ANALOG
DEVICES

Click here to ask an associate for production status of specific part numbers.

5.5V Input, 0.4A/1.05A Switching Current

Buck-Boost Converter with 400nA 1Q

General Description

The MAX77837 is the industry's smallest nanoPower
buck-boost converter optimized for single-cell battery
chemistries that are used in wearable and Internet of
Things (IoT) applications.

The converter operates on an input supply between 1.8V
to 5.5V. Output voltages between 1.8V to 5.2V are set
through resistors connected to two hardware control pins.
The IC can operate in Continuous Conduction Mode
(CCM), Skip Mode, and a Low-Power Mode to ensure high
efficiency over a wide load current range. In addition, the
IC features an ultra-low quiescent current of 430nA
(typical) and a shutdown current of 10nA (typical), making
it ideal for battery-powered applications requiring a long
standby time.

The MAX77837 offers two unique hardware control pins,
SEL1 and SEL2. The resistor connected at SEL1 (Rgg1)
selects a predefined combination of two output voltages
between 1.8V to 5.2V, OUT1 and OUT2. The resistor
connected at SEL2 (RggpL2) allows two different
configurations of switch current limit at 1050mA and
400mA to optimize external component size, enable or
disable Dynamic Voltage Scaling (DVS) function, and
select either hiccup or latch-off mode during a hard short
event. RggL2 can also configure the startup voltage as
OUT1 or OUT2, and the DVS function can change the
output voltage from a lower VoyT to a higher VoyT as
required without powering down the part.

The MAX77837 is available in both a 1.84mm x 1.03mm,
8-bump wafer-level package (WLP) with a bump pitch of
0.4mm and a 2.5mm x 2.0mm, 8-lead Flip Chip QFN
package (FC2QFN).

Simplified Application Circuit

MAX77837

Benefits and Features

1.8V to 5.5V Input Voltage

Output Voltages Combination from 1.8V to 5.2V
Peak Efficiency of 95% (5.5V|N, 3.8VouT)
430nA Typical Quiescent current

10nA Shutdown Current

RsgL Configurations

+ OUT1 and OUT2

* 1.05A or 0.4A Switch Current Limit

« DVS Function On or Off

+ Hiccup or Latch-Off Mode

Protections Features

* Input Undervoltage Lockout (UVLO)
» Overcurrent protection (OCP)

* Thermal Shutdown

1.84mm x 1.03mm, 8-Bump WLP
2.5mm x 2.0mm, 8-Lead FC2QFN

Applications

LPWAN SoC Companion Power Solution
loT and Wearable Applications

Asset Trackers

Smart Meters

Ordering Information appears at end of the data sheet
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MAXT77837 5.5V Input, 0.4A/1.05A Switching Current Buck-
Boost Converter with 400nA 1Q
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MAX77837 5.5V Input, 0.4A/1.05A Switching Current Buck-
Boost Converter with 400nA 1Q

Absolute Maximum Ratings

IN, OUT, LX1, LX2, EN, SEL1, SEL2 to GND....-0.3V to +6.0V Junction Temperature ..........ccccoevviiieeeeennnns -40°C to +150°C
Continuous Power Dissipation for WLP package (Ta = +70°C Storage Temperature...........cc..ccoeveiniiennnnn, -65°C to +150°C
(Derate 13.55mW/°C above +70°C) (NOte 1)) ............ 1084mwW Soldering Temperature (reﬂOW) .................................... +260°C

Note 1: Package thermal measurements 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

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 TYPICAL RANGE
Input Voltage Range VIN 1.8V to 5.5V
Switch Current Limit ILim OmA to 1050mA
Operating Junction Temperature ty -40°C to +125°C

Package Information

WLP
Package Code W81E1+1
Outline Number 21-100574
Land Pattern Number Refer to Application Note 1891

Thermal Resistance, Four-Layer Board
Junction-to-Ambient (6) 73.8°C/W

www.analog.com Analog Devices | 5
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MAX77837 5.5V Input, 0.4A/1.05A Switching Current Buck-
Boost Converter with 400nA 1Q

COMMON DIMENSIONS
Pin 1 E Markin
. g see Note 7 A 0.64 +0.05
Indicator ~
| N Al| 019 +0.03
AlF / f a2 | 0.45 REF
AAAA D A3 | 0.04 BASIC
| o | ©0.27 +0.03
o | 0.998 +0.025
TOP VIEW SIDE VIEW E | 1808 +0.025
A3 ol | 0.40 BASIC
El 1.20 BASIC
I i Al e | 0.40 BASIC
A Az | ‘ l> 0 | 0.20 BASIC
| J U SE 0.20 BASIC i
I FRONT VIEW f [005] s BE)PI\?EPULATED BUMPS:

|- SE NOTES:
1. Terminal pitch is defined by terminal center to center value.
——{ e r=— 2. Outer dimension is defined by center lines between scribe lines.
E g r SD * 3. All dimensions in milimeter.
B|- éa @‘é ) 4, Marking shown is for package orientation reference only.
o N D1 5. Tolerance is + 0.02 unless specified otherwise.
A O O O Jar eI B 6. All dimensions apply to PbFree (+) package codes only.
SA * 7. Front - side finish can be either Black or Clear.
1 3 4 ®b
A #0050
.—<A
BOTIOM VIEW "™ PACKAGE OUTLINE 8 BUMPS
WLP PKG. 0.4 mm PITCH, W81E1+1
. . . APPROVAL DOCUMENT CONTROL NO. REV. 1
- DRAWING NOT TO SCALE - 21-100574 AL/

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

For the latest package outline information and land patterns (footprints), go to http://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.

Electrical Characteristics

(VIN = #3.6V, VouT = +3.3V. Typical values are at Tj = Tp = +25°C. Limits are 100% tested at Tj = +25°C. Limits over the operating
temperature range (T =-40°C to +125°C) and relevant voltage range are guaranteed by design and characterization, unless otherwise
noted.)

PARAMETER ‘ SYMBOL ’ CONDITIONS MIN TYP MAX UNITS
INPUT SUPPLY
Operating Voltage Range VIN 1.8 5.5 \Y
L”&“&Pdemltage VuvLo R | VINTising 17 175 18 v
UVLO Hysteresis VuvLo_HYs | VUVLO_R-VUVLO_F 60 mV
Shutdown Supply Current ISHDN VEN =0V, Ty = +25°C 10 100 nA
Input Quiescent Current lq VEN = VN, no switching, Tj = +25°C 430 930 nA
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MAX77837

5.5V Input, 0.4A/1.05A Switching Current Buck-

Boost Converter with 400nA 1Q

(VIN = +3.6V, VoyTt = +3.3V. Typical values are at Tj = Tp = +25°C. Limits are 100% tested at Tj = +25°C. Limits over the operating
temperature range (T = -40°C to +125°C) and relevant voltage range are guaranteed by design and characterization, unless otherwise

noted.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

OUTPUT VOLTAGE

Output Voltage Range Vout 1.8 5.2 Y
In CCM, T = -40°C to +125°C 2 +2

Output Voltage Accuracy VouT_Acc Skip mode at Ty = +25°C 10 10 %

EN LOGIC LEVEL

Input LOW Level ViL 0.4 Y

Input HIGH Level VIH 1.2 v

THERMAL PROTECTION

Thermal Shutdown TSHDN R T, rising (Note 3) 165 o

Threshold -

Thermal Shutdown TSHDN_HYS | TSHDN_R - TSHDN_F (Note 3) 20 °C

Hysteresis - - -

BUCK-BOOST REGULATOR

Startup Delay Time toLy_gn | Sy fom g adge of EN signalto sart of 16 s

SEL2 Logic Input t Minimum time SEL2 pin must be High/Low for

Debounce Time SEL2 DEB | vy to respond 40 50 60 Hs

Soft Start Slew Rate AVoyr/At 2 Vims
VIN =18V 3.6V Low I setting 200

Soft Start Switch Current | sS (Note 3) A

Limit LIM_ VIN=23VISSY | g 525 m
(Note 3)

High Side Switch Current LM ViN=18Vto3.6V | Lowly setting 300 400 500 A

Limit VN = 2.3V to 5.5V High I\ setting 900 1050 1200

High Side Switch On RDSON_HS | lLx = +180mA 150 mQ

Resistance -

Low.side Switch On RDSON LS | ILx = -180mA 150 m0

Resistance -

Line Regulation AVNout | VIN=1.8V t0 5.5V, loyT = 300mA -1.1 +1.1 %
VIN=3.6V,V =3.3V, | = 35mAto

Load Regulation AVNout Mlglx Load ouT out -1.5 %

Output Active Discharge RpiscHG | VEN<VILorVIN<VyvLo F 100 0

Resistance -

Minimum Effective Output CEFF(Min) 29 uF

Capacitance

Note 2: Guaranteed by design. Not production tested.
Note 3: Characterized by ATE or bench test, not production tested.

www.analog.com
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MAX77837

5.5V Input, 0.4A/1.05A Switching Current Buck-

Typical Operating Characteristics
(VN =3.6V, VoyT =3.3V, L =2.2uH (CIGT2016 10EH2R2MN), CoyTt = 22F, I = 1050mA, T = +25°C unless otherwise noted.
Note 4: Measurement limited by switching current limit. Actual maximum output current depends on system thermal performance.)
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Boost Converter with 400nA 1Q
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MAX77837

5.5V Input, 0.4A/1.05A Switching Current Buck-

Boost Converter with 400nA 1Q

(VN =3.6V, VoyTt = 3.3V, L =2.2uH (CIGT2016 10EH2R2MN), CoyT = 22F, Iy = 1050mA, T = +25°C unless otherwise noted.
Note 4: Measurement limited by switching current limit. Actual maximum output current depends on system thermal performance.)

LINE TRANSIENT RESPONSE

LINE TRANSIENT RESPONSE
(3.3V OUTPUT) osto (3.3V OUTPUT) oot
lout = OmA lout = 100mA
Vour 20mVidiv Vour [N TTIOTpRpR o 20mvidiv
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29V 2.9V
Vin R 700mV/div Viy S ——— 700mV/div
SLEW RATE = 70mV/ps SLEW RATE = 70mV/us
200ps/div 200ps/div
LOAD TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE
(3.3V OUTPUT) oot (3.3V OUTPUT) octe
Vi =3.0V V=36V
Vour o |0omvis g b ————] 100mv/d
e WY o gmiehy n e! ‘/.-—-—---—m»-n-n--«-«—-
300mA 300mA
0mA 0mA
lout W ———| 150mA/d lour —"—— —————— 150mA/d
SLEW RATE = 1.5A/ps SLEW RATE = 1.5A/ps
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SHUTDOWN CURRENT oets QUIESCENT CURRENT t0ol?
300 25 T
Ta=+85°C Ve = OV Ta=+85°C Ven=Vin
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250 A
/ 20 IPr,= 400
200 /
. 15
z 2
< 150 = _/
E; wlh——
100 L
———
——
_— 05
50
0 0.0
1.5 25 35 45 55 15 25 35 45 55
Vin(V) Vin(v)

www.analog.com

LINE TRANSIENT RESPONSE
(3.8V OUTPUT) toc12
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MAX77837

5.5V Input, 0.4A/1.05A Switching Current Buck-
Boost Converter with 400nA 1Q

(VN =3.6V, VoyTt = 3.3V, L =2.2uH (CIGT2016 10EH2R2MN), CoyT = 22F, Iy = 1050mA, T = +25°C unless otherwise noted.
Note 4: Measurement limited by switching current limit. Actual maximum output current depends on system thermal performance.)

DYNAMIC VOLTAGE SCALING
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MAXT77837 5.5V Input, 0.4A/1.05A Switching Current Buck-

Boost Converter with 400nA 1Q

(VN =3.6V, VoyTt = 3.3V, L =2.2uH (CIGT2016 10EH2R2MN), CoyT = 22F, Iy = 1050mA, T = +25°C unless otherwise noted.
Note 4: Measurement limited by switching current limit. Actual maximum output current depends on system thermal performance.)

MAXIMUM OUTPUT CURRENT MAXIMUM OUTPUT CURRENT MAXIMUM OUTPUT CURRENT
(2.8V OUTPUT) ez (3.3V OUTPUT) 20 (5.0V OUTPUT) toc30
1200 1200 800 ‘
ILm = 400mA (NOTE 4) I = 400mA (NOTE 4) ILm = 400mA (NOTE 4)
1000 | = 1050mA vogo. 1w = 1050mA 700 | = 1050mA /A\
800 /\ 800 / o0 \
— 500
< =z =
£ 60 £ 600 £ 40
3 3 3 20
400 400 /
—_— / — | 200
200 200
N 100
I\ —
0 0 0
15 25 35 45 55 15 25 35 45 55 15 25 35 45 55
Vin(V) Vin(V) Vin(V)
Pin Configurations
8 WLP
TOP VIEW
(BUMP SIDE DOWN) MAX77837
1 2 3 4
+__ - — -
i \\ 1/ \\ l/ EN \\ 1/ \\
A \\SEL1// \\SELZ// \\ // \\OUT//
777N 2 AN AN
B l\ N VO xt ) ‘\GND‘ I )
8-BUMP WLP
(1.84mm x 1.03mm x 0.4mm) PITCH

Pin Descriptions

PIN NAME FUNCTION TYPE
Configuration Selection. Connect a resistor between SEL1 and

Al SEL1 GND. See Table 1 for resistor values and configurations. Analog
Configuration Selection. Connect a resistor between SEL2 and

A2 SEL2 GND. See Table 2 for resistor values and configurations. Analog

A3 EN Active-High Buck-Boost Enable Input. Digital

A4 ouT Buck-Boost Output. Bypass to GND with 10V 22uF ceramic capacitor. Power

B1 IN Buck-Boost Input. Bypass to GND with 10V 10uF ceramic capacitor. Power

B2 LX1 Buck-Boost Switching Node 1. Power

B3 GND Ground Pin. Use this pin as both the power and analog ground. Ground

B4 LX2 Buck-Boost Switching Node 2. Power

www.analog.com
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Functional Block Diagram

5.5V Input, 0.4A/1.05A Switching Current Buck-

Boost Converter with 400nA 1Q
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MAXT77837 5.5V Input, 0.4A/1.05A Switching Current Buck-
Boost Converter with 400nA 1Q

Detailed Description

General Description

The MAX77837 is a nano power buck-boost with ultra-low quiescent current (430nA typical) and high efficiency with an
input range of 1.8V to 5.5V. The IC is ideal for either Li-ion/Li-Poly or double alkaline battery-powered applications which
require long standby/idling time with short working time, such as asset tracking devices or door-lock devices. The IC
operates in Low-Power Mode (LPM), Skip Mode, or CCM mode, depending on operating conditions to optimize the
efficiency.

Use the resistor between the SEL1 pin and GND (RseL1) to select two output voltage levels (OUT1 and OUT2) within a
range of 1.8V to 5.2V. The IC can start up into either OUT1 or OUT2 by changing the value of the resistor at SEL2.

Use the resistor between the SEL2 pin and GND (RsgL2) to set the following:

e Switch current limit (1050mA and 400mA)
e Hiccup or Latch Off Mode

e DVS Function (On/Off)

e Startup Voltage (OUT1 or OUT2).

See the SEL Pin Configuration section for more information. Use the SEL2 pin changes into a logic input pin for the
Dynamic Voltage Scaling (DVS) function after soft-start, and the DVS function to change the output voltage from the
startup voltage (OUT1) to OUT2 without powering down the part (DVS function is disabled when the startup voltage is
OUT2). The DVS function can only ramp up the output voltage. When a DVS is applied to bring VouT down, the part stops
switching, waits for the output voltage to reach the lower target value (due to load or leakage) and starts operating after
it reaches the target. See the Dynamic Voltage Scaling (DVS) section for more information.

The MAX77837 is equipped with a thermal shutdown and cycle-by-cycle switch current limit to protect the system and the
device.

Start-Up
A MCU GPIO CONNECTED DVS FUNCTION
TO SEL2 INHIGH-Z STATE ‘| AVAILABLE _
- Vl‘ »
I
I
VIN : >
|
I
I
EN I | |
I I |
I I I
I I I
Vourt >

toLy EN=16ms|  tss=2Vims |
(TYPICAL) RAMP (TYPICAL)

Figure 1. Startup Behavior

See Figure 1 for The start-up behavior. When EN goes logic HIGH and V|N > VyyLo R, IC starts up by turning on the
bias circuits, after which the resistance value at the two SEL pins is read sequentially. The IC typically takes 1.6ms (Start-
up delay time) after the rising edge of the EN signal to start the soft-start process.

During soft-start, output voltage ramps with a slew rate of 2V/ms (typical). The IC limits the switch current limit during soft-
start to 50% of the set value. When the output voltage reaches the target value, the soft-start is complete, and the switch
current limit level is increased to the normal level. The soft-start function helps prevent the IC from drawing too much
current from the system during startup.
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MAXT77837 5.5V Input, 0.4A/1.05A Switching Current Buck-
Boost Converter with 400nA 1Q

If the IC sees output voltage below the output short protection threshold level of 1V (typical), for 4ms (typical) after the
rising edge of enable signal and startup delay time, then the output of the regulator is disabled and depending on the
protection mode selection, the device either latches off or auto-restarts the output. Recovering from latch-off requires
toggling the EN pin or the recycling power supply after removing the faulty condition.

Dynamic Voltage Scaling (DVS)

The MAX77837 allows the user to change the output voltage without powering the part down using the DVS function. The
DVS function can be enabled or disabled by selecting an appropriate resistor between SEL2 and GND.

The resistor between SEL1 and GND (Rgg| 1) is used to select a pair of output voltage levels (OUT1 and OUT2). See

Table 1 to select the appropriate resistors for the application. The startup voltage (OUT1 or OUT2) is set by selecting the
appropriate resistor between SEL2 and GND (Rgg| 2). If the startup voltage is selected as OUT2, the DVS function is

disabled. The IC regulates to OUT1 or OUT2 (according to the value of Rgg| o) after the soft-start.

After the soft-start is complete, the SEL2 pin turns into a logic input pin. If the SEL2 pin is pulled high, the IC changes the
regulated output voltage from OUT1 to OUT2. If the SEL2 pin is pulled LOW, the IC changes the regulated output voltage
from OUT2 to OUT1. See Table 1 and Table 2 to select the appropriate resistors for the application.

The DVS function ramps up the reference voltage at 2V/ms (typical) when the output voltage is changed from a lower to
a higher value, but when the output voltage is changed from a higher value to a lower value using the DVS function, there
is no slew down control, and the part resumes switching after the output voltage reaches the lower value (due to load or
leakage). See Figure 2 for more information.

The DVS function is activated only after soft-start is complete. Applying logic voltage to the SEL2 pin for DVS control
before soft-start is complete is not allowed. The MCU GPIO pin connected to SEL2 must be in a High-Z state before the
soft-start is complete.

A - Do
I I I I
Do P
I I I I
i i
I I
RsEL2 3 3
(DVS) Lo | | RCDISCHARGE
b 3.3V (0UT2) b
I I i
o L
1.8V (OUTY) | | Lo
Vour N u
- lout =0mA -
1 RsEL1=7.15kQ,RsEL2=909%kQ | !
4 L '
I I 1 I
I I 1 I
Lo b
I }
I I
RSEL2 ! L
(DVs) Do Do
b 3.3V (0UT2) Lo
o T RC DISCHARGE
I I I I
18V (OUTY) | 1 b <
Vour —> - —> -
tSEL2_DEB tSEL2_DEB
lout =100mA
RsEL1=7.15kQ, RsgL2 = 909kQ

Figure 2. Dynamic Voltage Scaling (DVS)
Buck-Boost Control Scheme

The buck-boost converter operates using adaptive on time current-mode control. The buck-boost utilizes an H-bridge
topology to regulate the output voltage using a single inductor and output capacitor.

The H-bridge topology has three switching phases. See Figure 2 for details.
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MAXT77837 5.5V Input, 0.4A/1.05A Switching Current Buck-
Boost Converter with 400nA 1Q

e ®1 Switch period (Phase 1: HS1 = ON, LS2 = ON) stores energy in the inductor. Inductor current ramps up at a rate
proportional to the input voltage divided by inductance: V|n/L.

e @2 Switch period (Phase 2: HS1 = ON, HS2 = ON) ramps inductor current up or down depending on the differential
voltage across the inductor: (V|N — VouT)/L.

o @3 Switch period (Phase 3: LS1 = ON, HS2 = ON) ramps inductor current down at a rate proportional to the output
voltage divided by inductance: (-VoyTt/L).
Boost operation (V|N < VouT) utilizes ®1 and ®2 within one cycle to bring the voltage within regulation. See the

representation of the inductor current waveform for boost mode operation in Figure 2.
Buck operation (VN > VouyrT) utilizes @2 and ®3 within one cycle to bring the voltage within regulation. See the
representation of the inductor current waveform for buck mode operation in Figure 2.

Three-phase operation (V| close to VoyT) utilizes ®1 till the inductor current reaches a certain level, ®2 is triggered for

pre-configured on time, and then @3 is triggered till the current reaches zero. Three-phase operation is utilized only in
Skip Mode. See the representation of the inductor current waveform for the three-phase mode operation in Figure 2.

BUCK OPERATION

IN ouT
Hs1 \ @2 HS
CHARGE/DISCHARGE L
o o
@3 o1
LS1 DISCHARGE L LS2\ | CHARGE L

Figure 3. Buck-Boost H-Bridge Topology

Low-Power Mode

The MAX77837 automatically enters a low-power mode (LPM) when the load current is very low to achieve high efficiency
at light loads. The error amplifier and other internal blocks are deactivated in this mode to lower I consumption. A low-

power voltage comparator is used to monitor the output voltage in LPM.

When the load current reduces and the switching frequency falls to fyy N (58kHz typical), the part switches at fy till the
output voltage reaches above 3% of the output voltage target. After the output voltage crosses this level, the part is in
LPM. In low-power mode, the IC generates an on-time of predetermined length when the output voltage reaches 3%
above the output voltage target. When the load is increased, the IC must switch at a higher frequency to service the load,
and when the switching frequency reaches fyN, the part switches at fyN till the output voltage falls to the target voltage.
The target voltage is set to 1% above the output voltage target if the part enters Skip Mode. See Figure 4 for more
information.

www.analog.com Analog Devices | 15



MAXT77837 5.5V Input, 0.4A/1.05A Switching Current Buck-

Boost Converter with 400nA 1Q

i LOW-POWER MODE i
N TN i‘ i fmiN fMIN
- ! |
************ s DT SR SR TR T - 103 % VoUT TARGET
Vour WWWWW\/\ > v oo
ILoAD ; ‘ >

Figure 4. Low-power Mode Operation

LOW-POWER MODE
(LPM)

fsw > fmin (58kHz) fsw < fmIN (58kHz)

SKIP MODE/ CCM

MODE

Figure 5. Low-power Mode to Skip/CCM Transition

Skip Mode and CCM Mode

When the load is high enough, and the switching frequency is higher than fmiN (58kHz typical), the part exits low-power
mode and enters Skip Mode. In the Skip mode of operation, an on-time of predetermined length is triggered when the
output voltage reaches 1% higher than the target value. During the Skip Mode of operation, the negative inductor current
is prevented by turning off the FETs after the inductor current crosses 0A.

At higher output load currents, when the inductor current does not have zero crossing, the part enters CCM Mode, which
operates using adaptive on-time control. The IC regulates to target voltage during the CCM mode of operation.

Shutdown Conditions

When the part enters Shutdown mode, the buck-boost regulator turns off. The IC has a few shutdown conditions to protect
itself and the system from fault and to allow the user to turn off the part when required. These conditions are listed below:

Enable: VEN < V|4 (1.2V typical value)

Input UVLO: VN < Input UVLO Threshold (1.75V typical value)

Thermal Shutdown: tj > Thermal Shutdown Rising Temperature (165°C typical value)

Overcurrent Protection: VoyT < Short-Circuit Protection Threshold Level (1V typical) after soft-start or High-Side
switching current > High-side switching current limit (I_jn) for 4ms (In Latch-Off Mode) or 2ms (In Auto-restart Mode)

the IC enters latch-off or Auto-restart mode depending on the resistor between SEL2 and GND. See the Switching
Current Limit section for more information.
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Thermal Shutdown

5.5V Input, 0.4A/1.05A Switching Current Buck-
Boost Converter with 400nA 1Q

THERMAL SHUTDOWN TRIGGERED

A ! i
***************** S
| |
4 | tSHON_F
T i i
BUCK-BOOST OPERATING OPERATING
REGULATOR

Figure 6. Thermal Shutdown Recovery
When junction temperature exceeds tsHpN_R (165°C typical value), thermal protection of the MAX77837 is triggered.

Then, the Buck-Boost converter output is disabled until the junction temperature drops below thermal protection falling
threshold level tsypN_F (145°C typical) after which the part starts up again, as shown in Figure 6.

Undervoltage Lockout
When V| falls below VyyLo F (1.7V typical), the buck-boost regulator is disabled, all registers are reset, and active
discharge is enabled. The IC is ready to restart only when the V) rises above VyyLo R (1.75V typical value).

Switching Current Limit

OUTPUT PART TURNS OUTPUT
DISABLED ~ , OFFAFTER ,  DISABLED |
FOR14ms | SOFT-START |  FOR f4ms !
I b E—
””””””””” (R AN
| | |
****************************************** | (—— (1] V=
WNWMWMWW\ |
I I
I
Il -y
] ] ] -
! ! !
I I I
[
! ] T -
-~ |
OCPSTATE
HICCUP OR AUTO-RESTART MODE
ams | LATCH OFF PARTTURNS  LATCH OFF
ms LM / ‘ OFFATRR \/
‘ ! SOFTSTART !
]
dmmmm e fmmms Ium
| |
‘ ‘
‘ ‘
-
‘ !
I
: ! >
EN TOGGLED !
‘ ‘
‘ ‘
‘
i
1 >
; | o
—————————————————————
NORMAL OCP STATE ‘ OCPSTATE |
OPERATION
LATCH-OFF MODE

Figure 7. Overcurrent Protection in Latch-off and Hiccup Mode
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MAXT77837 5.5V Input, 0.4A/1.05A Switching Current Buck-
Boost Converter with 400nA 1Q

The MAX77837 provides a cycle-by-cycle switch current limit to protect the IC and the system. The IC senses the peak
switch current of high side switches during the on time, and when the peak current reaches the I |\ threshold level, the
switches for the charging phase are turned off, and the switches used to discharge the inductor current are turned on for
the rest of the cycle. The IC supports two switching current limits 400mA (Lower Limit), and 1050mA (Higher Limit) which
can be set using Rgg| 2. For more information, see SEL Pin Confiquration.

After soft-start, when the IC is set to auto-restart mode using Rgg| 2, and the device sees I\ for 2ms (typical), the device
will disable the output for 14ms (typical) and re-start the output. With Rgg| 2 setting for Latch off, after soft-start, the IC
latches off after seeing an I\ continuously for 4ms (typical). When the IC is latched off, the EN signal needs to be
toggled or V|N voltage recycled to recover from the latch-off status. See Figure 7 for more information regarding
overcurrent protection.

Active Discharge
When the EN pin is set to LOW or V|N <VyyLo_F, the MAX77837 stops switching and turns on an internal switch of 100Q
that provides a path to discharge the energy stored in the output capacitor to GND.

SEL Pin Configuration

MAX77837 has two hardware configuration pins (SEL1 and SEL2) to configure the part's features. A resistor between
SEL1 and ground (RseL1) is used to select two output voltage levels (OUT1 and OUT2). A resistor between SEL2 and
ground (RseL2) is used to select the startup output voltage, switch current limit and protection mode, and enable/disable
the DVS function. See Table 1 for more information regarding the RsgL1 value selection. Table 2 lists RsgL2 values to

configure each of the previously mentioned settings. If the user requires OUT2 as the startup voltage,
the part can only be operated with DVS disabled and in Auto-Restart Mode.

When RseL2 enables DVS, the SEL2 pin is configured as logic control input for the DVS function after soft-start. When
SEL2 is pulled HIGH, the output voltage is switched from OUT1 to OUT2, and when SEL2 goes LOW, the output voltage
is switched from OUT2 to OUT1. The SEL2 pin should be in a High-Z state during and before the soft-start. The DVS
function can only ramp up the output voltage level. There is no slew-down control when the DVS function is used to
transition from a higher output voltage to a lower output voltage. The IC changes the reference voltage and waits till load
or leakage current brings the output voltage to the lower value, then starts operating normally. See the Dynamic
Voltage Setting section for more information.

Table 1. RseL1 Selection Table

RseL1 (kQ) OUT1 (V) OUT2 (V) RseL1 (kQ) OUT1 (V) OUT2 (V)
4.99 1.8 2.5 66.5 3.3 3.8
5.90 1.8 2.8 80.6 3.3 5.0
7.15 1.8 3.3 95.3 3.6 2.8
8.45 1.8 3.6 113 3.6 3.3
10.0 25 1.8 133 3.6 5.0
11.8 25 2.8 162 3.6 5.2
14.0 25 3.3 191 3.8 3.3
16.9 25 3.6 226 3.8 3.6
20.0 2.8 1.8 267 3.8 5.0
23.7 2.8 2.5 324 5.0 3.3
28.0 2.8 3.3 383 5.2 3.3
34.0 2.8 3.6 453 2.1 2.3
40.2 3.3 1.8 536 RESERVED RESERVED
475 3.3 2.5 634 RESERVED RESERVED
56.2 3.3 2.8 768 RESERVED RESERVED
Short 3.3 3.6 909/OPEN RESERVED RESERVED
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Table 2. RsgL2 Selection Table

RseL2 (kQ) DVS PROTECTION ILm (mA) STARTUP VOLTAGE
226 Disabled AutHo'_CFi:Za . 1050 ouT2
267 Hiccup/ 400 OouT2
324 Disabled Auto-Restart 1050 OUT1
383 | teh Off 400 OUT1
453 1050 OUT1
536 Hiccup/ 400 OouT1
634 Enablod Auto-Restart 1050 OUT1
768 | atch OF 400 OUT1
909 1050 OUT1

Applications Information

Inductor Selection

Select an inductor with a saturation current rating (IsaT) greater than or equal to the maximum high-side switching current
limit threshold (I 1) setting. In general, inductors with lower saturation current and higher DCR ratings are physically
small. Higher values of DCR reduce converter efficiency. Choose the RMS current rating (Irpms) of the inductor (the
current at which the temperature rises appreciably) based on the expected load current.

The chosen inductor value should ensure that the peak-inductor ripple current (Ipgak) is below the I setting so that
the converter can maintain regulation. A 2.2uH inductor is recommended throughout the operating range of the converter.
See Table 3 for recommended inductors.

Table 3. Inductor Recommendations

DIMENSIONS
NOMINAL TYPICAL IRMS
VENDOR PART NUMBER INDUCTOR (uH) | DCR (m@) | 'SAT () e L )((n\:\rln); H | lum(mA)
Samsung | CIGT201610EH2R2MNE 2.2 87 2.9 25 2x1.6x1 1050
Murata DFE21CCN2R2MELL 2.2 138 2.1 1.8 2x12x08 1050
Jf('j‘g MCHK1608T2R2MKN 22 237 18 12 [16x0.8x0.8 400

Input Capacitor Selection

For most applications, bypass IN pin with a 10V 10uF nominal ceramic input capacitor (CyN) that maintains 3.75uF or
higher effective capacitance at its working voltage. Effective C|y is the actual capacitance value seen from the converter
input during operation. Larger values improve decoupling for the converter but increase inrush current from the voltage
supply when connected. C|\ reduces the current peaks drawn from the input power source and reduces switching noise
in the system. The ESR/ESL of Cjy and its series PCB trace should be very low (i.e., < 15mQ + < 2nH) for frequencies
up to the converter's switching frequency.

When selecting C|N, pay special attention to the capacitor's voltage rating, initial tolerance, variation with temperature,
and DC bias characteristic. Ceramic capacitors with X7R dielectrics are highly recommended due to their small size, low
ESR, and small temperature coefficients. All ceramic capacitors derate with DC bias voltage (effective capacitance
decreases as DC bias increases). Generally, smaller case-size capacitors derate more heavily compared to larger case
sizes (0603 case size performs better than 0402). Consider the effective capacitance value carefully by consulting the
manufacturer's data sheet. Refer to Tutorial 5527 for more information.
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MAXT77837 5.5V Input, 0.4A/1.05A Switching Current Buck-
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Output Capacitor Selection

Sufficient output capacitance (CoyT) is required for the stable operation of the converter. Choose effective CoyT to be
2.2uF minimum. Effective Coyr is the actual capacitance value seen by the converter output during operation. Larger
values (above the required effective minimum) improve load transient performance but increase input surge currents
during soft start and output voltage changes. The output filter capacitor must have low enough ESR for frequencies up to
the converter's switching frequency to meet output ripple and load transient requirements. The output capacitance must
be high enough to absorb the inductor energy while transitioning from full load to no-load conditions. For most applications,
a 10V 22uF capacitor is recommended for CoyT.

When selecting CoyT, to pay special attention to the capacitor's voltage rating, initial tolerance, variation with temperature,
and DC bias characteristic. Ceramic capacitors with X7R dielectrics are highly recommended due to their small size, low
ESR, and small temperature coefficients. All ceramic capacitors derate with DC bias voltage (effective capacitance
decreases as DC bias increases). Generally, smaller case-size capacitors derate more heavily compared to larger case
sizes (0603 case size performs better than 0402). Consider the effective capacitance value carefully by consulting the
manufacturer's data sheet. Refer to Tutorial 5527 for more information.

Other Required Component Selection

The resistor between SEL pins (SEL1 and SEL2) and GND should have a tolerance of 1% for the internal ADC to read
the value accurately.

PCB Layout Guidelines
The careful circuit board layout is critical to achieve low switching power loss and clean, stable operation.

When designing the PCB, follow these guidelines:

¢ Place the input capacitors (CjN) and output capacitors (CoyT) immediately next to the IN pin and OUT pin of the IC,
respectively. Since the IC operates at a high switching frequency with a fast LX edges, 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.

e Place the inductor next to the LX bumps (as close as possible) and make the traces between the LX bumps 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, 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 make LX traces
take up excessive area. The voltage on this node switches very quickly, and additional area creates more radiated
emissions.

e Connect the inner GND bumps to the low-impedance ground plane on the PCB with vias placed next to the bumps.
Do not create GND islands, as GND islands risk interrupting the hot loops.

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

e Pay attention to 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.

i)

out

LEGEND

0402 (1005)

0603 (1608)

Cout

CIN

s 0805 (2012)

O VviAs

Figure 8. PCB Layout Recommendation for WLP Package
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Boost Converter with 400nA 1Q

Things to Avoid
Avoid using the following use cases when operating the part.

¢ When doing a line transient between VN > VouT to VIN < VouT - 0.7V, the slew should be less than 1V/20us (typical).
For a faster transient, there is a risk of the part entering a state where it switches, even if there is no load. If the part
enters this state, toggle the EN pin or power cycle VN to remove this behavior. Note that this behavior does not induce
any reliability issues for the part. The slew rate at the input is to be kept at less than 1V/20us by increasing the input
capacitance as required by the application.

Typical Application Diagram

2.2uH
LX1 LX2
1.8V T055V N ouT Vour
DC SOURCE Cn Cout 1.8VT052V
10V, X7R 10V, X7R
0603, 10uF — MAX77837 — 0805, 22uF
ENABLE ———»= EN SEL1
DVS ————m- SEL2 RsEL1
RsEL2
PGND =
— —
Ordering Information
PART NUMBER PIN PACKAGE
MAX77837TEWA+T 8 WLP
MAX77837EFA+T* 8 FC2QFN

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

*Future product- Contact factory for availability
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