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3.15A USB Type-C Autonomous Charger with

JEITA for 1-Cell Li-ion/LiFePO4 Batteries

General Description

The MAX77787 is a standalone, 3.15A charger with
integrated USB Type-C® CC detection and reverse-boost
capability. The fast-charge current and termination
voltage is easily configured with resistors. The IC operates
with an input voltage of 4.5V to 13.4V and has a maximum
input current limit of 3A. The IC also implements the
adaptive input current limit (AICL) function that regulates
the input voltage by reducing input current to prevent the
voltage of a weak adapter from collapsing or folding back.

The USB Type-C Configuration Channel (CC) detection
pins on the IC enable automatic USB Type-C power
source detection and input current limit configuration
without any software control as soon as the USB plug is
inserted. The IC also integrates BC1.2 and proprietary
adapter detection using the D+ and D- pins.

The IC offers reverse-boost capability up to 5.1V, 1.5A,
that can be enabled with the ENBST pin, also BYP
reverse-boost that can be enabled with the ENBST and
STBY pin combination. The STAT pin indicates charging
status, while the INOKB pin indicates valid input voltage.
Charging can be stopped by pulling the CHGENB pin low.

The 1 C is equipped with a
battery true-disconnect FET to control the charging and
discharging of the battery or isolate the battery in case of
a fault. The IC supports Li-ion batteries with JEITA
compliance. It also has another option that supports
LiFePO4 batteries with non-JEITA compliance. The IC
comes in a 2.758mm x 2.758mm, 0.4mm pitch, 6 x 6
wafer-level package (WLP) making it suitable for low-cost
PCB assembly.

Applications

Mobile Point-of-Sale (mPOS) Terminals
Portable Medical Devices

Wireless Headphones

GPS Trackers

Charging Cradles for Wearable Devices
Power Banks

Mobile Routers

=8 =4 =4 -4 -4 -8 -4

USB Type-C is a registered trademark of USB Implementers Forum.
Smart Power Selector is a trademark of Maxim Integrated Products, Inc.

MAXT77787

Benefits and Features

1 Up to 16V Protection
1 13.4V Maximum Input Operating Voltage
1 3.15A Maximum Charging Current
91 6A Discharge Current Protection
A No Firmware or Communication Required
A Integrated CC Detection for USB Type-C
A Integrated BC1.2 Detection for Legacy SDP, DCP,
CDP, and DCD Timeout
A Integrated USB Detection for Common Proprietary
Charger Types
A Automatic Input Current Limit Configuration
A Input Voltage Regulation with Adaptive Input
Current Limit (AICL)

T 5.1V, 1.5A OTG Mode and BYP Reverse Boost

1 Safety
A Charge Safety Timer
A JEITA Compliance with NTC Thermistor Monitor
A Thermal Shutdown

1 Pin Control of all Functions

A Resistor Configurable Fast-Charge Current/Input

Current Limit/Termination Voltage

A ENBST Pin to Enable_and Disable Reverse Boost
FUA ?‘I\" Rg\ﬁ?n to In%igaTe %ﬁggiﬂg?s atus' L

A INOKB Pin to Indicate Input Power-OK

A CHGENB Pin to Enable and Disable Charging

A STBY Pin to Support Suspend Mode

A THM Pin to Monitor Thermistor

1 Integrated Power Path
1 Integrated Battery True-Disconnect FET
T 2.758mm x 2.758mm, 6 x 6 WLP
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Simplified Block Diagram

3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

RIFAST

4.5V-13.4¥/3A

() CHGIN

BYP

BATT

THM

10eF + 22¢F

USB Type-C
CONNECTOR () DP
() DN BST
() CC2
CC1
Y LX
MAX77787
. SYS Vsys
INOKB PVL
STAT PGND
—»()STBY
——»()CHGENB
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

Absolute Maximum Ratings

CHGIN t0 GND...ooeviiiiiiiiiiie s -0.3V to +16.0V THM, IFAST, VSET to GND........cccvvveennne -0.3Vto Vpp+ 0.3V

BYP, LXTO PGND .....cccvviiiiiiiiiieeeeeeen -0.3V to +16.0V Vpp, PVL, INLIMt0 GND........ccooovviiiiiiiiiiee, -0.2V to +2.2V

BATT, SYS, INOKB, STAT, ENBST, CHGENB, STBY to GND VcHain, BYP Continuous Current ..........cccccevvvvveeeenn. 3-2ARMS
.......................................................................... -0.3V to +6.0V '

BST 10 PVL.ooroooooeeseoeeee oo -0.3V to +16.0V LX, PGND CONtiNUOUS CUMENL.....ccesssvvesvvvesvees 3:5ArMs

BST 10 LX urvermarrermreessnnsessensessessesssssessnnnens -0.3V to +2.2V SYS, BATT Continuous CUITeNt.............cooooeeiveeinnne. 4.5ARMS

DN, DP 10 GND ....ccoiiiiiiiiiieiiieeeec e -0.3V to +6.0V Operating Temperature Range ...............cc....... -40°C to +85°C

CCL1,CC21t0 GND ...ooeeiiiiriiiieeeieeee s -0.3V to +6.0V Storage Temperature Range ..............c.......... -65°C to +150°C

Stresses beyond those |isted under fAAbsolute Maxi mum Rat i nqgs@nlyreadfunctianal speratpreof thealevieenat thedemmma ge t o t |

any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

Package Information

Package Code W362K2+1
Outline Number 21-100576
Land Pattern Number Refer to Application Note 1891

Thermal Resistance, Four-Layer Board:
Junction-to-Amb i eyt (d 45.72°C/W

Junction-to-Case ThermalRe si st g@) ce ( ( NA
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

Pin1 E Marking see Note 7
Indicator: 1 COMMON DIMENSIONS

A\.l. A ] 064£005
at| 019003
a2 | 0.45 REF

AAAA

N

D A3 0.04 BASIC
$0.27 £0.03
D 2.758 +0.025
2.758 +0.025
A3— TOP VIEW SIDE VIEW p1|  2.00 BASIC
El 2.00 BASIC
R Al e | 0.40BASC
A A2 r D 0.20 BASIC
% I\ WAWAVAVAVAW) SE 0.20 BASIC
} FRONTVIEW I [&]oos]s DEPOPULATED BUMPS
NONE
El
SE-I [e—
. el NOTES:
Fl-éd O PO é Py 1. Terminal pitch is defined by terminal centerto centervalue.
N 2. Outerdimension isdefined by centerlinesbetween scribe lines.
(8] Ef OOO|OOO D 3. All dimensionsin milimeter.
D _E 4. Marking shown isforpackage orientation reference only.
OOOOO@_ D1 5. Tolerance is £0.02 unless specified otherwise.
clOO0I00O O 6. Alldimensionsapply to PbFree (+) package codesonly.
7. Front - side finish can be eitherBlack orClear.
Bl OOOI0O
Al OOO[0 ,
g @ e
[$los®Oks egrated.
™ pACKAGE OUTLINE 36 BUMPS
BOTIOM VIEW WLP PKG. 0.4 mm PITCH, W362K2+1
APPROVAL DOCUMENTCONTROLNO. REV. 1,
- DRAWING NOTTO SCALE - | 21-100576 ["a [

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages. Note

that a MN+00,i ni #tOhe opacikage code indicates RoHS diffesentsdfix o n |

character, but the drawing pertains to the package regardless of RoOHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-
tutorial.
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MAXT77787

Electrical Characteristics
(VcHein = 5.0V, Limits are 100% tested at Ta = +25°C. Limits over the operating temperature range and relevant supply voltage range
are guaranteed by design and characterization.)

3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
GENERAL ELECTRICAL CHARACTERISTICS
Battery Only Quiescent IBATT @ | USBC as UFP and BATT = SYS = 3.6V 30 50 WA
Current -
SWITCHING MODE CHARGER
V V
CHGIN Voltage Range VCHGIN Operating voltage (Note 1) CHGIN_ CHGIN_ \Y
UVLO OVLO
CHGIN Overvoltage VCHGIN_OVLO | YCHGIN rising 13.4 13.7 14 Y
Threshold -
CHGIN Overvoltage VCHGINH_OVL -
- V fallin
Threshold Hysteresis 0 CHGIN 9 300 mv
CHGIN to GND
Minimum Turn-On VCHGIN_UVLO | VCHGIN fising 4.6 4.7 48 \Y;
Threshold Accuracy
CHGIN to SYS
.. \% + \% + \% +
Minimum Turn-On VcHaIN2sYs | VcHGIN rising SYS SYS SYS v
0.12 0.20 0.28
Threshold
CHGIN Adaptive
Voltage Regulation VCHGIN_REG 4.4 45 4.6 \Y
Threshold Accuracy
Automatically configured after charger 05 30
CHGIN Current Limit CHGIN ILIM type detection ) ) A
Range - Externally configured by Ry v when 05 3.0
charger type detected as unknown ) '
CHGIN Minimum
|
Current Threshold uLo 65 mA
VcHaIN = 5.0V, charger enabled, Vgyg =
NN VeaTT = 4.5V, (No switching, battery 2.7 4
CHGIN Supply Current charged) mA
I|N_STBY DCDC Off, STBY = H, VCHGlN =5V 0.2
IN_cHGENB | CHGENB =H, Vchgin = 5V 2.7
Charger enabled, 500mA input current
setting, Tp = 0°C to +85°C 423 460 500
VcHaIN Input Current Charger enabled, 1500mA input current
Limit NLIMIT setting, T = 0°C to +85°C 1300 1400 1500 mA
Charger enabled, 3000mA input current
setting, T = 0°C to +85°C 2600 2800 3000
CHGIN Self-Discharge Time required for the_ charger input to
Down to UVLO Time tiNsSD cause CHGIN capacitor to decay from 100 ms
6.0V to 4.3V
CHGIN Input Self-
R
Discharge Resistance INSD a4 kq
HGIN to BYP - .
CHGIN to RcHeIN2BYP | Bidirectional 20 maq
Resistance
LX High Side
R
Resistance HS 4l ma
LX Low Side Resistance Rs 41 mq
BATT YS D
T to SYS Dropout RBaT2SYS 13 mq
Resistance
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MAXT77787

3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

(VcHgIN = 5.0V, Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range and relevant supply voltage range
are guaranteed by design and characterization.)

Threshold Hysteresis

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Calcul ation esti mat
resistance (R)
CHGIN to BATT
Dropout Resistance RCHGINZBAT 114 maq
RcHGIN2BAT = RcHaIN2BYP + RHs + RL
+ RpaT2sYS
LX = PGND or BYP, Tp = +25°C 0.01 10
LX Leakage Current
9 LX = PGND or BYP, Tp = +85°C 1 WA
BST = PGND or 1.8V, Tp = +25°C 0.01 10
BST Leakage Current
¢ BST = PGND or 1.8V, Tp = +85°C 1 WA
VBYP = 5V, VCHGlN = OV, LX = OV,
charger Disabled, Tp = +25°C 0.01 10
BYP Leakage Current Vavp =5V, Vonam = 0V, LX = 0V, HA
charger disabled, Tp = +85°C 1
Vgys =0V, VaTT = 4.2V, charger
disabled, T = +25°C 0.01 10
SYS Leakage Current Vsvs = OV, VarT = 4.2V, charger HA
disabled, Tp = +85°C 1
Minimum ON Time tON-MIN 75 ns
Minimum OFF Time tOFF-MIN 75 ns
Buck Current Limit ILim 5.16 6.0 6.84 A
Reverse Boost Non-switching: output forced 200mV 2000 UA
Quiescent Current above its target regulation voltage
Reverse Boost BYP
\Y,
Voltage in OTG Mode BYP.OTG 4.94 5.1 5.26 Y,
E‘H('?N Output Current | ICHGIN.OTG.LI | 3 4y < Vgary < 45V, Ta = 0°C 10 +85°C | 1500 1725 A
imi M
Discontinuous inductor current (i.e., skip
Reverse Boost Output mode) +150 v
Volt Rippl . .
oltage Ripple Continuous inductor current +150
i Ta = +25°C, BATT regulation voltage
BATT Regulation A g g 0.9 03 +0.3 %
Voltage Accuracy (See Table 5)
SAIIT Regulation VBATREG Externally programmable by Rysgt 3.6 455 \Y;
oltage
i Ta = 0°C to +85°C, BATT regulation
BATT Regulation A g 1 03 105 %
Voltage Accuracy voltage (See Table 5)
Fast-Charge Current .
External resistor programmable 0.5 3.15 A
Program Range
Tp =0°Cto +85°C, V >V ,
A BATT 7 TSYSMIN 2850 3000 3150
programmed for 3.0A
Tp=0°Cto +85°C, V >V, ,
Fast-Charge Currents Ikc A BATT = YSYSMIN 1900 2000 2100 mA
programmed for 2.0A
Tp =0°Cto +85°C, V >V, ,
A BATT SYSMIN 465 500 535
programmed for 0.5A
Trickle Charge VTRICKLE | VBATT fising 3.0 3.1 3.2 v
Threshold
Precharge Threshold VPRECHG | VBATT rising 2.4 25 2.6 Y
Prequalification VpQ-H Applies to both V1r|ckLE and VprecHG 100 mv
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

(VcHgIN = 5.0V, Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range and relevant supply voltage range
are guaranteed by design and characterization.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
ITRICKLE for termination voltage from
Trickle Charge Current ITRICKLE 4.1V to 4.5V option; trickle charge is 270 300 330 mA

disabled for 3.6V option

Precharge Charge

IPRECHG 40 55 80 mA
Current
Charger Restart

V
Threshold RSTRT 50 100 150 mV
Char.ger Rgstart 10mV overdrive, 100ns rise time 130 ms
Deglitch Time
Top-Off Current ITo See Table 6 50 150 mA

Program Range

Tp = 0°C to +85°C, programmed for

130 150 170
Top-Off Current I 150mA A
Accuracy o T = 0°C to +85°C, programmed for m
25 50 75
50mA
Char.ge Tgrmlnatlon tTERM 2mV overdrive, 100ns rise/fall time 30 ms
Deglitch Time
Charger Soft-Start Time tss 15 ms
[ = 10mA
BATT to SYS Reverse v BATT : _ 70 mv
Regulation Voltage BSREG Load re_gulatlon during the reverse 1 mV/A
regulation mode
o For termination voltage from 4.1V to 4.5V 35
Minimum SYS Voltage VsysMmIN — \Y
For 3.6V termination voltage 3.0
Minimum SYS Voltage VSYSMIN 3 13 %
Accuracy
Prequalification Time tpo Applles to both low-battery precharge and 30 min
trickle modes
Fast-Charge Constant
Current Plus Fast- tre 6 hours
Charge Constant
Voltage Time
Top-Off Time tto 30 s
Timer Accuracy -20 +20 %
Thermal Shutdown TSHDN Ty rising (Note 2) 165 °C
Thermal Shutdown T, failing 15 °c
Hysteresis
Junction Temperature
Thermal Re.gulatlon TREG Junctlop temperature when charge 130 °c
Loop Setpoint Program current is reduced
Range
-g;?r:mal Regulation ATIREG lrc = 3.15A -157.5 mA/°C

VTHM/VPVL rising, 1% hysteresis
THM Threshold, COLD THM_COLD . . 72.5 74 75.5 %
(thermistor temperature falling)

VTHM/VpyL rising, 1% hysteresis
THM Threshold, COOL THM_COOL . . 63.5 65 66.5 %
(thermistor temperature falling)

V1um/VpyL falling, 1% hysteresis
THM Threshold, WARM | THM_WARM . .. 31 32.5 34 %
- (thermistor temperature rising)

V1um/VpyL falling, 1% hysteresis
THM Threshold, HOT THM_HOT . . 215 23 24.5 %
- (thermistor temperature rising)
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MAXT77787

3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

(VcHgIN = 5.0V, Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range and relevant supply voltage range
are guaranteed by design and characterization.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Charger Disable Vrum/VpyL falling, 1% hysteresis
\ s . 45 6 7.5 %
Threshold CHGR_EN (charger is disabled below this threshold) °
THM Input Leakage VTHM = GND or Vpy; Tp = +25°C 0.1 1 C A
Current V1um = GND or Vpy; Ta = +85°C 0.1
Battery Overcurrent
|
Threshold BOVCR 6.0 A
Battery Overcurrent t
. BOVRC 6 ms
Debounce Time
Battery Overcurrent tocP_RETRY 015 sec
Retry
Battery Overcurrent 3+IgATT
Protection Quiescent IBOVRC 118040 HA
Current
System Power-Up Isyspu 35 50 80 mA
Current
System Power-Up v v - .
SYSPU Sys rising, 100mV hysteresis 1.9 2.0 2.1 Y
Voltage
INOKB, STAT
Logic Input Leakage
1 1
Current 0 DA
Output Low Voltage | =5mA. Ta = +25°C
INOKB, STAT source » TA 0.4 \Y
Output High Leakage Vsys = 5.5V, Tp = +25°C -1 0 +1 oA
INOKB, STAT Vgyg = 5.5V, Tp = +85°C 0.1
ENBST
Logic Input Low v
Threshold IL 0.4 v
Logic Input High v
Threshold IH 14 v
Logic Input Leak V = 5.5V (includi tth h
ogic Input Leakage lENBST (|n9 uding current throug 24 60 LA
Current pulldown resistor)
Pulldown Resistor RENBST 235 kY
STBY
Logic Input Low v
Threshold L 0.4 v
Logic Input High v
Threshold H 1.4 v
Logic Input Leakage IsTRY V=55V (|ng|ud|ng current through 24 60 LA
Current pulldown resistor)
Pulldown Resistor RstBY 235 kY
CHGENB
Logic Input Low V
Threshold IL 0.4 v
Logic Input High v
Threshold IH 14 v
Logic Input Leakage ICHGENB V =55V (|ng|ud|ng current through 24 60 uA
Current pulldown resistor)
Pulldown Resistor RcHGENB 235 kY
CHARGER DETECTION
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MAXT77787 3.15A USB Type-C Autonomous Charger with

JEITA for 1-Cell Li-ion/LiFePO4 Batteries

(VcHgIN = 5.0V, Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range and relevant supply voltage range

are guaranteed by design and characterization.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
BC1.2 State Timeout trmo 180 200 220 ms
Data Contact Detect tocDtmo 700 800 900 ms
Time-Out
Proprietary Charger tPRDEb 5 75 10 ms
Debounce
Prumary to Secondary tPDSDWait 27 35 39 ms
Timer
Charger Detection tcDDeb 45 50 55 ms
Debounce

DP and DN pins. Threshold in percent of
VBuUse4 Threshold VBUSEd |y e voltagg' 3V < Vgys < 5.5pv 57 64 71 %
VBuse4 Hysteresis VBUS64_H 0.015 \Y
DP and DN pins. Threshold in percent of
VBus47 Threshold VBUSAT | g s voltagz' 3V < Vgys < 5_5pv 433 47 51.7 %
Vgysa7 Hysteresis 0.015 \
DP and DN pins. Threshold in percent of
VBus31 Threshold VBUS3L | ype voltagz- 3V < Vgus < 5_5pv 26 31 36 %
Vpys31 Hysteresis 0.015 \
Iweak Current WweAK 0.01 0.1 0.5 HA
Rpm_pwn Resistor RpM_DWN 14.25 20 24.8 k q
Ipp_src Current Ipp_src/lbcp | Accurate over OV to 2.5V 7 10 13 PA
| /l
Ipm_sink Current DM—Z:E PAT | Accurate over 0.15V to 3.6V 45 80 125 LA
Vi gc Threshold Vice 1.62 1.7 1.9 v
Vi Gc Hysteresis ViGe H 0.015 Y
VpaT_REF Threshold VDAT REF 0.25 0.32 0.4 Y
VpaT_REF Hysteresis VDAT REF_H 0.015 Y
VpN src Voltage VDN—SRC/VSR Accurate over I pap = 0 to 200pA 05 0.6 0.7 \Vj
_ Co6
Vpp_src Voltage VDP—?;;:NSR Accurate over I oap = 0 to 200pA 05 0.6 0.7 \VJ
COMP2 Load Resistor Russ Load resistor on DP/DN 3 6.1 12 Mq
CC DETECTION
CC Pin Voltage in DFP Measured at CC pins
1.5A Mode VCC_PIN | |DEP1.5 CCenableand Vo, O 2. 5y 185 v
CC Pin Clamp Voltage | Vcc ciamp |6 0 OAccOO 1600 OA 11 1.32 Vv
CC Pin Clamp Voltage | <2mA
2 . \Y
(5.5V) cc_ 5.25 5.5
CC UFP Pulldown Rpp_urp -10% 5.1k +10% q
Resistance -
CC DFP 1.5A Current IbFPLS CC -8% 180 +8% PA
Source -
CC RA RD Threshold VRA_RD0.5 0.15 0.2 0.25 \%
€C UFP 0.5ARD VUFP_RDO.5 0.61 0.66 0.7 v
Threshold -
CC UFP 0.5ARD
. VUFP_RD0.5_H 0.015 \Y;
Hysteresis
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

(VcHgIN = 5.0V, Limits are 100% tested at Tp = +25°C. Limits over the operating temperature range and relevant supply voltage range
are guaranteed by design and characterization.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
cC UFP 1.5ARD VUFP_RD1.5 1.16 1.23 1.31 \Y
Threshold -
CC UFP 1.5ARD VUFP_RD1.5_H 0.15 \Y;
Hysteresis

Max time allowed from removal of voltage

i - i t
CC Pin Power-Up Time ClampSwap clamp till 5.1k resistor attached 15 ms
CC Detection Debounce tccbeb 100 119 200 ms
USB Type-C Debounce tPDDeb 10 15 20 ms
USB Type-C Quick tQDeb 0.9 1 1.1 ms
Debounce

Note 1: The CHGIN input must be less than VCHGIN_OVLO and greater than both VCHGIN_UVLO and VCHGIN2SYS for the
charger to turn on.

Note 2: Tgypn Only sets charger from charging to buck mode, Tgypy is invalid in reverse-boost mode
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

Typical Operating Characteristics
(VCHGIN = 5V, VBATT = 3.8V, Tp = +25°C, unless otherwise noted.)

EFFICIENCY vs. FAST CHARGE CURRENT EFFICIENCY vs. FAST CHARGE CURRENT EFFICIENCY vs. BATTERY VOLTAGE
- Vgarr = 4.35V - - Viarr = 3.80V - o 3.15A FAST CHARGE CURRENT
95 95 92
% // 2 — % —_— == "
_ 8 // _ & ,// - n%
S w0 S Y g
o B w w
2 7 g o ”
i 65 Yo o8 /
60 CHGIN = 5V 60 CHGIN = 5V 80 |A——] CHGIN=5V
CHGIN = 9V CHGIN =9V // CHGIN = 9V
55 CHGIN = 12V 55 CHGIN = 12V 78 | CHGIN=12V 1
50 | | | 50 | | | 7 |
00 05 10 15 20 25 30 00 05 10 15 20 25 30 30 35 40 45
FAST CHARGE CURRENT (A) FAST CHARGE CURRENT (A) BATTERY VOLTAGE (V)
CHGIN QUIESCENT CURRENT vs. Vcan
Vsys = Vaarr = 4.5V CHGIN QUIESCENT CURRENT vs. Vgygin
OTG EFFICIENCY vs. OTG LOAD CURRE!:T CHARGER ENABLED s STBY =H o0
7 " 07 c 06 d
v
9% < 06 < 05
95 , ,\ Z 05 £ o L
5 o i . /
> u /— 3 o4 yd 3 4
& o 0 o g
2 / P / £ 03
] =4 = .
S S 03 o] vd
= / VearT = 340V ] @ L
b 9 Vgarr = 3.80V 3 o 3 02 P
5 Vgarr = 4.20V \ =z =
9 \/BM—‘[— 4.35V % 04 % 0.1
90 0 0
00 05 1.0 15 012345678910111213141516 012345678910111213141516
OTG LOAD CURRENT (A) CHGIN VOLTAGE (V) CHGIN VOLTAGE (V)
CHARGE PROFILE
CHGIN QUIESCENT CURRENT vs. V Venain = 5V, least = 2A, Vrgry = 4.35V
CHGENB =H cron BATTERY QUIESCENT CURRENT vs. Vgarr roporr = 100mA, TOPOFF TIMER = 0.5MIN
= o7 pd TOPOFF 3 -SMIN
24 400 45 25
T ]
z ;(2) B g %5 40 7 A’ _A 20
= 18 % %0 S35 <
£ 45 = w \ 15 =
3 14 3 ®s / £ 30 g
= 12 g 80 g \ 103
g 0 & 375 & \ <]
S 08 3 [ N 05 %
=4 g o 520 5
= 06 % 370 o, A S
[} w
2 o4 E w7 15 00
C 02 £ %5 w4 ) L
00 36.0 1.0 05
012345678910111213141516 15 20 25 30 35 40 45 50 55 60 65 0 20 40 60 80 100 120 140
CHGIN VOLTAGE (V) BATTERY VOLTAGE (V) TIME (min)
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MAXT77787

3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

(VcHgIN = 5V, VBaTT = 3.8V, Ta = +25°C, unless otherwise noted.)

SWITCHING WAVEFORM
Varian =9V, SYSLOAD QURRENT =0.15A |

o SR o

LY -

5ps/div
INPUT INSERTION
Vearr =3.8V tocl3
| 1v/div
Ie— 1\// div
Vearr fn
Vsrs +J
500ps/ div
OTGDISABLE s
Vss 2vidiv
Vaian
ENBST
2V/div
2V/div
X 5V/div
100mg/ div

www.analog.com

SNVITCHING WAVE-ORM

Vaiain =9V, SYSLOAD QURRENT = 3Amcl
Vaoian SO wed| 2V/div
Vs 2V/div

R S R I I I I S
LX 10V/div

(o o

1pg/div
CHGIN REMOVAL WHILE CHARGING
Vearr=3.8V tocld
Ve
2Vl div
2V/div
2Vl div
1V/div
100mg/div
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MAXT77787

3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

(VcHgIN = 5V, VBaTT = 3.8V, Ta = +25°C, unless otherwise noted.)
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

Pin Configuration

MAX77787
TOP VIEW
(BUMP SDEDOWN)
1 2 3 4 5 6
A LX PGND
B x | [ ran
C VEET CHGIN BYP STAT | PGND PVL
D | ss [ ss
E e e
F a oP DN Voo THM

WLP
(2.758mm X 2.758mm 0.4mm PITCH)

Pin Descriptions

PIN NAME FUNCTION

BST Provides Drive to High-Side Internal nMOS. Connect a 100nF/6.3V bootstrap capacitor between this pin
and the LX node.

D2 INOKB | Charger Input Valid, Active-Low Logic Output Flag. The open-drain output indicates when a valid voltage
is present at CHGIN.

Open-Drain Charge Status Indication Output. STAT is toggling low and high impedance during charge.

Al

C4 STAT STAT becomes low when a top-off threshold is detected and in a done state. STAT becomes high
impedance when charge faults happen.

E1 CC2 USB Type-C CC2 Connection

F1 CcC1 USB Type-C CC1 Connection

F2 DP Positive Line of the USB Data Line Pair. Connect to D+ on USB Type-C or micro USB connector.

F3 DN Negative Line of the USB Data Line Pair. Connect to D- on USB Type-C or micro USB connector.

E2 ENBST | Active-High Logic Input. Enable/disable the reverse-boost converter.

F5 GND | Analog Ground. Short to ground plane.
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries
Vpp Output of On-Chip LDO Used to Power On-Chip, Low-Noise Circuits. Bypass with a 2.2uF/10V ceramic
F4 capacitor to GND. Powering external loads from Vpp is not recommended other than pullup resistors.
Thermistor Connection. Connect an external negative temperature coefficient (NTC) thermistor from
F6 THM THM to GND. Connect a resistor equal to the thermistor +25°C resistance from THM to PVL. See the
JEITA Compliance for details.
D1 IEAST Fast-Charge Current Setting Pin. Connect a resistor (RjpasT) from IFAST to GND to program the fast-
charge current. Us ech&geclrdny f or 3. 15A fast
E4 E5 E6 BATT Battery Power Connection. Connect to the positive terminal of a single-cell (or parallel cell) Li-ion battery.
T Bypass BATT to PGND ground plane with a 10pF ceramic capacitor.
D4,D5,D6 SYS System Power Node. Bypass SYS to PGND with a 2x10pF/10V ceramic capacitor.
C6 PVL Output of On-Chip LDO, Noisy Rail due to Bootstrap Operation. Bypass with a 2.2uF/10V ceramic
capacitor to PGND. Powering external loads from PVL is not recommended.
A6,B6,C5 PGND Power Ground. Connect the return of the buck output capacitor close to these pins.
Ad A5 B4 Switching Node. Connect an inductor between LX and SYS. When the buck converter is enabled, LX
’85’ ' LX switches between BYP and PGND to control the input current, battery current, battery voltage, and die
temperature.
A3.B3.C3 BYP System Power Connection. Output of OVP adapter input block and input to switching charger. Bypass
T with a 22uF/16V ceramic capacitor from BYP to PGND.
A2 B2.C2 CHGIN Charger Input. Up to 13.4V operating, 16VDC withstand input pin connected to an adapter or USB power
T source. Connect a 2.2uF/16V ceramic capacitor from CHGIN to GND.
c1 VSET Charge Termination Voltage Setting Input. Connecting a resistor (Rysgt) from VSET to GND programs
the charge termination voltage.
D3 CHGENB | Active-Low Input. Battery charging is enabled when CHGENB connects to low.
Active-High Input. Connect high to disable the DCDC between CHGIN input and SYS output. CHGIN
E3 STBY supply current reduces to IcygiN_sTBY- The battery supplies the system power. Connect low to control
the DCDC with the power path-state machine
Charger Input Current Limit Setting Input. Connecting a resistor (Rynpn) from INLIM to GND programs
B1 INLIM the charger input current limit. The input current limit setting through a resistor is valid only when the
adaptor is detected as unknown. Else, the input current limit is programmed by D+/D- detection and CC
detection result.
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MAXT77787

Functional Diagram

3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries
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Detailed Description

The MAX77787 is a highly integrated USB Type-C charger with autonomous configuration. The IC can operate input
range from 4.5V to 13.4V to support 5V, 9V, and 12V AC adapter and USB input. The fast-charge current is up to 3.15A
and the max input current limit is 3.0A.

The IC can run BC1.2 and USB Type-C CC detection upon input insertion and configure input source to max power option
and charger input current limit to max power.

Fast-charge current and top-off current threshold can be programmed with an external resistor. Input voltage regulation
feature (AICL) even allows users to use weak AC adapters without preventing charge.

Power path design provides system power even when the battery is fully discharged and it supplements current from the
battery and charge input automatically when the system demands higher current.

Reverse boost from the battery can be enabled by the ENBST and STBY pins to allow 5.1V/1.5A OTG to Vgys or BYP.

Switching Mode Charger
Features

1 Complete Li+/LiPoly/LiFePO4 Battery Charger

A Prequalification, Constant Current, Constant Voltage

A 55mA Pre-charge Current

A 300mA Trickle Charge Current for MAX77787J Version. For the MAX77787H version, the trickle charge current is
disabled.

A Resistor Adjustable Constant Current Charge
- 500mA to 3.15A (See Table 6)

A Resistor Adjustable Battery Regulation Voltage
- 3.6V to 4.55V (See Table 5)
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

- -0.9/+0.3% Accuracy at +25°C
- -1/+0.5% Accuracy from 0°C to +85°C

Synchronous Switch-Mode Based Design

Smart Power Selector

A Optimally Distributes Power Between the Charge Adapter, System, and Main Battery

A When Powered by a Charge Adapter, the Main Battery can Provide Supplemental Current to the System
A The Charge Adapter can Support the System without the Main Battery

No External MOSFETs Required

Single Input Operation

A Reverse Leakage Protection Prevents the Battery Leaking Current to the Inputs

A Venein ovio = 13.4V

A Supports AC-to-DC Wall Adapters

A Automatic Input Current Limit Selection after Charger Type Detection
- 500mA, 1A, 2A, 2.5A, 3A

A External Programmable Input Current Limit when Unknown Charger Type is detected
- 500mA to 3A (See Table 4)

1 Charge Safety Timer
A 6 Hour

91 Die Temperature Monitor with Thermal Foldback Loop
A Die Temperature Thresholds (°C): 130°C

Input Voltage Regulation allows Operation from High-Impedance Sources (AICL)
BATT to SYS Switch is 13mq Typical
A Capable of 4.5A Steady-State Operation from BATT to SYS

9 Short Circuit Protection
A BATT to SYS Overcurrent Threshold: 6A
A SYS Short-to-Ground
- Buck Operates with Input Current Limit to 200mA when Vgys < Vgyspuy

= =4

= =4

=A =4

v
Ve aen  QCHGN BYP
o e
UPTO+13.4V OPERATING I < = EVERSE aooST
UP TO 3.0AINPUT CURRENT _| QHs 1 ( ore)
= CHGININPUT CLRRENT

LIMT SWMTCH BUCK/BOOST LX
CONTROLLER

PGND
SYS
NIAX77787 CHARGE AND Q3AT
rorti ||
CONTROLLER 3

UPTO30A

BATT | CHARGE CURRENT

Figure 1. Simplified Functional Diagram
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries
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Figure 2. Main Battery Charger Detailed Functional Diagram
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

Detailed Description

The IC is a switch-mode charger for a one-cell lithium-ion (Li+), lithium polymer (Li-polymer) battery, or LiFePOg4 battery.
As shown in Figure 2, the current limit for CHGIN input is automatically configured allowing the flexibility for connection
to either an AC-to-DC wall charger or a USB port.

The synchronous switch-mode DC-DC converter utilizes a high 1.3MHz switching frequency which is ideal for portable
devices because it allows the use of small components while eliminating excessive heat generation. The DC-DC has both
a buck and a boost mode of operation. When charging the main battery the converter operates as a buck. The DC-DC
buck operates from a 4.5V to 13.4V source and delivers up to 3.15A to the battery. The battery charge current is
programmable from 500mA to 3.15A with an external resistor.

As a boost converter, the DC-DC uses energy from the main battery to boost the voltage at BYP. The boosted BYP
voltage is useful to supply the USB OTG voltage which is fixed to 5.1V.

Maxi més Smart Power Selector architecture makesertyles bpswerus

all times to supply up to Buck Current Limit from the buck to the system. (Additionally, supplement mode provides
additional current from the battery to the system up to B2SOVRC.) Adapter power that is not used for the system goes to
charging the battery. All power switches for charging and switching the system load between the battery and adapter
power are included on-chip’ no external MOSFETSs are required.

Maxi més proprietary pr oce$RpsoN deddenio b snpy solatibn siwev The ftotalr dropoot w

resistance from adapter power input to the battery is
114mgq typical dropout resistance allows for charginge
BATT-to-SYS node is 13mq, allowing for | ow power dissipat:i

A multitude of safety features ensures reliable charging. Features include a charge timer, junction thermal regulation,
over/undervoltage protection, and short circuit protection.

The BATT-to-SYS switch has overcurrent protection (see the Main Battery Overcurrent Protection section for more
information).

Smart Power Selector (SPS)

The SPS architecture is a network of internal switches and control loops that distributes energy between an external
power source CHGIN, BYP, SYS, and BATT.

Figure 1showsas i mpl i fi ed arrangement for the Smar tFigRe2wws aseré
detailed arrangement of the Smart Power Selector switches and gives them the following names: QcHaIN, QHS: QLS,
and QAT

Switch and Control Loop Descriptions

1 CHGIN Input Switch: QcHgn provides the input overvoltage protection of +16V. The input switch is either completely

on or completely off. As shown in Figure 2, there are SPS control loops that monitor the current through the input
switches as well as the input voltage.
1 DC-DC Switches: Qs and Qs are the DC-DC switches that can operate as a buck (step-down) or a boost (step-up).

When operating as a buck, energy is moved from BYP to SYS. When operating as a boost, energy is moved from
SYS to BYP. SPS control loops monitor the DC-DC switch current, the SYS voltage, and the BYP voltage.

1 Battery-to-System Switch: QgaT controls the battery charging and discharging. Additionally, QgaT allows the battery
to be isolated from the system (SYS). An SPS control loop monitors the QgaT current.

SYS Regulation Voltage

1 When the DC-DC is enabled as a buck and the charger is enabled but in a non-charging state such as done, thermal
shutdown, or timer fault, Vgys is regulated to VBATTREG, and Qpar is off.

1 Whenthe DC-DC is enabled as a buck and charging in trickle-charge, fast-charge, or top-off modes, Vsys is regulated
to Vsysmin when the VprecHe < VBATT < Vsysmin: And, when the DC-DC is enabled as a buck and charging in
precharge mode (VBaATT < VPRECHG), Vsys is regulated to VpaTTREG- In these modes, the QpaT switch acts as a
linear regulator and dissipates power [P = (Vsys - VBaTT) X IBaTT]- When Va1t > Vsysmin, then Vsys = VBATT +
IBATT X RBAT2SYS- In this mode, the QpaT switch is closed.
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MAXT77787 3.15A USB Type-C Autonomous Charger with
JEITA for 1-Cell Li-ion/LiFePO4 Batteries

In all of the above modes, if the combined SYS loading exceeds the input current limit, then Vgys drops to VgaTT 1
VBsREG. and the battery provides supplemental current.

Input Validation

The charger input is compared with several voltage thresholds to determine if it is valid. A charger input must meet the
following three characteristics to be valid:

I CHGIN must be above VcHgIN_uvLO to be valid. Once CHGIN is above the UVLO threshold, the information (together

with LIN2SYS, described below) is latched and can only be reset when the charger is in the adaptive input current
loop (AICL) and the input current is lower than the IULO threshold of 60mA. Note that VcHgIN REG is lower than their
UVLO falling threshold, respectively. -

I CHGIN must be below its overvoltage lockout threshold (VcHGIN_ovLO)

1 CHGIN must be above the system voltage by VcHgIN2sYS

Versin ]y INPUT IS NOT
OVERVOLTAGE]
o VcHain_ovios
Verainovio — |
USB_CHGR_EN
o
»— | INPUT IS NOT
UNDER VO LTA(
o Venain uiios R
[ Ve >
1 LOWINPUT TO SYS
HEADRO OM
LIN2SYS
Vsys+ OFFSET — |
- ADAPTIVE INPUT

CURRENT LOO
VeHaIN_REG

I_IlULO INPUT CURRENT

i

lcroinzsyp

Figure 3. CHGIN Valid Signal Generation Logic

The INOKB pin is pulled down when CHGINOK =1 and the switcher starts.

Vereinvip

SWITCHER START

Figure 4. INOKB Signal Generation Logic

Input Current Limit

The IC has two ways to control the input current limit. After the charger-type detection is done, the IC automatically
configures the input current limit to the highest settings that the source can provide. If the input source is not a standard
power source described by BC1.2, USB Type-C, or proprietary charger type that the IC can detect, the IC sets the input
current limit according to Rynpjm- In the case of floating Rynp v, the IC input current limit is set to 500mA when an unknown

proprietary charger is detected.
Input Voltage Regulation Loop

An input voltage regulation loop allows the charger to be well behaved when it is attached to a poor-quality charge source.
The loop improves performance with relatively high resistance charge sources that exist when long cables are used or
devices are charged with non-compliant USB hub configurations.
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