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EVALUATION KIT AVAILABLE

MAX77839

General Description

The MAX77839 is a highly-efficient buck-boost regulator
with an industry leading quiescent current of 6pA targeted
for one-cell Li-ion and down to any battery chemistry with
1.8V discharge voltage. It supports input voltages of 1.8V
to 5.5V and an output voltage range of 2.3V to 5.3V. The
IC provides two different switching current limits to opti-
mize external component sizing based on given load cur-
rent requirements. The MAX77839 supports two different
switching current options ("A" and "B" = 4.4A (typ), "C"
and "D" = 3.6A (typ)), and two different GPIO pin configu-
rations ("A" and "C" = FPWM pin,"B" and "D" = POK pin).
These options provide design flexibility that allow the IC
to cover a wide range of applications and use cases while
minimizing board space.

The IC features a single-resistor adjustable output voltage
from 2.3V to 5.3V. A configurable GPIO pin allows to se-
lect either a FPWM mode control input or a POK open
drain output, depending on the system requirements.
Maxim's unique buck-boost controller technology provides
high efficiency, excellent load and line transient response,
and a seamless transition between buck and boost modes
of operation.

The MAX77839 is available in either a 2.07mm x 1.51mm,
15-bump wafer-level package (WLP), and a 2.5mm x
2.0mm, 11-lead FC2QFN package.

Applications

Asset Tracking/Fleet Management

5G/2G/GSM Cellular Power

RF Amplifier

Smartphones ToF/Facial and Gesture Recognition
System Power Pre-Regulation

Single-Cell Li-ion Battery Powered Devices

19-100983; Rev 0; 12/20

5.5V Input, 4.4A/3.6A Switching Current 6uA Iq

Buck-Boost Converter

Benefits and Features

e Flexible System Integration

+ 1.8V to 5.5V Input Voltage Range

» 2.3V 1o 5.3V Single Resistor Adjustable Output

+ 3.6A Il ¢ ("C" and "D" options) or 4.4A I i ("A"
and "B" options)

* 3A Maximum Output Current (4.4A I i1, Buck
Mode)

* 3A Maximum Output Current (4.4A I\, Boost
Mode 3.0V|N, 3.3VouT)

* 96% Peak Efficiency (V|y = 3.6V, VoyT = 3.3V)

+ Optional GPIO Pin (FPWM input, POK output)

e Low Supply Current that Extends Battery Life
» Skip Mode that Reduces Supply Current at Light
Loads
* BpA Ultra-Low Iq

e 2.2MHz (typ) Switching Frequency

e Integrated Protections that Provide System
Robustness
* Undervoltage Lockout (UVLO)
» Overvoltage Protection (OVP)
* Cycle-by-Cycle Inductor Peak Current Limit
* Thermal Shutdown (TsHDN)

e Active Output Discharge

e Small Solution Size
e 2.07mm x 1.51mm, 0.4mm pitch, 15-bump WLP
e 2.5mm x 2.0mm, 0.5mm pitch, 11-pin FC2QFN

Ordering Information appears at end of data sheet.
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MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

Simplified Block Diagram

L
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*CHOOSE RsEL VALUE BASED ON Vour, SEE TABLE 1 LOAD CURRENT (A)
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MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

Absolute Maximum Ratings

IN, OUT, LX1, LX2, OUTS, BIAS to PGND, AGND . -0.3V to +6V Continuous Power Dissipation
PGND t0 AGND ..o -0.3V to +0.3V 15-WLP Package (Tp = +70°C, derate 16.22mW/°C above
EN, GPIO, SEL to AGND .......cccccceeeiieennen. -0.3V to Vgjas + 0.3V +70°C (NOE 1)) ceeeeieieeiee et 1297.6mW

Note 1: Package thermal resistances were obtained using the method described in JEDEC speficiation JESD51-7, using a four -layer
board. For detailed information on pacakge thermal considerations, refer 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

TYPICAL
PARAMETER SYMBOL CONDITION RANGE UNIT
Input Voltage VIN 1.8t05.5 \%
Output Voltage VouTt 23t05.3 \%
For continuous operation at 3A, the junction
temperature (T) is limited to +105°C. If the
junction temperature is higher than +105°C, the
Output Current Range lout expected lifetime at 3A continuous operation is Oto3 A
derated. Boost mode operation is also limited by
ILim-
Operating Juction Temperature Ty _ffztg °C

Note: These limits are not guaranteed.
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MAX77839

Package Information

5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

WLP
Package Code W151K2Z+1
Outline Number 21-100441
Land Pattern Number Refer to Application Note 1891
Thermal Resistance, Four Layer Board:
Junction-to-Ambient (65) 61.65C°/W
Junction-to-Case Thermal Resistance (6,¢) 14.31C°/W
FC2QFN
Package Code F112A2F+1
Outline Number 21-100431
Land Pattern Number 90-100154
Thermal Resistance, Four Layer Board:
Junction-to-Ambient (644) N/A
Junction-to-Case Thermal Resistance (8,c) N/A

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

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

thermal-tutorial.

www.maximintegrated.com
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MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig

Buck-Boost Converter

Electrical Characteristics

(Ta=Ty=-40°C to +125°C, typical values are at Tp = Tj = +25°C, V|y = +3.8V, RggL = Short to AGND, GPIO = Low (for A, C options),
GPIO = Pull up to VN with 15kQ resistor (for B, D options) unless otherwise noted. (Note 2)

PARAMETER | symBoL | CONDITIONS | MmN TYP MAX | UNITS
INPUT VOLTAGE AND SUPPLY CURRENT
Operating Input Voltage VIN 1.8 5.5 \%
Input Undervoltage . .
Lockout (UVLO) Voltage VUVLO_Rising | Input rising 1.70 1.75 1.80 \%
Input Undervoltage
Lockout (UVLO) VUVLO_Hys 70 mV
Hysteresis
Shutdown Supply _ — 400 o
Current ISHDN EN = low, Tj =-40°C to +85°C 2 uA
EN = high, FPWM = low, T = -40°C to

) la +125°C, no switching 6 14 WA

Input Quiescent Current | EN = high, FPWM = high, T, = 40°C to Z -
Q_FPWM +125°C, no switching
Turn-On Delay Time tbLY_ON From EN high to Rgg| reading 100 us
RseL Reading Time tRSEL 360 450 600 us
BUCK-BOOST CONVERTER
Output Voltage Range VouT See Rgg table 23 53 V
Output Voltage v FPWM = high, Tj = +25°C, no load -1.0 +1.0 o
(o]

Accuracy OUT_ACC "'EpWM = low, T, = +25°C, no load 1.0 +35
Switching Frequency fsw 1.936 2.20 2.464 MHz
High-Side Switching | A, B options 4.05 4.4 4.75 A
Current Limit LM C, D options 3.24 36 3.96
High-Side Switching A, B options 1.75 21 2.45
Current Limit During ILIm ss ] A
Soft-Start - C, D options 1.28 1.6 1.92
Low-Side Switch On
Resistance Rpson Lo | LX1,LX2 58 mQ
High-Side Switch On
Resistance RpsoN_Hi LX1, LX2 50 mQ
Thermal Shutdown . o
Threshold TSHDN T, rising 150 C
Thermal Shutdown o
Hysteresis TSHDN_HYS 15 C
Active Discharge
Resistance RobscHe 100 Q
Line Regulation AVouT/AVIN }gg“d:JC-)SUVTtS o by M= high, no 0.3 +03 | %NV
Load Regulation AVouTt/AloyuT 'SOgJ Tlooﬁiozﬂg'gsag’_g/\'/“ 5=V2'3V’ 3.8V, 0.3 %A
Soft-Start Timeout tss 4 ms
Overvoltage Protection
Threshmdg Vovp Vout - VouTs 0.5 \%

www.maximintegrated.com

Maxim Integrated | 5



MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

Electrical Characteristics (continued)
(Ta=Ty=-40°C to +125°C, typical values are at Tp = Tj = +25°C, V|y = +3.8V, RggL = Short to AGND, GPIO = Low (for A, C options),
GPIO = Pull up to VN with 15kQ resistor (for B, D options) unless otherwise noted. (Note 2)

PARAMETER | symBoL | CONDITIONS | MmN TYP MAX | UNITS
DIGITAL LOGIC (EN, GPIO)
Input Logic-Low Level VL 0.4 V
Input Logic-High Level A 1.3 V
Internal Pulldown .
Roaotar oo RpD EN, GPIO (A, C options) 800 kQ
Output Logic-Low Level VoL ?l;{/O E)I: (=B1 rEAoptlons), pullup voltage = 0.4 \%

Note 2: Limits are 100% production tested at Tp = Tj = +25°C. The MAX77839 is tested under pulsed load conditions such that Ta =
Ty. Limits over the operating temperature range (T = -40°C to +125°C) are guaranteed by design and characterization using
statistical process control methods.
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MAX77839

5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

Typical Operating Characteristics

(VIN = 3.8V, Vout = 3.3V, L = 1pH (Coilcraft XAL4020-102ME), Skip Mode, I jm_x = 4.4A,

SHUTDOWN CURRENT 3.3V OUTPUT
1oc01
Vey = OV (SHUTDOWN)
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LOAD REGULATION
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MAX77839

5.5V Input, 4.4A/3.6A Switching Current 6pA Ig

Typical Operating Characteristics (continued)
(VIN = 3.8V, Vour = 3.3V, L = 1uH (Coilcraft XAL4020-102ME), Skip Mode, I jm_Lx = 4.4A, Ta = +25°C, unless otherwise noted.)

LINE REGULATION
3.3V OUTPUT
340 loc10
238 |u=44A |
336 loyt = 600mMA
S 3 lour = 1A
o lour = 2A
Q 332
3 33 ———
o .
> e
5 328 —
= //
3 32
324
322
320
15 25 35 45 55
SUPPLY VOLTAGE (V)
ENABLE SHUTDOWN WAVEFORM
3.3VOUTPUT
toc1
| E——
-
V, EN=0 1Vidiv
EN »

Vour »| -—g

POK s V=38V
lour = 0A
1ms/div
LINE TRANSIENT RESPONSE
2.3V OUTPUT
toc1
loyr = 1A
37V
l\m
v 32V | |
N sy o)
Vour A
\
SLEW RATE = 100mV/us
50ps/div

www.maximintegrated.com
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LINE REGULATION
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N
— ————
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15 25 35 45 55
SUPPLY VOLTAGE (V)
LOAD TRANSIENT RESPONSE
3.8V OUTPUT ,
o
Vi =36V

SLEW RATE = 0.2A/us

50mV/div

250mA/div

100ps/div

BOOST TO BUCK
LINE TRANSIENT RESPONSE

toe17

lout = 350mA
Vour =33V

3.4V
e Y

29v | 500mV/div

M S0mVv/div

SLEW RATE = 100mV/us

50ps/div

Buck-Boost Converter

ENABLE STARTUP WAVEFORM

3.3V OUTPUT
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‘ ’\ 1Vidiv
V rr—
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Vour » | 2Vidiv
Vix - . 5Vidiv
ﬁ( M Viy=38V — O V/dIV
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1o«
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Vour = e 500mV/div
| 4 Y
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e —— T
| } | i 1Aidiv
out 0 S
14
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MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

Typical Operating Characteristics (continued)
(ViN = 3.8V, Vout = 3.3V, L = 1uH (Coilcraft XAL4020-102ME), Skip Mode, I jm | x = 4.4A, Ta = +25°C, unless otherwise noted.)

OUTPUT RIPPLE IN SKIP MODE OUTPUT RIPPLE IN PWM
SWITCHING WAVEFORM 3.3V OUTPUT (lgyr = 100mA) 3.3V OUTPUT (lgyr = 1A)
3.3V OUTPUT foc oc21
— ot loyr = 100mA lour = 1A
ey Cour = 474F (0603) Cour = 474F (0603)
Vix 2Vidiv
) N \ I Vour \/\/\/\/\/\/\/\/\/‘\/ 50mVidiv Vour Hempimpummarmipumrfmeipartpuresprmstpeisnesd 20mViciv
Fow = 22MHz
500ns/div
10ps/div 500ns/div
SHORT-CIRCUIT RESPONSE
3.3V OUTPUT (I, = 4.4A) MAXIMUM OUTPUT CURRENT vs. MAXIMUM OUTPUT CURRENT vs.
’ e w22 SUPPLY VOLTAGE SUPPLY VOLTAGE
40 1oc23 45 1oc24
mwmsenan  SHORT APPLIED Iy = 3.6A =448
40
Vour 1idiv 85 Vo230 /" — v Vour =2 W
» 30 OUT = 2. . 35 s Z
< / Vorr=33y / z / Vour =3.3V/
zZ 25 z / /
g / E 25
L 3 20 / 3 4 / / Vour =5V
2ms 5 45 Vour =5V 5 “ //
o, N E 15 /
P RN g BT
Iix 2Aidiv 05 05
- 00 00
so0uslc 16 26 36 46 56 16 26 36 46 56
Hslv SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
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MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

Pin Configurations

WLP
TOP VIEW
(BUMP SIDE DOWN)
MAX77839
1 2 3 4 5
A
B
c
15-BUMP WLP, 0.4mm PITCH
FC2QFN
TOP VIEW
(LEAD SIDE DOWN)
MAX77839
A . E\BIASIE
Xt ! GPIO
PGND SEL
LX2 o~==m=- i :':AGND
T oy o]
,-9.U.T._ PENG O N
11-LEAD FC2QFN, 0.5mm PITCH
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MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

Pin Description

PIN
NAME FUNCTION TYPE
WLP FC2QFN
A5, B5 1 IN Buck-Boost Input. Bypass to PGND with two 16V 10uF X7R Analog
ceramic capacitors.
c5 10 BIAS Interna.ﬂ Bias S}Jpply. Bypass to A.GN'D with a 10V 2.2uF X7R Power Output
ceramic capacitor. Do not load this pin externally.
A4, B4 1 LX1 Input-Side Buck-Boost Switching Node Power
GPIO pin.
For A, C options, forced-PWM mode digital input. Apply high for Diaital Inout/
C4 9 GPIO FPWM mode, apply low for auto skip mode operation. gOutpu‘t)

For B, D options, POK open drain output. Pull up with 15kQ
resistor to 1O voltage.

A3, B3 2 PGND Power Ground Ground

Output Voltage Selection Input. Connect a resistor between this
pin and ground to configure the output voltage. Consult Qutput

c3 8 SEL Voltage Configuration for a table of recommended resistors and Analog
corresponding output voltages.

A2, B2 3 LX2 Output-Side Buck-Boost Switching Node Power
Cc2 7 AGND Analog Ground Ground
A1 4 ouT Buck-Boost Fower Qutput. Bypass to PGND with two 16V X7R Power

10uF ceramic capacitors.
B1 5 EN Buck-Boost Enable Input Digital Input
C1 6 ouTS Buck-Boost Output Voltage Sense Input. Connect to the output at Analog

the point-of-load.
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MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig

Buck-Boost Converter

Functional Diagrams

Functional Block Diagram

LX1 LX2
[—Dﬁ 0 out
cs2 %
} { ACTIVE
SOFT-START DISCHARGE PGND
IN ouT %
LoGIC ouTs
BIAS CONTROL
EN
SLOPE
GPIO COMPENSATION HsCs12
1 OPTAC
’ ovP
OPTB,D REF
OPTBD A CS1ies2 TARGET | gL
} REF <—— OUTPUT
SELECTOR
MAX77839
AGND
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MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

Detailed Description

The MAX77839 is a simple, high-efficiency buck-boost regulator with a wide input voltage range for single cell Li-ion
batteries, two cell AA batteries, LiSOCI2 batteries, or any battery chemistry with a 1.8V discharge voltage. The converter
seamlessly transitions between buck and boost modes of operation. It includes two GPIO options for FPWM enable
(options A and C) or POK open drain output (options B and D). The MAX77839 is also equipped with active output
discharge, selection of two different inductor peak current limits, and various protections to ensure robustness in harsh
operating conditions. The IC is available in WLP and FC2QFN packages.

Startup and Shutdown

Startup

When the EN pin is set to high, the IC turns on the internal bias circuitry which takes typically 100us (ton_pLY) to settle.
After the internal bias circuitry is settled, the controller senses the SEL pin resistance to set the reference voltage. The
RsgL reading takes about 450us (trsgL)- After the IC reads the Rgg| value, it begins the soft-start process.

To limit the inrush current during soft-start, the MAX77839 reduces the switching current limit level to about half of the
normal level. Soft-start time ends when the output voltage reaches the target regulation point, increasing the switching
current limit level to the normal level. After an additional 100us of transition time, the MAX77839 switches over to normal
switching control (Skip mode). Note that the part switches in FPWM for the entire duration of tgs.

The MAX77839 is equipped with a soft-start time out timer (tgg = 4ms (typ)), and if the output voltage does not reach the
target regulation point (90% of VTarRGET), then the MAX77839 latches off and does not start up until EN or V) is cycled.

EN

Vout

DLY_ON tRSEL

{

I

lum_ss

""" rﬂlﬂﬂlﬂﬂl

S

Figure 1. Startup Waveform
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MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

Immediate Shutdown Conditions

The converter stops switching whenever the MAX77839 is disabled by EN control or is latched off by protections. After
the converter stops switching, the MAX77839 turns on the active discharge switch between OUT and PGND to quickly
discharge the output capacitor.

There are also several conditions that cause latch off, regardless of EN state:

Thermal shutdown (TsHDN)

Soft-start timeout (Tgs)

Continuous I |\ events for about 2ms (typ)
Undervoltage Lockout (UVLO)

The events in this category shutdown the output. The converter can start up again once fault conditions are removed
from the system and VIN or EN is toggled.

Protections

Thermal Shutdown

The device has an internal thermal-protection circuit which monitors die temperature. The buck-boost disables if the
die temperature exceeds Tgypn (+150°C typ). The buck-boost enables again after the die temperature cools by
approximately +15°C.

Undervoltage Lockout

The device supports a UVLO feature that prevents operation in abnormal input voltage conditions when V) falls below
the VyvLO_Falling threshold. Regardless of the EN pin status, the device disables until the input voltage V) rises above
the VyvLo_Rising threshold.

Overcurrent Protection

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

The IC provides two different cycle-by-cycle current limit levels (3.6A (typ) and 4.4A (typ)) for the high-side MOSFET. If
the switching current (I ) hits current limit for about 2ms, the IC shuts off the output.
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MAX77839 5.5V Input, 4.4A/3.6A Switching Current 6pA Ig
Buck-Boost Converter

SHORT

/ CIRCUIT

Vout

ILIm

Figure 2. Short-Circuit Waveform

Overvoltage Protection

The IC detects the voltage difference between OUT and OUTS, and if the voltage difference (OUT - OUTS) exceeds the
OVP threshold voltage level (0.5V typ), then the device turns off all switches. This prevents OUTS = OPEN conditions
from overdriving the output beyond safe operating ranges. Additionally, the device shuts off whenever OUTS detects a
voltage over 20% of the target output value (10% when OUT target set above 5V).

Control Scheme

The MAX77839 utilizes a four-switch H-bridge architecture to realize both buck and boost operating modes. It regulates
the output voltage to a target value at any valid input voltage and provides great response to both line and load transient
events. Fast switching frequency and a unique control algorithm allow for small external components, low output noise,
and high-efficiency across the entire operating range.

The buck-boost converter operates using 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),
input low-side FET (LS1), output high-side FET (HS2), and output low-side FET (HS2). 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

di %
determined by the input voltage and the inductance: d—tL = %
e Phase 2 (®2): HS1 and HS2 switch on to either charge or discharge the inductor, depending on the difference
between the input and output voltage. In boost mode, VoyT > V|N and the inductor current ramps down. In buck

di. _ Vin~Vour

dt L
e Phase 3 ($3): LS1 and HS2 switch on to discharge the inductor by ramping down inductor current at a rate determined

dl -V,
by the output voltage and the inductance: d—tL = ?UT

e Phase 4 (®4): LS1 and LS2 switch on to disconnect the inductor from output and input voltages

mode, V|N > VouT and the inductor current ramps up:

Soft-start utilizes ®1 and ®3 to ramp the output voltage up.
Boost mode (VIN < VOUT) utilizes ®1 and ®2 within a single clock period. See Figure 3 for a graphical representation.
Buck mode (VIN > VOUT) utilizes ®2 and ®3 within a single clock period. See Figure 3 for a graphical representation.
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Skip mode is initiated by consequent zero crossings of high side (HS2) switching current. In skip mode, device switching
is controlled by output voltage. The converter increases the target regulation point to VOUT_SKIP_H (about 3%
higher than regulation target), and continues switching to ramp up the output voltage until the output voltage reaches
VOUT_SKIP_H. When the output voltage reaches VOUT_SKIP_H, ®4 discharges the inductor current until output
voltage drops to VOUT_SKIP_L (about 1% higher than regulation target) level. This cycle continues until the output
voltage does not reach the target level for six switching cycles.

TOPOLOGY

2

BUCK-BOOST H-BRIDGE

CHARGE/DISCHARGE L

HS2

out

T
““?

DISCHARGE L

1
CHARGE L

BUCK OPERATION
2 2
»3 »3
——— Tosw ———>—— Towy ——»
CLK CLK CLK
BOOST OPERATION
1 D2 1 D2
—— Tow ———>—— Tow ——»
CLK CLK CLK

Figure 3. Buck-Boost H-Bridge Topology

Output Voltage Configuration

Set the output voltage by connecting a resistor (Rgg| ) to the SEL pin of the MAX77839. The device uses this resistance
to calculate the target output voltage. Choose a resistor with 1% tolerance or better. Table 1 lists recommended values
for Rgg| to achieve different output voltages.

Table 1. RggL Selection Table

Vour (V) RsEeL (kQ)
3.3 Short (0Q)
2.3 4.99
2.4 5.90
25 7.15
2.6 8.45
2.7 10.0

www.maximintegrated.com
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Table 1. RggL Selection Table (continued)

Vour (V) RseL (kQ)
2.8 11.8
29 14.0
3.0 16.9
3.1 20.0
3.2 23.7
34 28.0
35 34.0
3.6 40.2
3.7 47.5
3.8 56.2
3.9 66.5
4.0 80.6
41 95.3
42 113
43 133
4.4 162
4.5 191
46 226
4.7 267
4.8 324
4.9 383
5.0 452
5.1 536
5.2 634
5.3 768
2.85 909 or Open

Output Active Discharge

The buck-boost provides an internal 100Q switch for the output active discharge function. The internal switch provides
a path to discharge the energy stored in the output capacitor to PGND whenever the regulator is disabled by EN or any
protections. While the regulator remains enabled, the internal switch is disconnected from the output.

GPIO Pin

The MAX77839 includes two GPIO options which can be either a digital input pin for FPWM enable or an open drain
output for POK signal. When FPWM is enabled, the converter operates in PWM mode regardless of load. When FPWM
is disabled, the converter operates in auto skip mode and utilizes skip mode when it detects a zero crossing in switching
current to reduce switching losses. Applications that require low output ripple and stiff transients at all conditions should
consider the FPWM option. When the POK output pin is chosen as the GPIO option, the open drain output pin turns LOW
if the output reaches within £10% of the target voltage. Applications that require a POK signal for controlling the power-up
sequence should consider the POK option.
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Applications Information

Input Capacitor Selection

Bypass IN with a 10V, X7R, 10uF nominal input capacitor (CyN). Larger values improve decoupling of the buck-boost
regulator and filter the switching noise for the system. The maximum ripple current rating of the input capacitor needs to
be higher than the maximum peak switching current in buck mode, otherwise, multiple capacitors need to be used.

Output Capacitor Selection

The minimum effective capacitance of 4.7uF for the output capacitor is required for small output ripple and ensuring
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. The rated ripple current needs
to be higher than the peak boost mode switching current, otherwise, multiple output capacitors need to be used.

A 10V, 22uF ceramic capacitor is recommended for most applications. Ceramic capacitors with X7R dielectrics are highly
recommended for better effective capacitance, capacitance tolerance over bias voltage and temperature variations.

Inductor Selection

The MAX77839's current sensing circuit and compensation loop is optimized for 1uH inductance. Choose an inductor
with a saturation current that is greater than or equal to the maximum peak current limit setting (I 1), and an RMS current
rating based off the expected continuous peak inductor current at given max load current. Lower DCR increases buck-
boost efficiency. Recall that there are two different I\ options for the MAX77839. Table 2 lists recommended inductors
for each I\ option. Note that this table was generated in 2019, and as inductor technology improves rapidly, may not
be the most up-to-date at the time of reading.

Table 2. Recommended Inductors

INDUC- Rgscis- SATURATION RMEO%UEJEENT DIMENSIONS
MANUFACTURER PART NUMBER T?NNH(;E TANCE | CURRENT (A) | TEMPERATURE | “ )(( n\:vm); H | OPTION
(mQ) RISE (A)
SAMSUNG CIGT252010EH1ROMNE | 1.0 26 4.7 4.1 25%x2.0x1.0 B
Cyntec HTEK20161T-1ROMSR 1.0 35 4.2 4.1 2.0x1.6x1.0 B
Coilcraft XEL4020-102ME 1.0 13.25 9.0 9.6 4.0x4.0x2.1 A

www.maximintegrated.com
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PCB Layout Guidelines

Careful circuit board layout is critical to achieve low switching power losses and clean, stable operation. For the WLP
package, a high density interconnect (HDI) PCB is not required. Figure 4 shows an example non-HDI PCB layout for the
MAX77839 WLP package.

When designing the PCB, follow these guidelines:

1.

N

Place the input capacitors Cjy and output capacitors CoyT immediately next to the IN pin and OUT pin, respectively,
of the IC. The trace between the capacitors' ground pin to the IC PGND pin needs to be routed through the component
mounting layer to minimize trace parasitics. Additionally, the trace for these connections needs to 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.

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
further reduce trace impedance. Furthermore, do not allow LX traces to take up an excessive amount of area. The
voltage on this node switches very quickly and additional area creates more radiated emissions.

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

AGND must carefully connect to PGND on the PCBs 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.

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

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.
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_____ -
l— LEGEND

0805 (2012)

COMPONENT SIZES LISTED IN
IMPERIAL (METRIC)

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

Figure 4. PCB Layout Example (WLP)
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Typical Application Circuits

Typical Application Circuit

L
1uH
1.8V 0 5.5V LX1 LX2
DC SOURCE Vo
cviey | out T T a3
XTR MAX77839 I 10V X7R
L0805 ouTS 0808
- 4R

ENABLE —»— EN GPIO |—a——— FPWM ENABLE

Caias 10V BIAS SEL

xR L

0402 Rsel*

220 AGND PGND =

N ; —L- *CHOOSE RszL VALUE BASED ON Vour, SEE TABLE 1
Figure 5. Options A & C
L
1uH
1.8V 10 5.5V LX1 LX2
DC SOURCE v
IN ouT > out
’ Cin 16V DA 2.3V-5.3V
TR MAX77839 1vxR Vo
_L 0805 ouTS 0805
- ToF = 47yF
ENABLE —»—— EN GPIO »— POK
Cains 10V BIAS SEL
xR L
0402 Rse*
200F I_ AGND PGND
\ ; —L- *CHOOSE RsEL VALUE BASED ON VouT, SEE TABLE 1

Figure 6. Options B & D
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Buck-Boost Converter

PART NUMBER ILim OPTION (A) GPIO FUNCTION PIN-PACKAGE

MAX77839AEWL+T 15 WLP
FPWM

MAX77839AEFQ+T* 4d 11 FC2QFN

MAX77839BEWL+T ' POK 15 WLP

MAX77839BEFQ+T* 11 FC2QFN

MAX77839CEWL+T 15 WLP
FPWM

MAX77839CEFQ+T* 3.6 11 FC2QFN

MAX77839DEWL+T ' POK 15 WLP

MAX77839DEFQ+T* 11 FC2QFN

+Denotes a lead(Pb)-free/RoHS-compliant package.

T = Tape and reel.

*Future product—contact factory for availability

www.maximintegrated.com
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