 3.

A START condition from the master signals the beginning
of a transmission to the MAX77756. The master termi-
nates transmission by issuing a not acknowledge (nA)
followed by a STOP condition. See the 12C Acknowledge
Bit section for information on not acknowledge. The STOP

SOA
SCL d J ] ]
[ 1 [ 1 [ 1 [ 1 |
MASTER SLAVE MASTER
TRANSMITTER/ RES(%Q\I/EER TRAflLS?/l\{'ETER TRANSMITTER/ TRANSMITTER/
RECEIVER RECEIVER RECEIVER

Figure 2. I12C System Configuration

W\ R
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> -fipsTa
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Figure 3. I2C Start and Stop Conditions
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condition frees the bus. To issue a series of commands to
the slave, the master can issue repeated start (Sr) com-
mands instead of a STOP command to maintain control of
the bus. In general, a repeated start command is function-
ally equivalent to a regular start command.

When a STOP condition or incorrect address is detected,
the IC disconnects SCL from the serial interface until
the next START condition, minimizing digital noise and
feedthrough.

I2C Acknowledge Bit

Both the 12C bus master and the MAX77756 (slave)
generate acknowledge bits when receiving data. The
acknowledge bit is the last bit of each nine bit data packet.
To generate an acknowledge (A), the receiving device
must pull SDA low before the rising edge of the acknowl-
edge-related clock pulse (ninth pulse) and keep it low
during the high period of the clock pulse. See Figure 4.
To generate a not acknowledge (nA), the receiving device
allows SDA to be pulled high before the rising edge of the
acknowledge-related clock pulse and leaves it high during
the high period of the clock pulse.

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Monitoring the acknowledge bits allows for detection
of unsuccessful data transfers. An unsuccessful data
transfer occurs if a receiving device is busy or if a system
fault has occurred. In the event of an unsuccessful data
transfer, the bus master should reattempt communication
at a later time.

The MAX77756 issues an ACK for all register addresses
in the possible address space even if the particular
register does not exist.

I2C Slave Address

The 12C controller implements 7-bit slave addressing in
Table 2. An 12C bus master initiates communication with
the slave by issuing a START condition followed by the
slave address. See Figure 5.

I2C Clock Stretching

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

NOT ACKNOWLEDGE (NA)

))
[4d

\‘ ACKNOWLEDGE (A)

(D

SDA

)|
[{d

L b

w T\ N

tsupar—> =
> oAt

Figure 4. Acknowledge Bit

Table 2. 12C Slave Address Options

7-BIT SLAVE ADDRESS

8-BIT WRITE ADDRESS

8-BIT READ ADDRESS

O0x1E, Ob 001 1110

0x3C, 0b 0011 1100

0x3D, 0Ob 0011 1101

SCL

T\ [\ [T

ACKNOWLEDGE ™~

8

Figure 5. Slave Address Example
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I2C Communication Speed

The MAX77756 is compatible with all 4 communication
speed ranges as defined by the Revision 3 I2C specification:

OHz to 100kHz (standard mode)
OHz to 400kHz (fast mode)

OHz to 1MHz (fast mode)

e (OHz to 3.4MHz (high-speed mode)

Operating in standard mode, fast mode, and fast mode
plus does not require any special protocols. The main
consideration when changing the bus speed through this
range is the combination of the bus capacitance and pul-
lup resistors. Higher time constants created by the bus
capacitance and pullup resistance (C x R) slow the bus
operation. Therefore, when increasing bus speeds, the
pullup resistance must be decreased to maintain a rea-
sonable time constant. Refer to the Pullup Resistor Sizing
section of the 12C Revision 3.0 specification (UM10204)
for detailed guidance on the pullup resistor selection. In
general for bus capacitances of 200pF, a 100kHz bus
needs 5.6kQ pullup resistors, a 400kHz bus needs about
a 1.5kQ pullup resistors, and a 1MHz bus needs 680Q
pullup resistors. Note that when the open-drain bus is low,
the pullup resistor is dissipating power, lower value pullup
resistors dissipate more power.

Operating in high-speed mode requires some special
considerations. The major considerations with respect to
the IC:

e The I12C bus master use current source pullups to
shorten the signal rise.

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

e The I2C slave must use a different set of input filters
on its SDA and SCL lines to accommodate for the
faster bus.

e The communication protocols need to utilize the high-
speed master code.

At power-up and after each stop condition, the IC input
filters are set for standard mode, fast mode, or fast mode
plus (i.e., OHz to 1MHz). To switch the input filters for high-
speed mode, use the high-speed master code protocols
that are described in the I2C Communication Protocols
section.

I2C Communication Protocols

The IC supports both writing and reading from its registers.
Writing to a Single Register

Figure 6 shows the protocol for the I12C master device to
write one byte of data to the MAX77756. This protocol is

the same as the SMBus specification’s write byte proto-
col. The write byte protocol is as follows:

1) The master sends a start command (S).

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

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

The master sends an 8-bit register pointer.
The slave acknowledges the register pointer.
The master sends a data byte.

The slave updates with the new data.

LEGEND

|:| MASTER TO SLAVE |:| SLAVE TO MASTER

1 7 11 8 1

NUMBER
8 I 1. S OFBITS

=" | AORNA iPORSR*[

@———————— INTOTHE TARGET
REGISTER AND

_~BECOMES ACTIVE

" DURING THIS RISING
EDGE.

soa

seL 7 8

" *P FORCES THE BUS FILTERS TO
SWITCH TO THEIR < 1MHZ MODE.
SR LEAVES THE BUS FILTERS IN
THEIR CURRENT STATE.

Figure 6. Writing to a Single Register with the Write Byte Protocol
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8) The slave acknowledges or does not acknowledge the
data byte. The next rising edge on SDA loads the data
byte into its target register and the data becomes active.

9) The master sends a stop condition (P) or a repeated
start condition (Sr). Issuing a P ensures that the bus in-
put filters are set for 1MHz or slower operation. Issuing
an Sr leaves the bus input filters in their current state.

Writing Multiple Bytes to Sequential Registers

Figure 7 shows the protocol for writing to a sequential
registers. This protocol is similar to the write byte proto-
col above, except the master continues to write after it
receives the first byte of data. When the master is done
writing it issues a stop or repeated start.The writing to
sequential registers protocol is as follows:

1)
2)

The master sends a start command (S).

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

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

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

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

5) The slave acknowledges the register pointer.

6) The master sends a data byte.

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

8) Steps 6 to 7 are repeated as many times as the master
requires.

9) During the last acknowledge related clock pulse,

the master can issue an acknowledge or a not
acknowledge.

10) The master sends a stop condition (P) or a repeated
start condition (Sr). Issuing a P ensures that the bus in-
put filters are set for 1MHz or slower operation. Issuing
an Sr leaves the bus input filters in their current state.

LEGEND

|:| MASTER TO SLAVE |:| SLAVE TO MASTER

1 7 11 8 1

NUMBER
OF BITS

RW
NUMBER
L8 e 8l gy
-.u| DATA X+{ |A| i DATAX+Z |A|._‘...
""" g R
REGISTER POINTER ZX + 2
NUMBER
B O s S W 4T
O ST EN

THE DATA IS LOADED
INTO THE TARGET

¢ REGISTER AND
BECOMES ACTIVE

EDGE.

SDA .~

.XB1 X - \ \ /

DURING THIS RISING
BO X

_ ACKNOWLEDGE
SCL .. 7 8

SDA
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" DETALL: A

THE DATA IS LOADED
INTO THE TARGET
¢ REGISTER AND
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EDGE.

SCL . 7 8

*P FORCES THE BUS
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MODE. SRLEAVES
THE BUS FILTERS IN
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" DETALL: B

Figure 7. Writing to Sequential Registers X to N
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Reading from a Single Register

Figure 8 shows the protocol for the I2C master device to
read one byte of data to the MAX77756. This protocol is
the same as the SMBus specification’s read byte protocol.
The read byte protocol is as follows:

The master sends a start command (S).

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

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

The master sends an 8-bit register pointer.
The slave acknowledges the register pointer.
The master sends a repeated start command (Sr).

The master sends the 7-bit slave address followed by
a read bit (R/W =1).

The addressed slave asserts an acknowledge by pull-
ing SDA low.

The addressed slave places 8 bits of data on the bus
from the location specified by the register pointer.

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

10) The master issues a not acknowledge (nA).

11) The master sends a stop condition (P) or a repeated
start condition (Sr). Issuing a P ensures that the bus in-
put filters are set for 1MHz or slower operation. Issuing
an Sr leaves the bus input filters in their current state.

Note that when the the IC receives a stop, it does not
modify its register pointer.

Reading from Sequential Registers

Figure 9 shows the protocol for reading from sequential
registers. This protocol is similar to the read byte protocol
except the master issues an acknowledge to signal the
slave that it wants more data: when the master has all
the data it requires it issues a not acknowledge (nA) and
a stop (P) to end the transmission.The continuous read
from sequential registers protocol is as follows:

1
2)

The master sends a start command (S).

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

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

3)

LEGEND

|:| MASTER TO SLAVE . SLAVE TO MASTER

1 7 11

*P FORCES THE BUS FILTERS TO
SWITCH TO THEIR < 1MHZ MODE.
SR LEAVES THE BUS FILTERS IN
THEIR CURRENT STATE.

¢ NUMBER
! 8 ! OF BITS

1
:

RW

Figure 8. Reading from a Single Register with the Read Byte Protocol

*P FORCES THE BUS FILTERS TO

LEGEND SWITCH TO THEIR < 1MHZ MODE.
|:| MASTER TO SLAVE . SLAVE TO MASTER SRLEAVES THE BUS FILTERS IN
THEIR CURRENT STATE.
NUMBER
P S 0 O S I N N— ° L orarms
|s| SLAVE ADDRESS |0 ' REGISTER POINTER X 'SRI SLAVE ADDRESS | 1 csoee
RW ri—+ NUMBER
8 1 8 1 8 R Sttt
o000 [N N N ]
REGISTERPOINTER =X +1 REGISTER POINTER =X +2  REGISTER POINTER = X + 3
8 1 8 1 8 1 1 - gg“gﬁESR
REGISTER POINTER = REGISTER POINTER = REGISTER POINTER =
X +(N-3) X +(N-2) X+ (N-1)

Figure 9. Reading Continuously from Sequential Registers X to N
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4) The master sends an 8-bit register pointer.

5) The slave acknowledges the register pointer.

6) The master sends a repeated start command (Sr).

7) The master sends the 7-bit slave address followed by

a read bit (R/'W = 1). When reading the RTC time-
keeping registers, secondary buffers are loaded with
the timekeeping register data during this operation.

8) The addressed slave asserts an acknowledge by pull-
ing SDA low.

9) The addressed slave places 8 bits of data on the bus
from the location specified by the register pointer.

10) The master issues an acknowledge (A) signaling the
slave that it wishes to receive more data.

11) Steps 9 to 10 are repeated as many times as the mas-
ter requires. Following the last byte of data, the mas-
ter must issue a not acknowledge (nA) to signal that it
wishes to stop receiving data.

12) The master sends a stop condition (P) or a repeated
start condition (Sr). Issuing a stop (P) ensures that
the bus input filters are set for 1IMHz or slower opera-
tion. Issuing an Sr leaves the bus input filters in their
current state.

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Note that when the the IC receives a stop it does not
modify its register pointer.

Engaging High-Speed (HS) Mode for Operation

Up to 3.4MHz

Figure 10 shows the protocol for engaging HS mode
operation. HS mode operation allows for a bus operating
speed up to 3.4MHz.The procedure to engage HS mode
protocol is as follows:

e Begin the protocol while operating at a bus speed of
1MHz or lower.

e The master sends a start command (S).

e The master sends the 8-bit master code of 0b0000
1XXX where 0bXXX are don’t care bits.

e The addressed slave issues a not acknowledge (nA).

e The master can now increase its bus speed up to
3.4MHz and issue any read/write operation.

The master can continue to issue high-speed read/write
operations until a stop (P) is issued. Use repeated start
(Sr) to continue operations in high speed mode.

LEGEND

|:| MASTER TO SLAVE |:| SLAVE TO MASTER

1 8 1.1

T ANY R/W PROTOCOL ANY R/W PROTOCOL ANY READ/WRITE
S| HSMASTERCODE IWASR “coiowepsysr R FoowepsysR PR protoco.  |P|eeee
~«———FASTMODE —— g HS MODE >4 FASTMODE —p>

Figure 10. Engaging HS Mode
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Register Map
MAX77756
ADDRESS | NAME MSB | | | | LSB
Configuration Registers
0x00 CONFIG_A[7:0] S_SPECT | SOFT_ST | |I_PEAK][1:0] RSVD RSVD EN_CTRL EN_BIT
0x01 CONFIG_B[7:0] V_OUTREG[7:0]
CONFIG_A (0x00)
BIT 7 6 5 4 3 2 1 0
Field S_SPECT SOFT_ST |_PEAK]1:0] RSVD RSVD EN_CTRL EN_BIT
Reset 0 0 00 OTP 0 0 0
Access Type | Write, Read | Write, Read Write, Read Read Only | Write, Read | Write, Read | Write, Read
BITFIELD BITS DESCRIPTION DECODE
S SPECT 7 Spread-spectrum modulation enable control. 0 i Spread-spectrum modulat!on off
1 = Spread-spectrum modulation on
SOFT ST 6 Soft-st.art control. Sets the regulator's startup 0 =8ms
- ramp time (tgg)- 1=4ms
High-side DMOS peak current limit threshold 00 = 700mA
| PEAK 5.4 control. Sets peak LX current (I x.peak) only 01 = 800mA
- ’ while the ILIM pin is low. See Peak Inductor 10 = 900mA
Current Limit (ILIM) for details. 11 =1000mA
RSVD 3 Factory-set control bit. Writes are ignored. N/A
RSVD 2 Reserved control bit. Write to 0. N/A
Enable logic control bit. _ . . .
EN_CTRL 1 Determines the logical relationship between the (1) ; tgg:g:: (A)Egizgzgzzlg
EN_BIT (enable bit) and EN (enable pin). 9 P
. 0 = Disabled
EN_BIT 0 Regulator enable bit. 1 = Enabled
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CONFIG_B (0x01)

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

BIT 7 | 6 5 4 | 3 | 2 1 0
Field V_OUTREG[7:0]
Reset 0x06 / 0x24 / 0x46
Access Type Write, Read
BITFIELD BITS DESCRIPTION DECODE
0x00 = 1.5V
0x01 = 1.55V
Output Voltage Control. Programmable in 0x02= 1.6V
50mV per LSB from 0x00 (1.5V) to 0x78 (7.5V).
Restrict writes to this register between 0x00 6)(2 4=33V
V_OUTREG 7:0 and 0x78. Do not program this register with '
codes outside this range.
This register is a don't care for the external ) _
feedback version (MAX77756D). 0x46 = 5.0V
0x78 = 7.5V

Applications Information

IN1/IN2/SUP Capacitor Selection

For dual-input applications, connect separate voltage
supplies to IN1 and IN2 and bypass IN1 (CjNn1) and IN2
(CiNn2) to PGND with 2.2uF ceramic capacitors. Bypass
SUP to PGND with a 1pyF ceramic capacitor (Cgyp)-
The Cgyp capacitor adds with the C;N1/Cin2 capacitor
to decouple the input of the buck. Larger values of Cgyp
improve decoupling, but increase inrush current from
IN1 or IN2 to SUP when a power source is connected.
Limit IN1/IN2 inrush current to 4.1A. See the Absolute
Maximum Ratings section for more information.

For single input applications that do not utilize IN1 and
IN2, choose Cgyp to be a 2.2uF nominal capacitor that
maintains a 1uF effective capacitance at its working volt-
age. Larger values improve the decoupling for the buck
regulator, but increase inrush current from the voltage
supply when connected. Connect IN1 and IN2 to PGND
to force the power MUX selection logic off for applications
that require no selector.

CiN1/CiN2 plus Cgyp reduces the current peaks drawn
from the input power source during buck operation and
reduces switching noise in the system. The ESR/ESL of
Csyp and its series PCB traces should be very low (i.e.,
< 15mQ + < 2nH) for frequencies up to 2MHz. Ceramic

www.maximintegrated.com

capacitors with X5R or X7R dielectric are highly recom-
mended due to their small size, low ESR, and small tem-
perature coefficients.

Choose the CiN1/CiN2/Csyp capacitor voltage rating to be
greater than the expected input voltage of the system. For
systems using the full input voltage range (24V max) of
the MAX77756, choose capacitors rated to 25V or greater.

All ceramic capacitors derate with DC bias voltage
(effective capacitance goes down as DC bias goes up).
Generally, small case size capacitors derate heavily com-
pared to larger case sizes (0603 case size performs bet-
ter than 0402). Consider the effective capacitance value
carefully by consulting the manufacturer's data sheet.

Output Capacitor Selection

Choose the output bypass capacitance (Coyt) to be
22uF. Larger values of Coyt improve load transient
performance, but increase the input surge currents dur-
ing soft-start and output voltage changes. The output
filter capacitor must have low enough ESR to meet
output ripple and load transient requirements. The output
capacitance must be high enough to absorb the induc-
tor 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 continuous conduction mode.
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Therefore, the size of the output capacitor depends on the
maximum ESR required to meet the output voltage ripple

(VRIPPLE(P-P)) specifications:
VrippLE(P-P) = ESR X I oap ¥ LIR

where LIR is the inductor's ripple current to average cur-
rent ratio. Compute LIR with Equation 1.

Equation 1:

Vour * (YN - Vour)

LIR =
VIN * fsw X lLoap * L

where I oaD is the buck's output current in the particular
application (500mA max), V|N is the application's input
voltage, and fgy is 1TMHz.

Ceramic capacitors with X5R or X7R dielectric are highly
recommended due to their small size, low ESR, and small
temperature coefficients. All ceramic capacitors derate
with DC bias voltage (effective capacitance goes down as
DC bias goes up). Generally, small case size capacitors
derate heavily compared to larger case sizes (0603 case
size performs better than 0402). Consider the effective
capacitance value carefully by consulting the manufac-
turer's data sheet.

Inductor Selection

Choose an inductor with a saturation current that is great-
er than or equal to the the maximum peak current limit
setting (ILx-pEAK)- In general, inductors with lower satura-
tion current and higher DCR ratings are physically small.
However, higher values of DCR reduce buck efficiency.
Choose the RMS current rating of the inductor (typically,
the current at which the temperature rises appreciably)
based on the system's expected load current.

For output voltages less than or equal to 5V, choose
a 10pH inductor. For output voltages greater than 5V,
choose a value to ensure that the peak inductor ripple cur-
rent (Ipgak) is below the high-side MOSFET peak current
limit (ILx-PEAK) SO that the buck can maintain regulation.

Use Equation 2 and Equation 3 to compute Ipgak. If
IPEAK is greater than I x.peak then increase the inductor
value. For VoyT £ 5V, a 10pH inductor is suitable across
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the entire input voltage range for 500mA maximum DC
load. For VoyT > 5V, a 15pH inductor is suitable.

Equation 2:
| _ Vour*(Vin—Vour)
P-P VIN > fsw < L
Equation 3:
lp-p

lpeak =lLoaD *

where I oaD is the buck's output current in the particular
application (500mA max), V|N is the application's largest
expected input voltage (24V max), and fgyy is TMHz.

Limiting the Peak Inrush Current

The peak inrush current from IN1 or IN2 to SUP must be
limited to less than 4.1A. This can be achieved by reduc-
ing the slew rate of the input voltage applied to IN1 or IN2,
and/or reducing the value of the SUP capacitor. The peak
inrush current through the input power MUX when voltage
is applied to IN1 or IN2 is calculated with Equation 4.

Equation 4:

dV|N

INRusH = Csup g

where I|NRusH is the peak inrush current, Cgyp is the
SUP capacitance value, and dV|n/dt is the slew rate of the
input voltage on IN1 or IN2. For example, given the fol-
lowing conditions, the peak input current (IjNRUSH) upon
voltage application is 500mA:

Given:

e Cgsyp = 1uF

e dV|n/dt = 500mV/us
Calculation:

* lINRUSH =
o [INRUSH = 500mA

500mV
1 pF—u S

It is not recommended to "hot insert" the input with a
precharged voltage source. The voltage slew rate of a
hot insertion is very fast and can cause inrush currents in
excess of 4.1A.

Maxim Integrated | 26



MAX77756

Setting the Output Voltage (MAX77756D)

The external feedback version of the device (MAX77756D)
uses resistors to set the output voltage between 1V and
99% of the input voltage. Connect a resistor divider
between VoyT, OUT/FB, and AGND as shown in Figure
11. Choose RgoT (OUT/FB to AGND) to be less than or
equal to 100kQ. Calculate the value of RTop (VouT to
OUT/FB) for a desired output voltage with Equation 5.

Equation 5:

Vv
_ ouT
Rtop = Reor [ Vg

where VFg is 1V and Vouyr is the desired output voltage.

For the internal feedback versions (MAX77756A/
MAX77756B/MAX77756C) change the bits in V_
OUTREG]J7:0] to program the output voltage between 1V
and 7.5V in 50mV steps per LSB.

-

Vourt
MAX77756D

Rrop
OUT/FB

Reot

S

Figure 11. External Feedback Resistors

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

PCB Layout Guidelines

Careful circuit board layout is critical to achieve low-
switching power losses and clean, stable operation.
Figure 12 shows a sketch of an example PCB top-metal
layout.

When designing the PCB, follow these guidelines:

1) The SUP capacitor should be placed immediately next
to the SUP pin of the device. Since the device oper-
ates at 1MHz switching frequency, this placement is
critical for effective decoupling of high-frequency
noise from the SUP pin.

2) Similarly, the input capacitors (CjN1/CiN2) should be
placed immediately next to their respective input pins.

3) Place the inductor and output capacitor close to the
part and keep the loop area small.

4) Make the trace between LX and the inductor short and
wide. Do not to take up an excessive amount of area.
The voltage on this node is switching very quickly and
additional area creates more radiated emissions.

5) Connect PGND and AGND together at the return ter-
minal of the output capacitor. Do not connect them
anywhere else.

6) Keep the power traces and load connections short
and wide. This practice is essential for high efficiency.

7) Place the BIAS capacitor ground next to the AGND
pin and connect with a short and wide trace.

GND

Figure 12. PCB Top-Metal and Component Layout Example
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Typical Application Circuits

Internal Feedback Using Power MUX

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

DC SOURCE 1 —»

DC SOURCE2 —P» L

CIN1 2.2uF _r_ CiN22.2uF
25V (0402) I 25V (0402)

I

o |

SU

J

IN1

N2 MAX77756A
MAX77756B
MAX77756C

EN

Vio

SDA

SCL

AGND PGND

SUP
BST

LX

out
BIAS

ILIM
POK

Csup 1uF
I 25V (0603)

CasT =
0ApF1ov  L10uH
—|_(04o2) 1ASAT (2520)

Vout
1.8V/3.3V/5.0V

L Calas 1uF
;l; 6V (0402) | Rey
< 100kQ

(0402)

™

L

o1

Cout 3x22uF

1L L
II 10V (0603)

-

P TO LOAD'S RESET

Internal Feedback Using Power MUX and 12C Control

DC SOURCE1 —»

DC SOURCE2 — L

CINt 2.21F —t CiN22.2uF J—

25V(0402)I 25V (0402)
CvI00.1HF suP
6V (0402) |:J—
= =
seRaL |
—-——
HosT 1
o

IN1
IN2
MAX77756A
MAX77756B
MAX77756C
EN
Vio
SDA
SCL
AGND PGND

SUP
BST

LX

ouT
BIAS

ILIM
POK

Csup 1uF
T 25v(0609)

CasT =
0.1uF 10V L 10uH
T (0402) 1ASAT(2520)

Vout
1.8V/3.3V/5.0V OR
PROGRAMMABLE 1.5V-7.5V

Lec BIAS 1WF|
6V (0402)| Reu

CouT3x 22uF

1 1T 1
III 10V (0603)

P TOLOAD'S RESET
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Typical Application Circuits

(continued)

24V Input, 500mA Buck Regulator
with Dual-Input Power MUX

Internal Feedback with Single Input (Power MUX Bypassed)

DC SOURCE —
IN1 sup Csup 2.2uF
o BST T 25V (0603) Vout
L MAX77756A CBST = L 10uH 1.8V/3.3V/5.0V
- MAX77756B 0.1uF 10V Y
MAX77756C LX (0402) 1AsAT (2520)
SUP I T 1 coursx2euF
10V (0603)
T o our 1l1™
BIAS
Vio L Caias 1uF
;;w (0402) | Rey
SDA 2 100kQ
s ILIM (0402)
L AGND ponp  POK P70 LOAD'S RESET
N ~ =
External Feedback Using Power MUX and I12C Control
DC SOURCE 1 —» IN1 SUP ———7 capiF Vout
1V T0
BST I 25V (0603) )
DC SOURCE2 —» IN2 Cast 99%Vsup
CIN1 2.20F i CIN22.2uF 1 0ApFiov  L10WH
25V (0402) I 25V (0402) MAX77756D » —|_ (0402)  1ASAT(2520)
= = RTOP VARIES & J_CFF spF o= L L ‘33)?;’; -
CvoOtpF  SUP F8 a7 T i III 10V (0603
6V (0402) |:J_ EN RBOT 5060 <
= BIAS T (0402)
- Vio Caias 1uF
gev (0402) | Rey
SERIAL | = 100kQ
....... -p— p
HOST ’ SDA ILIM (0402)
i—p———————1SCL agND poND POK P~ TO LOAD'S RESET

1
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Ordering Information

24V Input, 500mA Buck Regulator

with Dual-Input Power MUX

PART VOLTAGE FEEDBACK OUTPUT VOLTAGE (VQUT.REG)
MAX77756 AEWL+ Internal 1.8V
MAX77756BEWL+ Internal 3.3V
MAX77756CEWL+ Internal 5.0V
MAX77756DEWL+ External N/A (set by feedback resistors)

+Denotes a lead(Pb)-free/RoHS-compliant package.
T = Tape and reel.
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Revision History
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