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5.5V Input, 4.5A Switching Current High

Efficiency Buck-Boost Converter

General Description

The MAXT77847 is a highly efficient high-performance
buck-boost regulator with an industry-leading quiescent
current of 14pA targeted for battery-powered
applications. It supports an input voltage range from
1.8V to 5.5V and an output voltage range from 1.8V to
5.2V. The IC provides two programmable switching
current limits to optimize external component sizing
based on load requirements. Analog Devices’ unique
buck-boost controller technology provides high
efficiency, excellent load and line transient performance,
and a seamless mode transition across the input and
output range.

The device features a hardware configuration SEL pin
which configures the default output voltage and 12C
target address. A hardware dynamic voltage scaling
(DVS) pin allows the user to change the output voltage
between two output voltages without 12C interference.
The I12C interface is optional and allows users to adjust
the output voltage with 50mV steps.

The MAX77847 is available in a 2.18mm x 1.66mm
15-bump wafer-level package (WLP).

Key Applications

5G PA Supply

Battery Power Equipment

Internet of Things (loT) Devices

System Power Pre-Regulation

Smartphones ToF/Facial and Gesture Recognition

Pin Configuration

TOP VIEW

(BUMP SIDE DOWN)
MAX77847

15 WLP
(2.15mm x 1.63mm x 0.65mm, 0.4mm PITCH)

MAX77847

Benefits and Features

e Flexible System Integration
+ 1.8V to 5.5V Input Voltage Range
+ 1.8V 1o 5.2V (50mV steps) Output Voltage Range
* 4.5A/3.6A Switching Current Limit
» 14pA Ultra-Low Iq

e |2C Interface
* Programmable Output Voltage
» Programmable Output Slew Rate (DVS)
» Forced PWM Mode Operation (FPWM)
» Output Active Discharge

e 12C configurable GPI Pin
» External FPWM Enable Input
* DVS Control Input

e SEL Pin to Configure Device
+ Default Start-Up Voltage (16 Options)
* 12C Target Address (2 Options)

e Soft-Start

Refer to Product Highlights for more details.
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MAX77847

Absolute Maximum Ratings

IN, OUT, BIAS, LX1, LX2 to PGND ................... -0.3V to +6.0V
EN, GPI, SEL, SCL, SDA to AGND ......-0.3V to Vgjag + 0.3V
PGND t0 AGND.........covveeieeseeeeeeeeeeereeeseeeeeeees -0.3V to +0.3V
OUTS t0 AGND ..o -0.3V to +6.0V

5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

Continuous Power Dissipation at Tp = 70°C (Derate 16.22
mW/°C above +70°C) ((Note 1)).....ccccevrvrvnnrnnn +1297.65mW

Maximum Junction Temperature.............cccccoevinveeennn.. +150°C

Storage Temperature Range ..............ccccoc......

Soldering Temperature (Reflow)

Note 1: Package thermal measurements were obtained using the method described in JEDEC specification JESD51-7, using a FR-
4, four-layer board. For detailed information on package thermal considerations, refer to

http://www.maximintegrated.com/thermal-tutorial

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

PARAMETER SYMBOL CONDITION TYPICAL RANGE
Input Voltage Range VIN VIN 2 2.3V or VoyT 2 2.3V 1.8V to 5.5V
Output Voltage Range Vout VIN 2 2.3V or VoyT 2 2.3V 1.8V to 5.2V
Maximum Output Current limited by Switching
Output Current Range lout Current limit and Input Under Voltage Lockout 0Ato 3A
(UVLO).
Junction Temperature Range Ty — -40°C to +125°C

www.analog.com
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MAX77847 5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

Package Information

15 WLP
Package Code W151L2Z+1
Outline Number 21-100642
Land Pattern Number Refer to Application Note 1891
Thermal Resistance, Four Layer Board:
Junction-to-Ambient (84) 61.65 ‘C/W
Pin 1 COMMON DIMENSIONS
Indicator E /~—Marking see Note 7 A | 0.4 005
1
Al Al 0.22 +0.03
A2 0.42 REF
AAA D A3 0.04 BASIC
b | ©0.27 +0.03
D
TOP VIEW 12.6i7 +0.025
SIDE VIEW 148 £0.025
A3 — D1 0.80 BASIC
El 1.60 BASIC
* * Al e 0.40 BASIC
s | T omeasc
% QOO SE 0.00 BASIC
* FRONT VIEW BEOPI\(I)EPULATED BUMPS:
El
SE -=—t=— NOTES:
*{ e 1. Terminal pitch is defined by terminal center to center value.
—SD 2. Outer dimension is defined by center lines between scribe lines.
E é é é ‘ 3. All dimensions in millimeter.
& O 69 1 4. Marking shown is for package orientation reference only.
B-O-O-O-O-B 5. Tolerance is = 0.02 unless specified otherwise.
C %F D1 6. All dimensions apply o PbFree (+) package codes only.
A O O CP O% **r 7. Front - side finish can be either Black or Clear.
T2 83 4 5\ ¢p
[&]o.05® ANALOG
DEVICES
BOTTOM VIEW —
PACKAGE OUTLINE 15 BUMPS
WLP PKG. 0.4 mm PITCH, W151L2Z+1
APPROVAL DOCUMENT CONTROL NO. REV. 1
- DRAWING NOT TO SCALE - 21-100642 FB \/,

www.analog.com Analog Devices | 7
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MAX77847

Electrical Characteristics
(Ta=Ty, VIN =3.8Y, VouT = 3.3V, RggL = AGND, Typicals are at Ta = Ty = +25°C. Limits are 100% production tested at Tj = +25°C.
The MAX77847 is tested under pulsed load conditions such that Tp = T,. Limits over the operating temperature range (T =-40°C to
+125°C) and relevant voltage range are guaranteed by design and characterization using statistical process control methods.)

5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
GLOBAL INPUT SUPPLY
Operating Input Voltage ViN 18 55 Vv
Range
Input UVLO Voltage VUVLO rising | Input rising 1.70 1.75 1.8 \%
Input UVLO Hysteresis VuvLo Hys | YUVLO rising — VUVLO_falling 150 mV
Shutdown Supply ISHDN EN = LOW, T, = -40°C to +85°C 2 uA
Current
EN = HIGH, FPWM = LOW, T; =-40°C to
. __ 14 30 HA
Input Quiescent Current lq +85°C and no switching
P EN = HIGH, FPWM = HIGH, T; =-40°C 3 A
to +85°C m
Turn-On Delay Time TpLy oN From EN HIGH to Rgg reading (Note 2) 100 us
RseL Reading Time TRSEL (Note 2) 360 450 600 Hs
BUCK-BOOST CONVERTER
Output Voltage Range Vout 1.8 5.2 \Y
FPWM enabled, no load, Voyt = 3.3V, 15 15
-1. + .
Output Voltage v RsEgL = short to AGND o
Accuracy OUTACC MAuto skip mode, no load, Vgoyt = 3.3V, °
RsEL = short to AGND 1.5 +4.0
Switching Frequency fsw 1.93 2.2 2.47 MHz
High-Side Switching | ILim = 0b 4 4.5 4.95
- LIM A
Current Limit ILm =1b 3.24 3.6 3.96
Low-Side Switch On RpsoN_Low | LX1, LX2 58 mQ
Resistance
High-Side Switch On RDSON_HIGH | LX1, LX2 55 mQ
Resistance
Thermal Shutdown TSHDN T, rising (Note 3) 150 c
Threshold
Thermal .Shmdown TSHDN_HYS | TsHDN_R - TsHDN_F (Note 3) 15 °C
Hysteresis
Actlye Discharge RDSCHG 100 0
Resistance
Minimum Effective
C
Output Capacitance EFF_MIN (Note 2) 6.8 WF
. ) AVt (/A VN = 1.8V to 5.5V, FPWM enabled, no .
Line Regulation OUT'AVIN | |5ad, Vour = 3.3V, RsgL = short to AGND -0.3 +0.3 IAY
Soft-Start Timeout Tss (Note 3) 4 ms
Overvoltage Protection Vovp Vout-VouTs 05 v
Threshold
EN, GPI LOGIC LEVEL
Input LOW Level ViL 0.4 \%
Input HIGH Level ViH 1.3 \%
EN Pin Internal
R
Pulldown Resistance PD 800 kQ

www.analog.com
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MAXT77847 5.5V Input, 4.5A Switching Current High

Efficiency Buck-Boost Converter

Electrical Characteristics—I2C Serial Interface

(Ta=Ty, VIN=3.8Y, VouT = 3.3V, RggL = AGND, Typicals are at Tp = Ty = +25°C. Limits are 100% production tested at T = +25°C.
The MAX77847 is tested under pulsed load conditions such that Tp = T,. Limits over the operating temperature range (T = -40°C to
+125°C) and relevant voltage range are guaranteed by design and characterization using statistical process control methods.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

1/0 STAGE
SCL, SDA Input HIGH ViH 14 Vv
Voltage
SCL, SDA Input LOW vV
Voltage L 04 v
SCL, SDA Input Vhvs (Note 3) 0.1 v
Hysteresis
SDA Output LOW VoL ISINK = 3MA 04 Vv
Voltage
SCL, SDA Input c

1 F
Capacitance ! 0 P
SCL, SDA Input |
Leakage Current LK 10 +10 kA
TIMING (FAST-MODE PLUS)
Clock Frequency fscL 0 1000 kHz
Bus Free Time Between
STOP and START tBusF 0.5 us
Condition
Hold Time (REPEATED) |
START Condition HD_START 0.26 us
SCL LOW Period tLow 0.5 us
SCL HIGH Period tHIGH 0.26 us
Setup Time REPEATED

t
START Condition SU_START 0.26 us
DATA Setup Time Tsu_DATA 50 ns
Setup Time for STOP
t

Condition SU_STO 0.26 HS
Bus Capacitance Cs (Note 3) 550 pF

Note 2: Internal design target. Not production tested.
Note 3: Characterized by ATE or bench test. Not production tested.

www.analog.com Analog Devices | 9



MAX77847

5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

Typical Operating Characteristics
(VIN = 3.8V, Vout = 3.3V, L = 1uH (Samsung CIGT252010EH1ROM), Skip Mode, Ta = +25°C, unless otherwise noted.)
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MAX77847

5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

(VN = 3.8V, Voyt =3.3V, L = 1pyH (Samsung CIGT252010EH1RO0M), Skip Mode, T = +25°C, unless otherwise noted.)
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MAX77847 5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

(VN = 3.8V, Voyt =3.3V, L = 1pyH (Samsung CIGT252010EH1RO0M), Skip Mode, T = +25°C, unless otherwise noted.)

LINE TRANSIENT RESPONSE LINE TRANSIENT RESPONSE LINE TRANSIENT RESPONSE
3.3V OUTPUT octo 3.3V OUTPUT o 1.8V OUTPUT e
FPWM = 1 FPWM = 1 FPWM = 1
loyr = 0A LOAD = 1.3A | LOAD = 0A
Vour somvidv  Vour | \ Somvidv Vour . SomVidiv
1 — i — |
Vin IR s00mvidv iy So0mvidiy - Vin soomvia
R - . - R o
29V 20V 3V
SLEW RATE = 100mVius SLEW RATE = 100mV/us SLEW RATE = 100mV/us
100ps/div 100ps/div 100ps/div
LINE TRANSIENT RESPONSE LINE TRANSIENT RESPONSE LINE TRANSIENT RESPONSE
1.8V OUTPUT - 52V OUTPUT . 52V OUTPUT e
FPWM = 1 FPWM = 1 FPWM = 1
LOAD = 2A lour = 0A lor = 500mA

Vour i 50mVidiv - Voyr A S0mV/idiv - Vour \ 50mV/div
» e [ r

R 3.4V 3.4V
Vin 500mVidiv - Viy 500mVidiv -V 500mV/div
[ ——— W S— . R .
37V 29V 29V
SLEW RATE = 100mV/us SLEW RATE = 100mV/us SLEW RATE = 100mV/ps
100ps/div 100ps/div 100ps/div
LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE ENABLE STARTUP WAVEFORM
3.3V OUTPUT 3.3V OUTPUT 3.3V OUTPUT
toc25 toc26 toc27
V= 3.8V V=38V FPWM =0
FPWM =1 FPWM =0

Vixt - ‘ 5V/div

Vour N S 500mVidiv - Voyr ¥ T ——— " 500mV/div r—}
Vix 5V/div

1.5A 1.5A
—_— Vours}—o 2Vidiv
lour M 0.1A 1 Aldi lour M 0.1A ——1 Aldi
out > 1AV out ¥ 1Aidiv Vensl—o "N 2Vfdiv
SLEW RATE =0.14A/us SLEW RATE =0.14A/us EN=1
100ps/div 100ps/div 200ps/div
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MAX77847

5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

(VN = 3.8V, Voyt =3.3V, L = 1pyH (Samsung CIGT252010EH1RO0M), Skip Mode, T = +25°C, unless otherwise noted.)

ENABLE SHUTDOWN WAVEFORM

3.3VOUTPUT 0wzt
Vixin
Vix;
Vour»|
EN=0
/
Venm
2ms/div
SHORT-CIRCUIT RESPONSE
33VOUTPUT (i =458)
FPWN = 0
SHORT APPLIED
Vour
R _
ILm
2ms
ILx
»
1ms/div
SWITCHING WAVEFORM
5.2V OUTPUT
S S _toc34
V| Vour=52v
X loyr = 1A
»
Vixe
»
Fow = 2.2MHz
400ns/div

www.analog.com

DYNAMIC VOLTAGE SCALING
5Vidiv
2Vidiv
4.4V
V=27V
GPI_CFGBIT=1
2.1V LOAD =5Q
1Vidiv 1Vidiv
T —
Nidy Vot 2Vidiv
SLEW RATE = 225mV/us
20ps/div
SHORT-CIRCUIT RESPONSE
3.3V OUTPUT (I = 3.6A) sz
FPWM =0
SHORT APPLIED
Ny Vour 2Vidiv
»
lm
Zrﬁs
2NV Iy 2A/div
Lo
1ms/div
OUTPUT RIPPLE IN SKIP MODE
3.3V OUTPUT 10035
loyr = 0A
FPWM=0
2Vidiv
Vour | 50mV/div
2V/div
100ms/div

DYNAMIC VOLTAGE SCALING ooz
Viy= 2.7V
44V GPLCFGBIT=1
LOAD = 5Q
2.1V
Vours 1Vidiv
Vapin 2Vidiv
SLEW RATE = -25mV/pis
40ps/div
SWITCHING WAVEFORM
3.3VOUTPUT
toc33
lour = 1A
Vixt 2V/div
M
Fow = 2.2MHz
Vix2
V/div
P
400ns/div
OUTPUT RIPPLE IN SKIP MODE
3.3V OUTPUT (loyr = 100mA) .
lour = 100mA
FPWM =0
Vour S0mVidiv

10ps/div
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MAX77847

5.5V Input, 4.5A Switching Current High

Efficiency Buck-Boost Converter

(ViN = 3.8V, Vout = 3.3V, L = 1uH (Samsung CIGT252010EH1ROM), Skip Mode, Ta = +25°C, unless otherwise noted.)

OUTPUT RIPPLE IN FPWM

3.3V OUTPUT (loyr = 0A) o7
loyr = 0A
FPWM =1
VOUT FSEE FUSSL FU DU U SR R W
10ps/div
MAXIMUM OUTPUT CURRENT vs.
SUPPLY VOLTAGE oo
45 -
4 |UM =45A
35 /
\ // /
< 25 / /
e L LW/ Vour =18V
S Vour =2.3V]
15 g / Vaur=33V_
1
05
0
15 25 35 45 55

www.analog.com

SUPPLY VOLTAGE (V)

20mV/div

LOAD (A)

Vour |

OUTPUT RIPPLE IN FPWM
3.3V OUTPUT (lgyr =100mA) 0

loyr = 100mA
FPWM = 1

20mV/div

10ps/div

MAXIMUM OUTPUT CURRENT vs.
SUPPLY VOLTAGE

tocd0

Im=3.6A

/S

Vour =1.8V_]|

/
///
/

VOUT =23V

Vour = 3.3V

25 35 45
SUPPLY VOLTAGE (V)

55
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MAX77847

5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

Pin Configurations

TOP VIEW
(BUMP SIDE DOWN)
MAX77847
1 2 3 4 5
A
B
o

15 WLP
(2.15mm x 1.63mm x 0.65mm, 0.4mm PITCH)

Pin Descriptions

PIN NAME FUNCTION Type
A1 IN Buck-Boost Input. Bypass to PGND with 2x 10V 10uF X7R ceramic capacitor. Tr?;vlftr
A2 LX1 Input-Side Buck-Boost Switching Node. Power
A3, B3, C3 PGND Power Ground. Ground
A4 LX2 Output-Side Buck-Boost Switching Node. Power
A5 ouT Buck-Boost Power Output. Bypass to PGND with 2x 10V X7R 10uF ceramic capacitor. gz\tléirt
B1 BIAS Interna.l Blgs Supply. Bypass to AGND with a 10V 2.2uF X7R ceramic capacitor. Do not Analog
load this pin externally.
B2 GPI General Purpose Input Pin. Forced PWM mode control input (default) or DVS control input. ?,;gpﬁl
B4 EN Buck-Boost Enable Input. Digital
Input
. Analog
B5 ouTs Buck-Boost Output Voltage Sense Input. Connect to the output at the point of load. Input
c1 scL 12C Clock Input (Hi-Z in OFF State). This pin requires a pullup resistor to the system 10 Digital
supply voltage. Connect to AGND if not used. Input
12C Data I/O (Hi-Z in OFF state). This pin requires a pullup resistor to system 10 supply. -
c2 SDA Connect to AGND if not used. Digital /O
C4 AGND Analog Ground. Ground
cs SEL Device Configuration Pin. Connect a resistor between this pin and AGND to configure Analog
output voltage and device target address. See SEL Pin Configuration section. Input

www.analog.com
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5.5V Input, 4.5A Switching Current High

MAX77847
Efficiency Buck-Boost Converter

Functional Diagrams

LX1 LX2

»—% l ? N o

% MAX77847
ACTIVE
’SOFTSTARTH ocP ‘ aenve -
N ouT %

CONTRL — ours
BIAS | FPWM/DVS
EN SLOPE HSCS1/2
- COMPENSATION
»
‘: OVP REF .
SCL cst/ TARGET L
SDA 12C LOGIC cs2 -¢— OUTPUT
EAMP SELECTOR
REF ‘

AGND
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MAXT77847 5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

Detailed Description

The MAX77847 is a low quiescent current, high-efficiency buck-boost converter with a wide input voltage range (1.8V to
5.5V) for single-cell Li-lon batteries, two-cell Alkaline batteries, or LiISOCIy batteries. The converter features an output
voltage range from 1.8V to 5.2V with 50mV steps. The converter seamlessly transitions between buck and boost modes
of operation. An 12C adjustable peak current limit lets the user maximize board space across various systems based on
load requirements by allowing flexible inductor sizing. The device also provides a general-purpose input (GPI) pin, which
can be configured as an FPWM to enable input or DVS control input through the 12C interface. The active discharge
function discharges the charge on the output capacitor when the device is disabled and stops switching.

The device is equipped with thermal shutdown and cycle-by-cycle switching current limit to protect the system and the
device. The MAX77847 is available in a 2.18mm x 1.66mm 15-bump WLP package.

Startup and Shutdown

Startup
When the EN pin is set to high, the IC turns on the internal bias circuitry which typically takes 100us (ToNn_pLY) to settle.
For the MAX77847A (MAX77847B), the ENJ[O0] bitfield in CFG(0x01) register is set to 0b0 (0b1) by default. When EN[0] is

set to Ob1 through I2C, the controller senses the SEL pin resistance to set the reference voltage. The
RseL reading takes about 450us (TggL). After the IC reads the Rggp value, it begins the soft-start process.

To limit the inrush current during startup, the device reduces the switching current limit level (I_jv_ss) to about half of the
ILim. Soft-start time ends when the output voltage reaches the target regulation point (90% of VTargeT). After an

additional 100us of transition time, the device switches to normal switching control (Skip mode/FPWM) increasing the
switching current limit to I 1. Note that the part operates in FPWM for the entire duration of the soft start time. Setting
the switching current limit post startup is described in the Switching Current Limit section. The part operates in Skip Mode
by default post startup but can be set to operate in FPWM mode as outlined in the SKIP Mode and Forced-PWM (FPWM)
Mode section.

The device is equipped with a Soft-Start Time Out Timer (Tgs = 4ms(typ)), and if the output voltage does not reach the
target regulation point (90% of VTaRGET) When the Tgg expires, the IC latches off and does not start up until EN pin or
ENIO] bitfield, or V|y is cycled. Note: The minimum output voltage the converter can start with is 2.3V, as shown in
Table 1.

EN

A

Vout

ToN_DLY TSEL

100ps

VREF

100ps

ILM_SS L

T

'____________i_ i P

Figure 1. Startup Waveform
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MAXT77847 5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

Immediate Shutdown Conditions

The converter stops switching whenever the MAX77847 is disabled by EN[0] bitfield or the EN pin is pulled low or is
latched off by protections. After the converter stops switching, the MAX77847 turns on the active discharge switch
between OUT and PGND to quickly discharge the output capacitor.

Several conditions cause the latch off, regardless of EN[0] bitfield or EN pin state;

1. Thermal shutdown (TSHDN)

2. Soft-start timeout (Tss)

3. Continuous I events for about 2ms (typ)
4. Undervoltage Lockout (UVLO)

The events in this category shutdown the output until fault conditions are removed from the system and V|y or EN[O]
bitfield or EN pin is cycled. See the Profections section for more details about the features listed above.

Active Discharge

The device features an active discharge resistor which quickly discharges the output voltage when the device is tumed
off. When the MAX77847 is disabled by the bitfield EN[0] or any protection, an internal 100Q switch for the output active
discharge function is turned ON and provides a path to discharge the energy stored in the output capacitor to PGND.
While the MAX77847 is enabled, the internal switch for active discharge is disconnected from the output. The active
discharge resistor can be disabled through I2C using the AD[0] bitfield in the CFG(0x01) register.

General Purpose Input (GPI)

The GPI hardware pin can be configured either as a DVS or FPWM control pin through 12C. When the GPI_CFG[0] bitfield
in the CFG(0x01) register is set to 0b0, the GPI pin acts as an input to transition the part from Skip to FPWM mode. See
the Skip Mode and Forced-PWM (FPWM) mode section for more information. When the GPI_CFG[0] bitfield is set to 0b1,
the GPI pin acts as a DVS input. See the Dynamic Voltage Scaling (DVS) section for more information.

Buck-Boost Regulator

The MAX77847 utilizes a four-switch H-bridge architecture to operate in buck, boost and buck-boost mode. This topology
maintains output voltage regulation over the entire input voltage range and ensures a smooth transition between the
operating modes based on VN and VoyT. The buck-boost regulator is ideal for operating in single-cell Li-ion battery-
powered applications, providing a low quiescent current Iq and output voltage between 1.8V and 5.2V. A fast switching
frequency of 2.2MHz and a unique control algorithm allow small external components, low output noise, and high
efficiency across the entire operating range.

Buck- Boost Control Scheme

The buck-boost converter uses a 2.2MHz fixed-frequency pulse width modulation (PWM) control scheme with current-
mode compensation. The architecture integrates four FETs operating as switches: an input high-side FET (HS1), an input
low-side FET (LS1), an output high-side FET (HS2), and an output low-side FET (LS2). A proprietary algorithm controls
these switches in four different phases:

e Phase 1 (®1): HS1 and LS2 Switch on to store energy in the inductor by ramping up inductor current at a rate
determined by the input voltage and the inductance: dl /dt = V|n/L

e Phase 2 (#2): HS1 and HS2 switch on to either charge or discharge the inductor, depending on the input and output
voltage difference. In boost mode, VoyTt > VN and the inductor current ramps down. In buck mode, V|N > VoyT and

the inductor current ramps up: dl /dt = (V|N - VouT)/L

e Phase 3 (P3): LS1 and HS2 switch on to discharge the inductor by ramping down the inductor current at a rate
determined by the output voltage and the inductance: dl /dt = -VoyT/L

e Phase 4 (®4): LS1 and LS2 switch on to disconnect the inductor from the output and input voltages.
Soft-start utilizes ®1 and ®3 to ramp the output voltage up.
Boost mode (VN < VouT) utilizes ®1 and ®2 within a single clock period. See Figure 2. Buck mode (V|N > Vour) utilizes

@2 and ®3 within a single clock period. See Figure 2. The buck-boost converter utilizes a proprietary 2-phase control
topology to transition between Buck and Boost modes seamlessly.
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MAXT77847 5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

BUCK OPERATION

BUCK-BOOST

H-BRIDGE TOPOLOGY oyt
2 )

®3 ®3

2 HS2 T T
CHARGE/DISCHARGE L e W - T —

5 CLK CLK CLK
BOOST OPERATION

IN
I \
[0X] LS2 \O o1
DISCHARGE L CHARGE L o1 2 o1 92

HS1
Ls1

e Toy —a—— Ty ——>

CLK CLK CLK

Figure 2. Buck-Boost H-Bridge Topology

SKIP Mode and Forced-PWM (FPWM) Mode

The MAX77847 supports SKIP mode operation for improving light load efficiency. The IC automatically enters SKIP mode
operation at no load or light load conditions. In SKIP mode, output voltage VoyrT is regulated between SKIP mode upper

threshold (Vskip uppPER) and lower threshold (Vskip LoweR), Which are typically 75mV and 25mV above output voltage
target (VTARGET_), respectively. The output voltage_controls the device switching in SKIP mode. The part continues
switching until Vgkip uppPER is reached and then uses Phase 4 (®4) to discharge the inductor current until the output
voltage drops to VSKTP_LOWER- See Figure 3 for a typical Skip mode waveform. The IC automatically transitions from
SKIP mode to PWM mode depending on the output load condition and input/output voltage ratio.

The device can be set to enter PWM mode regardless of load by writing Ob1 to the bitfield FPWM][0] in CFG(0x01) register
through the I12C serial interface or by pulling the GPI pin high when the GPI pin is programmed to the FPWM feature by
writing 0b0 to bitfield GPI_CFG[0] in CFG (0x01) register . See the General Purpose Input (GPI) section for more
information. Forced-PWM (FPWM) mode benefits applications where the lowest output ripple is required, whereas SKIP
mode helps maximize the buck-boost regulator’s efficiency at light loads.

Regardless of the FPWM][0] bitfield setting, the IC enters FPWM mode when VoyT is changed to a different VTARGET
(DVS) to quickly transition to the new output voltage. During DVS events that transition from a higher VoyT to a lower
one while operating in Skip mode, the IC enters FPWM mode when Vo falls to the old VTaARGET and stays in FPWM
mode until VoyT reaches the new VtargeT. After the FPWM mode for DVS stops, the power converter resumes
regulation based on Skip/FPWM mode.
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MAX77847

5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

VSKIP_UPPER

VSKIP_LOWER

Vout

VIARGET [~~~ ——————~— -~~~ - ———— -

Figure 3. Skip Mode Waveform

Output Voltage Configuration

The IC supports a programmable output voltage between 1.8V to 5.2V with a step size of 50mV. The default output
voltage is programmable through discrete steps with a single resistor connected between SEL and AGND. See the SEL
Pin Configuration section for more information. The default output voltage value is written to the bitfield VOUT[6:0] in the
VOUT_L(0x03) register when the part reads the Rgg| pin during Starfup. The output voltage can be programmable

between 1.8V to 5.2V through 50mV steps by writing to the bitfield VOUT[6:0] through 12C. Note that the converter requires

a minimum input OR output voltage of 2.3V.

SEL Pin Configuration

The SEL pin allows a single resistor (Rgg| ) to be connected to AGND. Through Rgg| value, the MAX77847 can configure

start up output voltage (16 options), and 12C target addresses (2 options). During the startup, the device reads the
RsgL value to configure the device for the settings mentioned earlier. Choose a resistor with 1% tolerance or better. See

Table 1 for recommended values for Rgg| for each setting.

Table 1. RggL Selection Table

RseL (kQ) VouT (V) TARGET ADDRESS (7bit)
Short (0) 3.3
4.99 2.3
5.90 25
7.15 2.6
8.45 2.7
100 2.8
11.8 2.9
14.0 3.0
110 0111b
16.9 3.4
20.0 3.6
23.7 3.8
28.0 4.0
34.0 4.2
40.2 45
475 5.0
56.2 5.2

www.analog.com
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MAXT77847 5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

66.5 3.3
80.6 2.3
95.3 25
113 2.6
133 2.7
162 2.8
191 2.9
220 30 110 1111b
267 3.4
324 36
383 3.8
452 4.0
536 4.2
634 45
768 5.0
909 or OPEN 5.2

Dynamic Voltage Scaling (DVS)

The MAX77847, with its low Iq and high efficiency over its entire output voltage range of 1.8V to 5.2V, can be used as a
power supply for RF Power Amplifiers (RFPA). The latest RFPA used in the cellular industry has an increased power
output and, therefore a demand for higher efficiency while maintaining output linearity. This can be achieved through the
DVS feature available in MAX77847 to modulate the power supply to the RFPA to increase system efficiency. The fast-
rising slew rate of 225mV/us (typ.) available for DVS enables changing the output voltage of MAX77847 within a few
microseconds (TRrisg). The DVS feature is accessible through the external GPI pin, as shown in Figure 4. Figure 4 also
shows a typical DVS waveform to change the output voltage from VoyT1 and VoyTt2 and back in time Tr|sg and TEaLL,
respectively. The times TRr|sg and TraLL depend on the input/output voltage, rising and falling slew rates and output load
conditions.

The GPI pin can be configured as a DVS control input through the GPI_CFGJ0] bitfield in the CFG(0x01) register. When
this bit is programmed to Ob1, the GPI pin acts as a DVS input pin. When the pin is pulled to logic high, the output voltage
switches to the value programmed in the bitfield VOUT_H[6:0], with a default value of 3.6V. When the pin is pulled to logic
low, the output voltage switches to the value programmed in the bitfield VOUT[6:0]. Two rising and falling slew rates
between the DVS voltage can be programmed through 12C in the RU_SR[0] and RD_SR][0] bitfields, respectively, in the
CFG(0x01) register. When GPI_CFG[0] bitfield is programmed to 0b0, the output voltage regulates the value programmed
in VOUT [6:0] regardless of the state of the GPI pin. See the Register Map for details about the programmable slew rates
supported by MAX77847.
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MAXT77847 5.5V Input, 4.5A Switching Current High
Efficiency Buck-Boost Converter

GPI
| |
| |
|
VN — : |
MAX77847 I TRISE |
GPI — | | VouT2
Vce |
| |
RF RF ! :
INPUT OUTPUT I I
| |
| |
VREF : :
|
| |
| |
| |
| |
Vout | |

Figure 4. Dynamic Voltage Scaling

Protections
Thermal Shutdown
MAX77847 has an internal thermal-protection circuit that monitors die temperature. The device is designed to operate at

an ambient temperature of -40°C to +125°C. The Thermal Shutdown Protection feature protects the die from overheating
to the Thermal Shutdown Protection Threshold, Tsypn (+150°C (typ)) under load conditions. The buck-boost latches off

if the die temperature exceeds TsypN. The buck-boost output must be enabled again by toggling VN or cycling the EN[0]
bitfield or the EN pin after the die temperature cools by +15°C.

Undervoltage Lockout (UVLO)

The MAX77847 supports a UVLO feature that prevents operation in abnormal input voltage conditions when V) falls
below the VyvLO falling threshold. Therefore, regardless of the status of the EN[0] bitfield, the device disables until the
input voltage V| rises above the VyyLo rising threshold. After the V| rises above the appropriate threshold, follow the
steps in the Starfup section to enable the buck-boost converter.

Overvoltage Protection

MAX77847 detects the voltage difference between OUT and OUTS, and if the voltage difference (OUT—-OUTS) exceeds
the OVP threshold voltage level (0.5V typ), the device turns off all switches. This prevents OUTS = OPEN conditions from
overdriving the output beyond safe operating ranges and works with Soft Start Timeout Timer (Tgg) to turn off the

switching converter. However, this protection does not trigger the Overvoltage Protection status bitfield, OVP[0], in the
STAT(0x00) register.

Additionally, the device shuts off whenever OUTS detects a voltage over 20% of the target output value (10% when the
OUT target is set above 5V) and sets the bitfield OVP[0] in the STAT(0x00) register.
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Switching Current Limit

MAX77847 features a robust switching current limit scheme that protects the IC and inductor during overload and fast
transient conditions. The current sensing circuit takes current information from the high-side MOSFETSs to determine the
peak switching current (Rps(on) X IL).

The IC provides two different switch current limit levels (4.5A(typ) and 3.6A(typ)), which can be programmed through the
I2C interface using the bitfield ILIM[0] in register CFG(0x01). If the switching current hits the current limit (I_ ) for about
2ms, the IC latches off the output. The buck-boost can be enabled again by cycling bitfield EN[O] or EN pin or V.

When the inductor current reaches the switching current limit level (I ), the inductor charging phase terminates, and the

discharging phase begins for the rest of the switching period. The charging phase begins again at the end of the switching
period, determined by the falling edge of the clock cycle. As a result, the inductor current ripple and the switching
frequency differ from the typical switching frequency (fsw) of 2.2MHz.

SHORT

/ CIRCUIT

Vout

Iim

Figure 5. Short Circuit Waveform
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MAXT77847 5.5V Input, 4.5A Switching Current High

Efficiency Buck-Boost Converter

Detailed Description—I?C Interface

The 12C-compatible, 2-wire serial interface is used for the regulator on/off control, setting output voltages, DVS slew rate
and other functions. The MAX77847 supports the data rate of an 12C Bus, up to 1Mbps (Fast-Plus Mode). See the Register
Map for details.

The I12C serial bus consists of a bidirectional serial-data line (SDA) and a serial clock (SCL). I2C is an open-drain bus.
SDA and SCL require pull-up resistors (500Q or greater). Optional 24Q resistors in series with SDA and SCL help protect
the device inputs from high voltage spikes on the bus lines. Series resistors also minimize crosstalk and undershoot on
bus lines.

System Configuration

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

Figure 6 shows an example of a typical I2C system. A device on the I2C bus sends data to the bus is called a transmitter.
A device that receives data from the bus is called a receiver. The device that initiates a data transfer and generates SCL
clock signals to control the data transfer is a controller. Any device that is being addressed by the controller is considered
a target. When the MAX77847 12C-compatible interface is operating, it is a target on the 12C bus, and it can be both a
transmitter and a receiver.

SDA

SCL T

T

T

CONTROLLER TARGET CONTROLLER
TRANSMITTER/ RTEACFE?\EER TR;,G\ESETTER TRANSMITTER/ TRANSMITTER!
RECEIVER RECEIVER RECEIVER

Figure 6. Functional Logic Diagram for Communications Controller

Bit Transfer

One data bit is transferred for each SCL clock cycle. The data on SDA must remain stable during the high portion of the

SCL clock pulse. Changes in SDA, while SCL is high, are control signals (START and STOP conditions).

SDA

SCL /

DATA LINE STABLE
DATA VALID

N

CHANGE OF DATA
ALLOWED

|

Figure 7. I2C Bit Transfer
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MAXT77847 5.5V Input, 4.5A Switching Current High
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START and STOP Conditions

When the 12C serial interface is inactive, the SDA and SCL idle high. A controller device initiates communication by issuing
a START condition (S). A START condition (S) is a HIGH-to-LOW transition on SDA with SCL HIGH. A STOP condition
(P) is a LOW-to-HIGH transition on SDA, while SCL is HIGH.

A START condition (S) from the controller signals the beginning of a transmission to the MAX77847. The controller
terminates transmission by issuing a NOT-ACKNOWLEDGE (nA) followed by a STOP condition (P).

The STOP condition (P) frees the bus. To issue a series of commands to the target, the controller may issue REPEATED
START (Sr) commands instead of a STOP condition (P) to maintain control of the bus. Generally, a REPEATED START
(Sr) command is functionally equivalent to a regular START condition (S).

When a STOP condition (P) or incorrect address is detected, the IC internally disconnects SCL from 12C serial interface
until the next START condition, minimizing digital noise and feed through.

S Sr P
» bY)
SDA \ [ \ / [{¢ \ f
- -+ tSU;STA - < tSU;STO
WAWAWAY
—» <+ tHD;STA —» <+ tHD;STA

Figure 8. START and STOP Conditions

Acknowledge Bit

The 12C bus controller and MAX77847 (target) generate the 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 acknowledge-related clock pulse (ninth pulse) and keep it LOW during the HIGH period of
the clock pulse. 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.

Monitoring the acknowledge bits allows for the 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 controller should reattempt communication later.

S NOT-ACKNOWLEDGE (nA) ACKNOWLEDGE (A)
i ) \ 5
| o /]
1 )) !

WA

€ tsupaAa > e

| Pl tip paTA
« AR AT

o

/

N

Figure 9. Acknowledge Bit
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Target Address
The MAX77847 supports two different target addresses, which can be selected via Rgg| . The 12C target addresses of
the IC are shown in Table 2 . Figure 10 shows the 7-bit target address at 0x67.

7- BIT ADDRESS: 0x67
SDA
\ / 1 1 \ 0 0 / 1 1

SCL

Figure 10. Target Address Byte Example

Table 2. MAX77847 I°C Target Address

TARGET ADDRESS (7 Bit) | TARGET ADDRESS (Write) | TARGET ADDRESS (Read) RseL (kQ)
0b110 0111 (0x67) 0b1100 1110 0b1100 1111 0-56.2
0b110 1111 (Ox6F) 0b1101 1110 0b1101 1111 66.5 - OPEN

Clock Stretching

In general, the clock signal generation for the 12C bus is the responsibility of the controller device. The 12C specification
allows a slow target device to alter the clock signal by holding down the clock line. The process in which a target device
holds down the clock line is typically called clock stretching. The IC does not use the form of clock stretching to hold down
the clock line.

General Call Address

The MAX77847 does not implement the 12C specification called a general call address. If the IC sees a general call
address (0000 0000b), it will not issue an ACKNOWLEDGE (A).

Communication Speed
The IC provides an 12C 3.0-compatible (3.4MHz) serial interface.

e (OHz to 100kHz (standard mode)
e (OHz to 400kHz (fast mode)
e (OHz to 1MHz (fast-mode plus)

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 pullup
resistors. Higher time constants created by the bus capacitance and pullup resistance (C x R) slow the bus operation.
Therefore, the pullup resistance must be decreased when increasing bus speeds to maintain a reasonable time constant.
Refer to the Pullup Resistor Sizing section of I12C revision 3.0 specification for detailed guidance on the pullup resistor
selection. Generally, for bus capacitances of 200pF, a 100kHz bus needs 5.6kQ pullup resistors, a 400kHz bus needs
about 1.5kQ pullup resistors, and a 1MHz bus needs 680Q pullup resistors. Note: The pullup resistor dissipates power
when the open-drain bus is low. The lower the value of the pullup resistor, the higher the power dissipation (V2/R).

At power-up and after each STOP condition (P), the IC input filters are set for standard mode, fast mode, or fast-mode
plus (i.e., OHz to 1MHz).

Communication Protocols

The MAX77847 supports both writing and reading from its registers. The following sections show the 12C-communication
protocols for each functional block. The power block uses the same communications protocols.
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Writing to a Single Register

Figure 11 shows the protocol from the I2C controller device to write one byte of data to the IC. This protocol is the same
as the SMBus specification’s write byte protocol.

The write byte protocol is as follows:

e The controller sends a START condition (S).

e The controller sends the 7-bit target address followed by a write bit (RW =0)

e The addressed target asserts an ACKNOWLEDGE (A) by pulling SDA LOW.

e The controller sends an 8-bit register pointer.

o The target acknowledges the register pointer.

o The controller sends a data byte.

e The target acknowledges the data byte. At the rising edge of SCL, the data byte will be loaded into its target register,
and the data will become active.

e The controller sends a STOP condition (P) or a REPEATED START condition (Sr). Issuing a STOP condition (P)
ensures that the bus input filters are set for 1MHz or slower operation. Issuing a REPEATED START (Sr) leaves the
bus input filters in their current state.

LEGEND
CONTROLLER TARGET TO *P FORCES THE BUS FILTERS TO SWITCH TO THEIR < 1MHz MODE.
TO TARGET CONTROLLER Sr LEAVES THE BUS FILTERS IN THEIR CURRENT STATE.
5 7 1 8 1 8 L 4—3?“@?
[ i soiess o[ Fedsfedeoner o] ok T [B pers]
RIW e Y

THE TARGET REGISFER
AND BECOMES AGTIVE
....... DURING THIS RISING EDGE.

.- "$DA B B0 A /

h ACKNOWLEDGE

Figure 11. Writing to a Single Register with Write Byte Protocol

Writing to Sequential Register

Figure 12 shows the protocol for writing to sequential registers. This protocol is like the write byte protocol, except the
controller continues to write after receiving the first data byte. When the controller is done writing, it issues a STOP or
REPEATED START.

The writing to sequential registers protocol is as follows:

The controller sends a START command (S).

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

The addressed target asserts an ACKNOWLEDGE (A) by pulling SDA low.

The controller sends an 8-bit register pointer.

The target acknowledges the register pointer.

The controller sends a data byte.

The target acknowledges the data byte. At the rising edge of SCL, the data byte will be loaded into its target register,
and the data will become active.

e Steps 6 to 7 are repeated as often as the controller requires.
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o During the last acknowledge related clock pulse, the target issues an ACKNOWLEDGE (A).

e The controller sends a STOP condition (P) or a REPEATED START condition (Sr). Issuing a STOP condition (P)
ensures that the bus input filters are set for 1MHz or slower operation. Issuing a REPEATED START (Sr) leaves the
bus input filters in their current state.

LEGEND
CONTROLLER TARGET TO *P FORCES THE BUS FILTERS TO SWITCHTO THEIR < IMHz
TO TARGET CONTROLLER MODE. Sr LEAVES THE BUS FILTERS IN THEIR CURRENT STATE.
NUMBER
U S VSN S U ST 1% OF BITS
|s| TARGET ADDRESS |0|A| REGISTER POINTER X |A| DATA1 - |A|
RW '.”'u
RIMW NUMBER
s et T oraims
| DATA2 - |A| . DATA3 - |A|o'.ooo
REGISTERPOINTER " '¢ REGISTERPOINTER ~ g
=X+ =X+2
NUMBER
oooo| DATA N1 - |A| © DATAN |A| Porsr I
REGISTERPOINTER o« REGISTERPOINTER P
=X+(N-2) =X+(N-1)
- THE DATA IS LOADED INTO
--------------------------- o THE TARGET REGISTER AND
- BECOMES ACTIVE DURING
.-"SDA B B0 A B Y . THIS RISING EDGE.
: hN ACKNOWLEDGE :
sl A/T\_/T\_/T\_/T\_.*DETAILW
- THE DATA IS LOADED INTO
UUUETTEEEEE TP EEE PR o THE TARGET REGISTER AND
R BECOMES ACTIVE DURING
.-"8DA B BO A / THIS RISING EDGE.
: ™\ ACKNOWLEDGE ;
‘.'».S_C_L F\_/T\_/ 9 \ / .. DETAIL:p

Figure 12. Writing to Sequential Registers

Reading from a Single Register

Figure 13 shows the protocol for reading from a single register. This protocol is identical to the “Read Byte” protocol in
the SMBus specification.

The “Read Byte” protocol is as follows:

The controller sends a START condition (S).

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

The addressed target asserts an ACKNOWLEDGE (A) by pulling the SDA LOW.

The controller sends an 8-bit register pointer.

The target acknowledges the register pointer.

The controller sends a REPEATED START command (Sr).

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

The addressed target asserts as ACKNOWLEDGE (A) by pulling SDA LOW.

The addressed target places 8 bits of data from the location specified by the register pointer on the bus.
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e The controller issues a NOT-ACKNOWLEDGE (nA).

e The controller sends a STOP condition (P) or a REPEATED START condition (Sr). Issuing a STOP condition (P)
ensures that the bus input filters are set for 1MHz or slower operation. Issuing a REPEATED START condition (Sr)
leaves the bus input filters in their current state.

LEGEND
CONTROLLER TARGET TO *P FORCES THE BUS FILTERS TO SWITCHTO THER < 1MHz MODE.
TO TARGET CONTROLLER SrLEAVES THE BUS FILTERS IN THEIR CURRENT STATE.

NUMBER
st ' < orars
|s| TARGET ADDRESS |O|A| REGISTER POINTER |A|Sr| TARGET ADDRESS |1|A| DATA |nA| P or Sr* |

RiW RiW

Figure 13. Reading to a Single Register

Reading from Sequential Registers

Figure 14 shows the protocol for reading from sequential registers. This protocol is similar to the “Read Byte” protocol,
except the controller device issues an ACKNOWLEDGE (A) to signal the target device that it wants more data. When the
controller device has all the data it requires, it issues a NOT-ACKNOWLEDGE (nA) and a STOP condition (P) to end the
transmission.

The “Continuous Read from Sequential Registers” protocol is as follows:

The controller sends a START condition (S).

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

The addressed target asserts an ACKNOWLEDGE (A) by pulling the SDA LOW.

The controller sends an 8-bit register pointer.

The target acknowledges the register pointer.

The controller sends a REPEATED START command (Sr).

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

The addressed target asserts an ACKNOWLEDGE (A) by pulling the SDA LOW.

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

The controller issues an ACKNOWLEDGE (A), signalling the target that it wishes to receive more data.

Steps 9 to 10 are repeated as often as the controller requires. Following the last byte of data, the controller must issue
a NOT-ACKNOWLEDGE (nA) to signal that it wishes to stop receiving data.

e The controller sends a STOP condition (P) or a REPEATED START condition (Sr). Issuing a STOP condition (P)
ensures that the bus input filters are set for 1MHz or slower operation. Issuing a REPEATED START condition (Sr)
leaves the bus input filters in their current state.
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LEGEND
CONTROLLER TARGET TO *P FORCES THE BUS FILTERS TO SWITCHTO THEIR < 1MHz MODE.
TO TARGET CONTROLLER St LEAVES THE BUS FILTERS INTHEIR CURRENT STATE.
NUMBER
PN SRS 0 NS S U S ° L orars
|s| TARGET ADDRESS |0 REGISTER POINTER X .Sr| TARGET ADDRESS |1
RihW J RhW
NUMBER
8 1 8 1 8 R et
eceoe
REGISTER POINTER REGISTER POINTER REGISTER POINTER
=X+1 =X+2 =X+3
NUMBER
8 1 8 1 8 11w B
REGISTER POINTER REGISTER POINTER REGISTER POINTER
=X+(N-3) =X+(N-2) =X+ (N-1)

Figure 14. Reading from Sequential Registers
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Register Map
MAX77847
ADDRESS NAME MSB LSB
Global Configuration
0x00 STAT[7:0 DEV_ID[3:0] RSVD TSHDN OVP OCP
0x01 CEG[7:0 ILIM RU_SR RD_SR EN EN_PD AD GPI_CFG FPWM
0x02 VOUT_HI[7:0 RSVD_VOUTH VOUT_H[6:0]
0x03 VOUT_L[7:0 RSVD_VOUT VOUT[6:0]
Register Details
STAT (0x0)
BIT 7 6 5 4 3 2 1 0
Field DEV_ID[3:0] RSVD TSHDN OVP OCP
Reset 0b0000 0x0 0b0 0b0 0b0
Read Clears Read Clears Read Clears
Access Type Read Only Read Only
All All All
BITFIELD BITS DESCRIPTION DECODE
DEV_ID 74 Indicates the ID of the device in use. MAX77847 = 0x0 (default)
RSVD 3 Reserved N/A
. 0x0 = Thermal shutdown was NOT detected.
TSHDN 2 Thermal Shutdown Status Bit.
0x1 = Thermal shutdown was detected.
. . . 0x0 = Output overvoltage has NOT been detected.
Overvoltage Protection Status Bit. Triggers when .
OVP 1 . 0x1 = Output overvoltage detected. Buck-Boost actively
OVP is detected. .
discharged.
. . . 0x0 = Switching current limit has NOT been reached.
Overcurrent Protection Status Bit. Triggers when o o . .
OCP 0 . 0x1 = Switching current limit protection triggered. Buck-
OCP is detected. . .
boost actively discharged.
CFG (0x1)
BIT 7 6 5 4 3 2 1 0
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Field ILIM RU_SR RD_SR EN EN_PD AD GPI_CFG FPWM
Reset 0b0 Ob1 Ob1 Obcustom Ob1 Ob1 0b0 0b0
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION DECODE
ILIM 7 Switching Cl t Limit P ing Regist 0x0 = 4.5A (default)
witchin rrent Limit Programmin ister.
ching Curre ogra g Registe 0x1=36A
Voutr Ramp-Up Slew Rate 0b0 = 100mV/us
RU_SR 6 our Ramp-tp H
- Ob1 = 225mV/us (default)
0b0 = 12.5mV/us
RD_SR 5 Voutr Ramp-Down Slew Rate
Ob1 = 25mV/ys (default)
) 0b0 = Buck-boost disabled (default for option A)
EN 4 Buck-Boost Enable Bit )
0b1 = Buck-boost enabled (default for option B)
EN_PD 3 Enable Pin Pull-D Resistor Setti 060 = Disabled
_| nable Pin Pull-Down Resistor Setting 0b1 = Enabled
AD 2 Outout Active Disch 0b0 = Active discharge disabled
utput Active Discharge
P 9 0b1 = Active discharge enabled (default)
. ) . 0b0 = FPWM mode enable input (default)
GPI_CFG 1 General Purpose Input Pin Configuration. .
0b1 = DVS control input
Forced PWM Mode. This signal is logic OR gated .
. o . 0b0 = Auto skip mode (default)
FPWM 0 with GPI pin input when GPI_CFG is set to FPWM
. 0b1 = FPWM mode enabled
mode enable input.
VOUT H (0x2)
BIT 7 6 5 4 3 2 1 0
Field RSVD_VOUTH VOUT_H[6:0]
Reset 0x0 0b010 0100
Access Type Read Only Write, Read
BITFIELD BITS DESCRIPTION DECODE
RSVD_VOUTH 7 Reserved N/A
000 0000b = 1.80V
VOUT_H 6:0 Output Voltage for DVS = HIGH 000 0001b = 1.85V
000 0010b = 1.90V
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BITFIELD BITS DESCRIPTION DECODE
010 0100b = 3.60V (default)
100 0100b = 5.2V, 50mV per steps
VOUT L (0x3)
BIT 7 6 5 3 2 1 0
Field RSVD_VOUT VOUT[6:0]
Reset 0x0 0xCustom
Access Type Read Only Write, Read
BITFIELD BITS DESCRIPTION DECODE
RSVD_VOUT 7 Reserved N/A
000 0000b = 1.80V
000 0001b = 1.85V
000 0010b = 1.90V
VOUT 6:0 Output Voltage for DVS = LOW.

001 1110b = 3.30V (default)

100 0100b = 5.2V, 50mV per steps
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Applications Information

Input Capacitor Selection

Bypass IN with 2x 10V, X7R, 10uF nominal input capacitor (CjN). Larger values improve the decoupling of the buck-boost
regulator and filter the switching noise for the system. The RMS current rating of the input capacitor in buck-mode needs
to be higher than

Iyms = /D x (1 =D) x IZ + (D x dI?/12),

where dI is the inductor current ripple, D is the duty cycle, and I, is the load current. Consider using multiple capacitors
in parallel to meet this specification if necessary.

Output Capacitor Selection

The minimum effective output capacitance of 4.7uF is required for small output ripple and ensures stable operation of the
buck-boost regulator. Determine the expected effective CoyT carefully by considering the capacitor's initial tolerance,

variation with temperature, and derating with DC bias voltage. Refer to Tutorial 5527 for more information. The RMS
current rating of the effective output capacitor in boost mode needs to be higher than

Igus = /D x (1= D) x I + (D x dI>/12),

where dI is the inductor current ripple, D is the duty cycle, and I, is the load current.

A 16V, 22uF ceramic capacitor is recommended for most applications. Ceramic capacitors with X7R dielectrics are highly
recommended for better effective capacitance, and capacitance tolerance over bias voltage and temperature variations.
The typical applications circuit uses 2 x 10pF, 10V, X7R capacitors.

Inductor Selection

The MAX77847's current sensing circuit and compensation loop are optimized for 1uH inductance. An inductor with a
saturation current greater than or equal to the peak current limit setting (I_jv) and an RMS current rating based on the

expected continuous peak inductor current at a given max load current is recommended. Lower DCR increases buck-
boost efficiency. Recall that there are two different I\ options for the MAX77847. Table 3 lists recommended inductors

for each I\ option. Note that this table was generated in 2023, and as inductor technology improves rapidly, it may not
be the most up-to-date at the time of reading.

Table 3. Recommended Inductors

MANUFA- PART NUMBER ILm 'N:NUCCET i Rl.srglleD:N- SATJI::TION RMEO%UEJTENT D'I'i"f”‘:vs:(ol_?s
CTURER (A) (uH) CE (MAX) CURRENT | TEMPERATURE (mm)
(mQ) (Max) (A) RISE(A)
Cyntec | HTEK20161T-1ROMSR 3.6 1.0 35 (43) 4.6 (4.2) 4.1 2.0x16x1.0
Cyntec | HTEH20161T-1ROMSR 3.6 1.0 27 (36) 4.8 (4.2) 43 2.0x16x1.0
Samsung | CIGT252010TM1ROMLE | 4.5 1.0 21 (23) 5.5 (5.3) 5.3 25x2.0x1.0
Cyntec | HTEP25201T-1ROMSR 45 1.0 18 (25) 5.5 (5.0) 5.2 25x2.0x1.0
Cyntec | HTEH25201T-1ROMTR 45 1.0 21 (26) 5.5 (5.0) 5.2 25x2.0x1.0
Samsung | CIGT252010EL1ROMLE | 4.5 1.0 22 (25) 5.2 (5.0) 47 25x2.0x1.0
Samsung | CIGT252010EH1ROMNE | 4.5 1.0 26 (30) 5.0 (4.7) 4.1 25x2.0x1.0
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PCB Layout Guidelines

Careful circuit board layout is critical to achieving low switching power losses and clean, stable operation. For the WLP
and FC2QFN package, a high-density interconnect (HDI) PCB is not required. Figure 15 shows an example non-HDI PCB
layout for the MAX77847 WLP package.

When designing the PCB, follow these guidelines:

e Place the input capacitors Cy and output capacitors Coyt immediately next to the IN pin and OUT pin, respectively,
of the IC. The trace between the capacitors' ground pin and the IC PGND pin must be routed through the component
mounting layer to minimize trace parasitics. Additionally, the trace for these connections must be as short and wide
as possible. Since the IC operates at a high switching frequency, this placement is critical for minimizing parasitic
inductance within the input and output current loops, which can cause high voltage spikes and can damage the internal
switching MOSFETSs.

o Place the inductor next to the LX bumps/pins (as close as possible), route inductor traces through vias, and make the
traces between the LX bumps/pins and the inductor short and wide to minimize PCB trace impedance. Excessive PCB
impedance reduces converter efficiency. When routing LX traces on a separate layer (as in the examples), make sure
to include enough vias to minimize trace impedance. Routing LX traces on multiple layers is recommended to reduce
trace impedance further. Furthermore, do not allow LX traces to take up excessive area. The voltage on this node
switches quickly and additional area creates more radiated emissions.

o Prioritize the low-impedance ground plane of the PCB directly underneath the IC, CoyT, C|N, and inductor. Cutting
this ground plane risks interrupting the switching current loops.

e AGND must carefully connect to PGND on the PCB low-impedance ground plane. Connect AGND to the low-
impedance ground plane on the PCB (the same net as PGND) away from any critical loops.

e The IC requires a supply input (BIAS), the same net as IN. Carefully bypass BIAS to PGND with a dedicated capacitor
(Cgias) as close as possible to the IC. Route a dedicated trace between Cpgjas and the BIAS bump/pin. Avoid
connecting BIAS directly to the nearest IN bumps/pins without dedicated bypassing.

e Connect the OUTS bump/pin to the regulating point with a dedicated trace away from noisy nets such as LX1 and
LX2.

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

¢ Do not neglect ceramic capacitor DC voltage derating. Choose capacitor values and case sizes carefully. See the

Output Capacitor Selection section and refer to Tutorial 5527 for more information.

LX1 z)/fﬂsxmm? LX2 o _";ND_ o
r A

2.5mmx 2.0mm

0603
0805
AR

COMPONENT SIZES LISTED IN
IMPERIAL (METRIC)

NOTE: PLACE Cin AND Cout CLOSE TO THE IC TO MINIMIZE
PARASITIC INDUCTANCE WITHIN THE LOOP

Figure 15. PCB Layout Example (WLP)
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Typical Application Circuit

L
1uH
1.8V TO 5.5V X1 LX2
DC SOURCE
Vout
—»| IN ouT . >
on | Cour 1.8V-5.2V
2 10uF, 10V =7~ ouTS 2 104F, 10V
XTR, 0803 —L X7R, 0805
- MAX77847 e '
FPWM ENABLE/
ENABLE — | EN Pl
@ DVS CONTROL INPUT
SDA SEL
12C INTERFACE
— »sc .
RsEL Q
BIAS —
Coias AGND  PGND =
2.20F, 10V
X7S, 0402 J—_ %7
*CHOOSE RseL VALUE BASED ON Vour, SEE TABLE 1

Figure 16. Typical Application Circuit

Ordering Information
PART NUMBER DEFAULT EN BIT  PIN-PACKAGE
MAX77847AEWL+T Disabled 15 Pin WLP

MAX77847BEWL+T Enabled 15 Pin WLP
+Denotes a lead(Pb)-free/RoHS-compliant package.

T = Tape and reel.
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