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4.5A switch mode charge control IC

MM3659
outline |

This IC is a 4.5A switch mode charge control IC with built-in power path supporting USB OTG. Synchronous rectification
switching charge control allows for low heat generation and highly efficient system drive and charge control at the same
time. By incorporating peripheral components, expensive current-sense resistors, power MOSFETs, and reverse-current-
prevention diodes are no longer required, thus reducing the number of components. In addition, the power management,
system drive, and charge control can be realized on a single chip, contributing to a reduction in design man-hours.

Application Major Specification

Digital Still Cameras, Digital Video Cameras, Other Mobile

Devices Parameter Specification | Units
Rating voltage (VIN) 22.0 \"
Operating voltage range (VIN) 3.9~17.0 \
1. High efficiency 4.5A, 1.5MHz synchronous rectification Input current limit 100 — 3000 mA
switching for charge control and system path power
management Switching frequency 1.5 MHz
2. Wide input voltage range (3.9V to 17V) Charge voltage 3.50 — 4.40 \Y
e.g.) USB Power Delivery 5V, 9V, 15V Fast charge current 512 - 4544 mA
3. Configurable input current limits from 100mA to 3000mA J
in accordance with USB Battery Charging Spec. 1.2 Pre-charge current 128 - 2048 mA
4. Built-in 5v/ 1_.3A USB OTG function for power supply to Fast charge starting voltage 2.8-3.0 \%
exte.rnal dewces. o . Full charge current 128 - 2048 mA
5. Optimal customization is possible through I2C - N
communication Thermal regulation temperature 60 - 120 C
e.g.) Charging voltage/charging current/charging timer, Charging timer 5-20 Hour
etc.
Application Circuit Package
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Passion to Create Value through Difference
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= Any products mentioned this leaflet are subject to any modification in their appearance and others for improvements without prior notification.
m The details listed here are not a of the indivi p at the time of ordering.
= When using the products, you will be asked to check their specifications.

Jun, 2022 Rev.0 1




MITSUMI

1. BLOCK DIAGRAM
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2. PIN CONFIGURATION

3. PIN DESCRIPTION
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Pin No. Pin Name Pin Description
1,24 VIN Power supply input for charging.
2 D+ USB bus D+ input. USB host/charging port detection complying with data contact detection
(DCD) and primary detection of USB Battery Charging Specification1.2.
3 D- USB bus D- input. USB host/charging port detection complying with data contact detection
(DCD) and primary detection of USB Battery Charging Specification1.2.
Charging status indicator. NchMOS open drain output. “L" indicates charge in progress.
4 STAT# o .
When fault condition occurs, blink in 1Hz.
5 SCL 12C clock input pin.
6 SDA 12C data input and output pin.
Interrupt signal output. NchMOS open drain output. When an interrupt factor occurs, output
7 INT# o
256ps “L"-pulse.
In the buck convert mode, USB current limit selection pin. Otherwise, active high OTG
8 oTG . R
operation enable pin. "H/L" input.
9 EN# Active low charge enable pin. “H/L" input.
10 ILIM Input current limit setting pin. Connect a resistor between this pin and PGND.
11 Ts1 Thermistor temperature detection pin 1. Connect a negative temperature coefficient
thermistor
12 2 Thermistor temperature detection pin 2. Connect a negative temperature coefficient
thermistor
13,14 BATT Battery connection pin. Charging to battery and discharging to SYS pin.
15,16 SYS System connection pin. Output power to the system.
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Pin No. Pin Name | Pin Description
17,18 PGND Power ground pin.
19.20 LX DCDC converter inductor connection pin. In addition, connecting the bootstrap capacitor
! 47nF between BOOT pin.
21 BOOT HSFET drive supply. Connect the bootstrap capacitor 47nF between LX pin.
22 REF LSFET drive supply. In addition, reference voltage output pin for the themistor. Connect
TS1/TS2 pin through a resistor.
23 PV The input bypass capacitor connect pin. Connect the ceramic capacitor between PGND pin,
and place it as close as possible to IC.
Expose s .
pad TPAD Heat dissipation PAD. It is recommended to connect to the board ground plane.

Jun, 2022 Rev.0



MITSUMI

4. ABSOLUTE MAXIMUM RATINGS

(Unless otherwise specified : Ta=25°C)

Parameter Symbol Min. Max. Units
Storage temperature Tstg -65 150 °C
Junction temperature Timax -40 150 °C
VIN, PV Vinmaxt -0.3 22 \"
STAT# Vinmaxz -0.3 20 \"
BOOT(*1) Vinuax -0.3 26 v
Input voltage LX(*1) Vinmaxs -0.3 20 v
BATT, SYS Vinwaxs -0.3 6 Y
BOOT to LX Pin Voltage(*1) Vinmaxs -6 -0.3 \
Em,, %c+|_ lI)ltlT#, OTG, ILIM, REF, TS1, TS2, Vi 03 6 v
Sink current STAT#, INT# Isinkmax - 10 mA
Power dissipation Board mounted (*2) Pd - 4.8 W

(*1) The inherent switching noise voltage spikes should not exceed the absolute maximum rating on either the BOOT or LX.

(*2) Board size : 70mm x 70mm x 1.0mm Material : grass epoxy Layer : 4Layers Wire rate :
5. RECOMMENDED OPERATING CONDITIONS
(Unless otherwise specified : Ta=25°C)
Parameter Symbol Min. Max. Units

Operating ambient temperature TS5—! SBIMNROMFEEA, Topr -40 85 °C
Junction temperature Tj -40 125 °C
VIN pin voltage Vvin 3.9 17 \
VIN pin current Tvin - 3 A
Buck converter output current (System load + charging current) TIrotaL_Loap - 4.5 A
BATT pin voltage Vearr - 4.4 \
BATT pin current Isarr - 4.5 A

I5—! 2BINAROMYEHA. Board size : 70mm x 70mm X 1.0mm Material : grass epoxy : 4Layers

Wire rate : 90%
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6. ELECTRICAL CHARACTERISTICS

(Unless otherwise specified : Vvin uvioz < Vvin < Vacov and Vyin > Veart + Vinoer, Ta = 25°C)
Parameter Symbol Test Conditions Min. Typ. Max. | Units

POWER SUPPLY INPUT

Toart LA Vin < Vin_uvioz, Vearr = 4.2V, _ _ 5 uA
- leakage between BATT and VIN

High-Z State, or no VIN, BATTFET

Isatr_sHip disabled (REGO7[5] = 1), SDA = - 12 20 HA
Battery consumption current (BATT,LX,SYS) SCL ="L"
Isatr_pIscHe E?g&;éﬁatjbor no VIN, - 55 85 MA
il o I B R
Tvin_Hiz1 Vvin = 5V, High-Z state - 30 60 HA
Ivin_Hiz2 Vuin= 15V, High-Z state - 60 100 HA
o iy - s 2 | m
VIN consumption current Vvin > Vuvio, Vwin > VeartT,
Tvinz converter switching, Vearr=3.2V, - 2 - mA
Isys=0
Vvin > Vuvio, Vwin > VeartT,
Tvinz converter switching, Vearr=3.8V, - 15 - mA
Isys=0
VIN I2C operating range (no BATT) VVIN_uvioz Vuin rising 3.6 - - \
Input power detection voltage VINDET Vv rising, Vvin-Vearr 170 250 300 mV
Input power detection return voltage VInDETZ Vv falling, Vwvin-Vearr 35 80 120 mV
Power over-voltage detection voltage Vacov Vuin rising 17.4 18 - \
Hysteresis on Vacov Vacov_vs Vv falling - 700 - mV
BATT I2C operating range (no VIN) VBaTT_Uvioz VatT rising 2.3 - - \Y
Battery over-discharge detection voltage VBaTT_DPL Vearr falling - 2.4 2.6 v
Hysteresis on Vearr_prL Veatr ppLHys | Vearr rising - 170 230 mV
Bad adapter detection voltage Vvinmiy Vv falling - 3.7 - \
Bad adapter detection current Isapsrc - 30 - mA
Bad adapter detection time teabsre - 30 - ms
Bad adapter detection interval time teapcrc - 2 - sec

POWER-PATH-BATTERY-PATH

REG00[2:0]=100

ON resistance of RBFET Ron_rerer Measured between VIN and PV - 65 - mQ

ON resistance of HSFET Ron_HsFeT - 50 - mQ

ON resistance of LSFET Ron_Lsrer - 55 - mQ

ON resistance of BATTFET Ron_patTrer - 15 18 mQ

SYSTEM POWER MANAGEMENT

SYS regulation voltage 1 Vsis.rest | BATTFET OFF, Vearr < Vsvs u ; fo@%” ; mv

SYS regulation voltage 2 Vsvs_rec2 BATTFET OFF, Vearr > Vsvs_min - _IYTSB - mv

Minimum SYS output DC voltage Vsrs reammy | VP4 = 9"' REGO1[3:1]=101, 3.5 3.6 - Y%
Vsys un= 3.5V

Maximum SYS output DC voltage Vsys_regmax | Vearr = 4.35V - 4.45 4.55 \
BATT discharge current 10mA,

Battery support voltage Vsup Vsys = Veart — Vsup in Battery - 30 - mV

support mode

Battery support function start ) )
Start voltage of battery support Vsys_patT when Vsys < Vaarr - Vevs earr 90 mV

BATTERY CHARGE CONTROL
Trickle charge current IeatTsHorT Veart < Vstiort - ‘ 85 ‘ - ‘ mA

Jun, 2022 Rev.0 6



MITSUMI

Parameter Symbol Test Conditions Min. Typ. Max. | Units

Pre-charge current accuracy Irrecr _acc | Veatr = 2.6V, Iprecic = 256mMA -20 - 20 %
Fast charge current accuracy Icne_acc Vearr = 3.8V, Icve = 1792mA -5 - 5 %
Charge_ currer_lt with charging current Tene.sopet REG09[2:0] = 011 or REG02[0] = B Icne _ %
reduction option 1 x50

Teoc_acct Ieoc = 128mA, Icie = 960mA -40 - 40 %
End-of-charge current accuracy

Ieoc acc2 Itoc = 256mA, IcHe = 960mA -20 - 20 %
800mA Charge current detection Iverm_sooma - 800 - mA
Battery short detection voltage VBATTSHORT Vearr falling - 2.0 - \
Hysteresis on VearrsHort VeattsHorT_Hys | VearT rising - 200 - mV
Battery low-voltage detection voltage VeattLowy Vearr falling, REGO4[1] = 1 2.6 2.8 2.9 \
Hysteresis on VearrLowv Veattiowv_Hys | Vearr rising, REG04[1] = 1 - 200 - mV
Constant voltage control accuracy Veartrec_acc | Veatrres = 4.304V -0.5 - 0.5 %
Constant voltage control voltage in warm Vearrres warm | REG09[2:0] = 100 - V'ngBEG - mv
Recharge detection voltage VRecHG Vearr falling, REG04[0] = 1 - 300 - mV
Recharge detection deglitch time trecrc Vearr falling, REG04[0] = 1 - 20 - ms
VIN VOLTAGE-CURRENT REGULATION
Input voltage regulation accuracy VvInNDPM_acc -2 - 2 %

Trnopm1 USB100 85 - 100 mA
USB Input current limit Tinppmz USB150 125 - 150 mA

Tnnopms USB500 440 - 500 mA

Tnnopma USB900 750 - 900 mA

Tinppms Input current limit 1.2A 1 - 1.2 A

o Tinppve Input current limit 1.5A 1.3 - 1.5 A

Input current limit —

Innopmz Input current limit 2A 1.7 - A

Tinopms Input current limit 3A 2.6 - A
Input current limit when SYS start Ivin_sTarT Vsys < Vsys_starT - 100 - mA
SYS start detection voltage Vsvs_sTarT Vsys rising - 2.2 - \"
ILIM setting factor KiLm Iv = Kmum/Rum, Impem = 1.5A 440 485 530 AxQ
ILIM voltage when current regulation Vium - 1 - \
INPUT POWER SUPPLY DETECT
D+ detection voltage for DCD VDAT_REF_DCD 0.7 - 0.8 \Y
D+ clamp voltage for DCD Viec Hr - 3.6 \
D+ current source for DCD Iop_sre - 13 HA
D- pull down resistance for DCD Rom_pwn 14.25 - 24.8 kQ
DCD timeout tocoout - 500 - ms
DCD deglitch time tocp - 40 - ms
D+ detection voltage for Primary detection VDAT_REF_PRID 0.25 - 0.4 \"
D+ voltage source for Primary detection Vop_src 0.5 - 0.7 \
D- sink current for Primary detection Iom_smk 25 - 175 MA
Primary detection deglitch time teriD - 40 - ms
Charging timer when 100mA USB host tsop_peraut | Default mode - - 45 min
D+/D- pin leakage current In ke D+/D- switch open -1 - 1 MA
Good-Battery detection voltage VeatTeD Vearr rising 3.4 3.55 3.7 \
Hysteresis on Vearrep Veatrep_hvs | Vearr falling - 100 - mV
BATT-SYS PROTECTION
Battery over-voltage detection voltage Veattovp x::R;iGsing, as percentage of - 104 - %
Hysteresis on Vearrove VBatTOVP_HYS xBATr falling, as percentage of - 2 - %

BATTREG

Battery over-voltage detection deglitch time tearTove - 1 - Hs
BATTFET over-current detection current Isatrrer_ocp 9 - - A
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Parameter Symbol Test Conditions Min. Typ. Max. | Units
SYS over-voltage detection voltage Vsysove - 400 - mV
Svrlistc%ve;qro\éc:t?ﬁaerggtectlon voltage in Vivsove. s _ 650 _ mv
SYS sink current Isvssink - 30 - mA
THERMAL REGULATION-THERMAL SHUTDOWN
Thermal regulation temperature Tiunction_REG REG06[1:0] = 11 - 120 - °C
Thermal shutdown temperature Tshut Temperature increasing - 160 - °C
Hysteresis on TsHur TsHuT_Hvs - 30 - °C
Thermal shutdown detection deglitch time trsp - 1 - ms
BATTERY TEMPERATURE DETECTION
T1 temperature detection TS1 pin voltage V1 As Percentage to Vrer 78.5 79.2 79.9 %
T1R temperature detection TS1 pin voltage VTR As Percentage to Vrer - 77.2 - %
T2 temperature detection TS2 pin voltage V2 As Percentage to Vrer 74.0 74.9 75.8 %
T2R temperature detection TS2 pin voltage VR As Percentage to Vrer - 72.3 - %
T3R temperature detection TS2 pin voltage V3R As Percentage to Vrer - 56.0 - %
T3 temperature detection TS2 pin voltage V13 As Percentage to Vrer 50.9 52.3 53.7 %
T4R temperature detection TS1 pin voltage Vr4r As Percentage to Vrer - 45.1 - %
T4 temperature detection TS1 pin voltage V14 As Percentage to Vrer 40.3 41.6 42.9 %
Battery temperature detection deglitch time trs &ij c?r \\//TT;,chr x:z > Vrz, Or Vrsz < - 10 - ms
DCDC CONVERTER
Switching frequency fix 1300 1500 1700 kHz
Maximum duty Dmax - 97 - %
Bootstrap refresh detection VBooT_ReFRESH Vecor-Vix when LSFET refresh - 3 - %

pulse is requested, Vin=5V

DCDC CONVERTER BUCK MODE OPERATION

HSFET over-current detection current Thsrer_ocp 6 7.5 - A

LSFET under-current detection current Tisrer_uce From sync mode to non-sync - 100 - mA

mode
DCDC CONVERTER BOOST MODE OPERATION

Battery low-voltage detection voltage in

boost Voresriv Vearr falling 3.1 3.2 3.3 \Y
Hysteresis on Voraerly Voteerv_Hys | Vear rising - 200 - mV
Boost converter output voltage VBoosT ReG In=0 4.9 5.0 5.1 \
. TsoosT1 REG01[0] =0 0.5 - - A
Boost converter current ability
Isoost2 REGO1[0] =1 1.3 - - A
Boost converter output over-voltage _
detection voltage VBoost_ovp 5.3 5.5 Vv
LSFET over-current detection current Lisrer_ocp 3.2 4.6 - A
HSFET under-current detection current Tnsrer_uce - 100 - mA
. IrsreT_ocp1 REGO1[0] =0 0.6 1.0 1.4 A
RBFET over-current detection current
IrereT_ocr2 REGO1[0] =1 1.4 1.8 2.2 A
REFLDO
VRer1 Vuin = 10V, Irer = 40mA 4.8 5.2 5.5 \Y
REFLOD output voltage
Vrer2 Vuin = 5V, Irer = 20mA 4.75 4.85 - \"
REFLDO current ability Trer Vvin = 10V, Vrer = 3.8V 50 - - mA
REFLDO start delay time trerDELAY - 220 - ms
LOGIC INPUT AND OUTPUT (INT#, OTG, EN#, STAT#)
Low level input voltage Vio - - 0.4 \"
High level input voltage Vit 1.3 - - \
Open drain pin output voltage Vout 1o Sink current = 5mA when pin="L" - - 0.4 \
Input leakage current Isas Pull up rail 1.8V - - 1 MA

e e e e e e
8
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Parameter Symbol Test Conditions Min. Typ. Max. | Units
DIGITAL CLOCK AND TIMER
Clock frequency fok 35 70 105 kHz
Timer accuracy ErIMER Acc r:’:,‘f: d;_?AE;f;’egfiﬁ'Ziggry%zafeW -15 - 15 %
INT# output pulse width tinr - 256 - Hs
I2C INTERFACE (SDA, SCL)
Input voltage L Vi VPULL-UP = 1.8V, SDA and SCL - - 0.4 \
Input voltage H Vi VPULL-UP = 1.8V, SDA and SCL 1.3 - - \"
SDA low level output voltage VoL Sink current = 5 mA - - 0.4 \
High level input current Isias VPULL-UP = 1.8V, SDA and SCL - - 1 MA
Clock frequency fscL - - 400 kHz
Data transfer wait time taur 1.3 - - Hs
SCL start hold time tho;sTA 0.6 - - Hs
SCL low level hold time tow 1.3 - - Hs
SCL high level hold time theH 0.6 - - Hs
Start condition setup tsu;sta 0.6 - - Hs
SDA data hold time th; DAT 0 - - Hs
SDA data setup time tsu;pat 100 - - ns
SDA,SCL rise time tr - - 300 ns
SDA,SCL fall time tr - - 300 ns
Stop condition setup time tsu;sto 0.6 - - Hs
t
BUE t |
| — == = x 4
P S Limssta Lrow Liip;par Lyiren Lsuspar Lsussma Sr Lsy;s10 P
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7. TYPICAL CHARACTERISTICS
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VIN REF SYS IBATT VIN REF SYS IBATT
5.0 V/div 5.0 V/div 2.0 V/div 500 mA/div 5.0 V/div 5.0 V/div 2.0 V/div 500 mA/div
Man : 6.25 M i 50ms/div Main :6.25 W 100ms/dv
I o)
N
VBA'I'I' = 3.2V VBA'I'I' = 3.2V
Charge Enable Charge Enable
Figure 7. VIN ON Figure 8. VIN OFF
EN# STAT# LX IBATT EN# STAT# LX IBATT
H Main : 6.25 W k k k 1ms/div Main : 250 k k k Dus/div
Vvin = 5V, Vearr = 3.2V Vvin = 5V, Vearr = 3.2V
Figure 9. Charging Start 1 Figure 10. Charging Stop 1
EN# STAT# LX IBATT EN# STAT# LX IBATT
5.0 V/div 5.0 V/div 5.0 V/div 500 mA/div 5.0 V/div 5.0 V/div 5.0 V/div 500 mA/div
Man £ 6.25 W : : ms/div Mo s 12N : 20us/dv

L \1IiH'I-H[II 000 5 Hi

Vvin = 5V, Vearr = 3.8V

Figure 11. Charging Start 2

Vvin = 5V, Vearr = 3.8V.

Figure 12. Charging Stop 2
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8. FEATURE DESCRIPTION

MM3659 is “4.5A switch mode charge control IC with power path with USB OTG". It has Built-in four power FETSs, such as input
reverse blocking FET (RBFET), high-side switching FET (HSFET), low-side switching FET (LSFET), battery FET (BATTFET), and
also built-in a bootstrap diode for driving the HSFET. MM3659 has REFLDO as an internal regulator, it is for power supply of the
many internal circuits. In addition, because it is output to the REF terminal, you can use the battery temperature detected with a
thermistor.

8-1. Power-on Reset (POR)

Some of the internal circuit, such as main logic will work with either the higher voltage of the input power source (VIN terminal)
or the battery (BATT terminal). If any of the voltage enters the I2C communication operating range (= Vvin_uvioz Or Veart_uvioz),
it will be in the state capable of I2C communication. In this case, I2C registers are reset to their default values. It is to be noted,
12C register is also writing "1" in I2C Reset (REGO01[7]), will be reset to their default values.

8-2. Default mode and Host mode
MM3659 has a built-in watchdog timer. You can set the time of watchdog timer by WATCHDOG register (REG05[5:4]).

It called a state in which the watchdog timer is operating as the host mode, WD_FAULT (REG09[7]) is set to "0". It called a state
in which the watchdog timer is the time is up as the default mode, WD_FAULT (REG09[7]) is set to "1".

After POR, MM3659 will start in default mode. When you do something of I2C writing in the default mode changes to the host
mode. When it becomes to host mode the watchdog timer starts operation, if the watchdog timer is the time is up return to the
default mode. In order to maintain the host mode, the watchdog timer is set the WDT Reset (REG01[6]) to "1" before the time
is up, or disable the watchdog timer by WATCHDOG (REGO05[5:4]) to "00". It should be noted, WDT Reset (REG01[6])
automatically returns to "0".

Basically, MM3659 will still be controlled by the 12C master, state the 12C master does not exist, and even in a state such as 12C
master cannot be started for the battery voltage is low, it is possible to perform a charging operation as a default mode.

POR
watchdog timer expired
Reset registers
12C interface enabled

Yes Host Mode
Start watchdog timer [«
Host programs registers
WDT Reset?

No

Watchdog Timer
Expired?

Figure 13. Watchdog Timer Flow Chart

Default Mode
Reset watchdog timer
Reset registers

8-3. MM3659 Start-up sequence

The MM3659’s start-up sequence is divided into two types of "start-up by the battery (BATT)" and "start-up by the input power
source (VIN)".

8-3-1. Start-up by the battery (BATT)

The input power is not connected, and the battery the battery over-discharge detection voltage (= Vearr_or.) Or more is connected,
MM3659 will supply power to the system from the battery by turning on the BATTFET. In addition, when running only in the
battery, by OTG start condition is satisfied and then transition to the boost mode.

BATTFET forced OFF

When BATTFET_Disable (REG07[5]) ="1", you can OFF forcibly the BATTFET. When the BATTFET forced OFF does not perform
charging and discharging of the battery.
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Shipping mode

When the input power is not connected, BATTFET forced OFF and SDA = SCL = "L", MM3659 is not done power supply to the
system to enter the shipping mode. This time, MM3659 minimize the consumption current from the battery. At the same time,
by disabling the watchdog timer, it is possible to minimize consumption current permanently. In this way, such as during
shipping, MM3659 minimize the discharge of the battery during the after set completion to actually operating the set.

BATTFET over-current protection (BATTFETOCP)

Such as the SYS terminal to ground fault, when the discharge current flowing to the BATTFET exceeds the BATTFET over-
current detection current (= Iparrrer_oce), MM3659 do latch-OFF the BATTFET. In order to release the latch OFF, you must
disconnect the input power.

8-3-2. Start-up by the input power source (VIN)

When connect the input power source, MM3659 will start the step-down DCDC converter and supply power to the system after
perform the three steps of "REFLDO start", "bad adapter detection" and "input power source determination".

Start-up the REFLDO

When you connect the input power, REFLDO that is internal regulator will start at first. REFLDO is the power of many internal
circuits, such as DCDC converter. Start-up conditions of REFLDO are as follows.

-VIN voltage is in the I2C communication operating range (VIN> Vyin_uvioz)
-VIN voltage is higher than the BATT voltage (VIN> BATT + Vinper)
-The above two conditions are maintained during 220msec

Bad adapter detection

After REFLDO has started, perform the detection operation to make sure that the input power is not a bad adapter. Conditions
that are determined to be normal adapter, is as follows.

-The input power supply has the current capability or more of the bad adapter detection current (= Igapsrc)
-VIN voltage is lower than the VIN overvoltage detection voltage (VIN <Vacov)

How to check the current capability of the input power is that it does not fall below the bad adapter detection voltage (=
Vvinvin) When pulling out the bad adapter detection current (= Isapsrc) during the bad adapter detection time (= teapsrc). If it
is determined that the bad adapter lack current capability, MM3659 repeats the current capability confirmation operation every
2sec.

When it is determined that the normal adapter, MM3659 outputs an INT# interrupt signal and then to PG_STAT (REGO08 [2])
= "1".

Input Power Supply Detect

After the input power is determined to be normal adapter, MM3659 will determine the initial value of the input current limit
value by performing the input power source discrimination. When the input power determination is completed, the output of
the INT# interrupt signal, and then DCDC converter will start.

MM3659 performs the input power supply detect using the D+/D- terminals, conform to the Primary Detection of Battery
Charging Specification1.2 (BCS1.2). Determination by D+/D- terminals has two steps of Data Contact Detect (DCD) and Primary
Detection.

DCD is a step of detecting the connection of the D+/D- terminals. Internal circuit at the time of the DCD is as shown in Figure
14. When the D+ terminal maintain the low during DCD deglitch time (= tpcp), MM3659 will determine that D+/D- terminals is
connected. Then move on to the next step. DCD time-out (= tocpour) time has elapsed without the detection, the input power
supply detect will be terminated to not move to the next step.

Primary Detection is the distinguishing step into two types of "Standard Down Stream Port (SDP)" and "Dedicated Charging
Port (DCP) / Charging Down Stream Port (CDP)". Internal circuit at the time of the Primary Detection is as shown in Figure 15.
After the elapse of Primary Detection deglitch time (= terip), if the D- pin is to low MM3659 will determine the SDP (= USB
Host), if high DCP / CDP (= Charging Port).

By the above determination result and the logic of OTG terminal the initial value of input current limit will be determined. In
addition, MM3659 will display the discrimination results to VIN_STAT(REGO8 [7: 6]) (Table 1).
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Viec_H

Ipp_sre

D+ O - V 4}—) Main Logic D+ O
DAT_REF_DCD —_

D- D- O Y _{>—> Main Logic
DAT_REF_PRID —

RDM_DWN IDM?SINK
Figure 14. Block Diagram in DCD Figure 15. Block Diagram in Primary detection
Table 1. USB D+ /D- Detection
D+/D- DETECTION OoTG INPUT CURRENT LIMIT REGO08[7:6]
0.5 sec timer expired in DCD _

(D+/D- floating) 100mA 00
USB Host Low 100mA 01
USB Host High 500mA 01
Charging Port - 1.5A 10

HiZ state

Result of the input power source discrimination, input current limit is set to 100mA, and when the BATT voltage is higher than
the Good-Battery detection voltage (= Vearrep), and then transition to the HiZ state. When it comes to HiZ state, MM3659 stops
REFLDO and DCDC converter, and supplies the power from the battery to the system.

After the transition to the HiZ state, by EN_HIZ(REG00[7]) to "0" or removing the input power, MM3659 will be released from
the Hiz state. If you release the HiZ state by removing the input power, EN_HIZ(REGO00[7]) will be automatically set to "0".

It should be noted, also possible to EN_HIZ(REG00[7]) set to "1", you can transition to the HiZ state.

Forced Input Power Supply Detect

When DPDM_EN(REG07[7]) set to "1", you can do to force the input power supply detection. After the input power supply
detection is completed, automatically DPDM_EN(REGO07[7]) returns to "0". When done the forced input power supply detection,
MM3659 is not able to transition to the HiZ state by the results.

The value of input current limit

The initial value of the input current limit is determined by the results of the input power supply detection, and will be reflected
in IINDPM(REGO00[2: 0]). When the input current limit is set to 900 mA or less (IINDPM[2: 0] = 000 to 011), increase the ON
resistance of the RBFET to increase the current detection accuracy.

Also input current limit is possible to put a clamp by resistor connected between ILIM and PGND terminal. Clamp value by the
ILIM pin is estimated by the following calculation formula. The actual input current limit value will be set to whichever smaller
IINDPM(REGO0[2: 0]) or clamp value (Irm).

1v
Inm = ——— X Kpm
ILIM

It should be noted that, by checking the voltage of the ILIM terminal, you can grasp the input current in a simple manner.
Calculation formula for determining the input current from ILIM terminal voltage is as follows. When ILIM terminal voltage is
higher than the 1V is ready to DPM function is operating.

Vium
Iyin= —— x1I
VIN ™ ILIM
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8-3-3. Step-down DCDC converter operation (Buck mode)

When the input current limit value is determined by the input power source discrimination, the step-down DCDC converter starts
and supplies the power to the system. If the charge condition is satisfied, also performs the charging operation at the same time.

Order to perform a soft start of the SYS voltage, when the SYS voltage <2.2V MM3659 will reduce the input current to the system
start-up input current limit (= In_start). In addition, in order to improve the efficiency at light loads, if detects a light load when
"BATT voltage = Minimum system operating voltage (= Vsys_miv) or less”, and “IINDPM setting = more than 500mA", MM3659
will automatically transition to the PFM control. PFM control of MM3659 is carried out in a pulse-skipping type, switching duty
ratio is determined by the ratio of the VIN voltage and SYS voltage.

System over-voltage protection (SYSOVP)

When the step-down DCDC converter is operating, MM3659 is monitoring the SYS voltage, stops the switching operation when
the SYS voltage exceeds the value of the overvoltage. At the same time MM3659 also pulls current 30mA to the internal, to
prevent over-voltage destruction of the post-stage device that is connected to the SYS terminal.

8-3-4. Step-up DCDC converter operation (Boost mode)

MM3659 has a boost DCDC converter mode (USB On-The-Go) with the Battery power. The Conditions to become a boost mode
is as follows.

-Running with only the battery

-BATT voltage is above the battery low-voltage detection voltage in boost (BATT> Voreariv)
*CHG_CONFIG (REG01[5:4]) is set to "10" or "11"

*OTG terminal is High

In boost mode, MM3659 will output a voltage (= Vsoost rec) to VIN terminal. And VIN_STAT (REGO08[7:6]) become "11". In
addition, in order to improve the efficiency at light loads, if detects a light load MM3659 will automatically transition to the PFM
control.

Output over-voltage protection at the boost mode (OTGOV)

MM3659 monitors the VIN voltage at the boost mode, when the VIN voltage exceeds the OTG output overvoltage (=Vsoost_ove),
to stop the boost DCDC converter, and exit from the boost mode. In addition, outputs INT# the interrupt signal, and
BOOST_FAULT (REG09[6]) is set to "1".

Output over-current protection at the boost mode (RBFETOCP)

At the boost mode, when the output current from the VIN terminal exceeds the RBFET over-current (=Irsrer oce), it will be the
over-current judging. When the over-current judging is 20msec continue, MM3659 stops the switching operation, outputs the
INT# the interrupt signal, and BOOST_FAULT (REGQ9[6]) is set to "1". However, resumes the switching operation after 30msec
stop. In the case that the over-current is continued such as VIN pin is grounded, the switching operation will repeat stop and
resume. RBFET over-current (=Irerer_ocp) is possible to change in BOOST_LIM (REGO1 [0]).
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8-4. System power management

MM3659 will supply the power from either or both of the input power and the battery to the system.

8-4-1. Architecture of Narrow VDC

MM3659 is equipped with Narrow VDC architecture that system and battery have been separated by a BATTFET. Voltage supplied
to the system is controlled to BATT+100mV. However, at the same time, for it is controlled so as not to fall below a minimum
system operating voltage (=Vsvs_min) set by SYS_MIN (REGO01[3:1]), if the battery voltage is low, the voltage supplied to the
system is kept constant.

Not in charging

-In the case of BATT<VSYS_MIN, SYS voltage is controlled to VSYS_MIN+100mV. (In VSYSMIN Regulation)
-In the case of BATT>VSYS_MIN, SYS voltage is controlled to BATT+100mV. (Not In VSYSMIN Regulation)

In charging

-In the case of BATT<VSYS_MIN, MM3659 is kept the SYS voltage to VSYS_MIN + 100mV, controls the BATTFET to linear,

performs linear charging operation.
-In the case of BATT>VSYS_MIN, MM3659 is the BATTFET in full ON, performs switching charge operation by the step-down

DCDC converter. SYS voltage is BATT voltage plus the voltage generated in BATTFET on-resistance (= Ron_garrrer) and the
charging current.
Also, by reading the VSYS_STAT (REGO08 [0]), you can see the status of the SYS.

Vsys min*1.02 Vsys mn*1.04
(BATT=H—L) (BATT=L—H)

45  BATT+100mV
J - BATT+(Rongarrren)*Icis)
1
4.3 o
Charge Enabled T~ '/
4.1 ”l
> i N 74
> Charge Disabled N~ -
o 3.9 s
2 Vg
o ’
> 3.7
)
2 1. Vsvs_mm+100mV
3.5 van Vsys_mv (12C default=3.5V)
3.3
3.1

27 29 31 33 35 37 39 41 43
BATT voltage [V]

Figure 16. SYS Voltage Chart
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8-4-2. Dynamic Power Management (DPM)

In order to comply with the current limit of the USB standard, also, because of the adapter over-current protection, MM3659 is
monitoring the voltage and current of the VIN terminal, it is the control of the following.

-As the VIN voltage does not drop below the voltage set by VINDPM (REG00[6:3]), MM3659 decreases the charging current.
-As the VIN current does not increase from the current set by IINDPM (REG00[2:0]), MM3659 decreases the charging current.

Please note because the IINDPM also be affected clamp value set by the ILIM terminal.

When the DPM function is operating, DPM_STAT (REGO08[3]) is set to "1". In addition, the count rate of the charging timer is cut
in half, also it will not be carried out end-of-charge decision.

If the charging current reaches zero and the DPM function is continued operation, SYS voltage will drop.

8-4-3. Battery Support

If the SYS voltage reaches the battery support start voltage lower than the BATT voltage (SYS <BATT-Vsys_garr), MM3659 will
enter the battery support mode. In the battery support mode, MM3659 provides power from both of the input power supply and
battery by turning ON the BATTFET, to prevent a reduction in the SYS voltage. However, if the BATT voltage is below the battery
over-discharge detection voltage (= Vearr_ppL), it does not go into the battery support mode.

In the battery support mode, SYS voltage is controlled linear by BATTFET so that the voltage dropped battery support voltage
than BATT voltage.

1100mA

[ &%) / For example ]

Charge Current setting = 512mA 900mA
USB Current limit = 900mA
SYS_MIN setting = 3.5V Tsys
Battery voltage= 3.2V (=SYSLOAD) ~ 400mA
OmA
900mA
Iviv
512mA
Iearr
positive: charge
negative:discharge 0mA
-200mA
3.6V
3.5V
Vsys
3.17v
3.11v

DPM Battery ppm
Support

Figure 17. DPM and Battery Support
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8-5. Charge control

8-5-1. Charge control cycle
When the step-down DCDC converter is operating, charging operation works by the following conditions are satisfied.

- Battery temperature abnormality is not occurring
-CHG_CONFIG (REG01[5:4]) is set to "01"

-EN# terminal is Low

-Not to force OFF the BATTFET

The charge control of the MM3659 is general CCCV control. Because many of the parameter regarding the charge control is
possible to modify with I2C, MM3659 corresponds to various applications. In addition, charge state is indicated to
CHG_STAT(REGO8[5:4]). Charge state is output to also STAT# terminal. While charging STAT# will be "L”, while not charging
and end-of-charge it will be “H”, if occurrence of the charge error it will blink. Refer to Figure 18 for charge timing chart, Table 2
for charging parameter.

Furthermore when DPM function or thermal regulation is operational, count speed of the charge timer is cut in half, also end-of-
charge detection becomes unable to do.

M FIOLEE FhREE [SEXRE IR SERE (BRXE)
Initialaize  Trickle charge Pre-charge Fast charge End-of-charge Fast charge(Re-charge)

Status < > >l > P— S i
CHG_STAT < “00” i 01”7 i 017 i “10” i “11” 5
(=REGO08[5:4]) < I A—— >< P €
— TG E R )
FEEHIEE S No Charge |_
Charging Enable Charging /;,
Icr (512mA - 4544mA, 64mA step) -
[
“\
FEE \
Charge current \‘
[y
Irreaic (128mA - 2048mA, 128maA step) \‘
'~
Troc (128mA - 2048mA, 128mA step) M3
Igartstorr (100mA)
/L
(0OmA) Vi
VBATTREG (3504V - 4400V, 16mvV Step)
~ Vrecrs %
Vearnowv (2.8V - 3.0V, 0.2V step) (Disable or 300mV)
BATTEE Veartstorr (2.0V)
BATT voltage
— /L
STAT#ﬂﬁ"ﬁ% Hi-Z 7
STAT# pin L . !

Figure 18. Charge Timing Chart
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Table 2. Charging Parameter

Parameter Symbol I2C REG | I2C Default I2C setting range
Trickle charge current IgaTTSHORT - 85mA -
Pre-charge current IprecHG REG03[7:4] 256mA 128~2048mA, 128mA step
Fast charge current Iche REG02[7:2] 832mA 512~4844mA, 64mA step
End-of-charge current Iroc REGO03[3:0] 256mA 128~2048mA, 128mA step
Battery short detection voltage VBATTSHORT - 2.0V -
Battery low-voltage detection voltage Vearriowv | REGO4[1] 3.0V 2.8~3.0V, 0.2V step
Constant voltage control voltage Veatrree | REG04(7:2] 4.304V 3.504~4.400V, 16mV step
Recharge detection voltage VRECHG REGO04[0] Disable Disable or 300mV

Battery over-voltage protection (BATTOVP)

When the step-down DCDC converter is operating, MM3659 is monitoring the BATT voltage. When the BATT voltage exceeds
the battery overvoltage detection voltage (=Veatrove), MM3659 stops the switching operation and discharge from the battery
preferentially. At the same time MM3659 also sink current 30mA inside, prompting a recovery from an over-voltage condition
of the battery.

If the battery is later inserted into the BATT terminal while the step-down DCDC converter is operating, there is a possibility
that power supply to the SYS terminal will stop for about 1 ms due to the battery overvoltage protection function detecting the
ringing occurring at the BATT terminal There is so, please be careful.

8-5-2. Charging current reduction option
You can reduce the charging current by 50PCT(REGO02[0]) set to "1".

Because the end-of-charge detection is performed even if the charging current is reduced by this function, the charging operation
may stop by the end-of-charge detection. If not want the end-of-charge detection, please set to EN_TERM(REG05[7]) "0".

8-5-3. Impedance compensation of charge route

In fact of the application, impedance such as contact resistance of the connector, the sense resistor in the battery pack, the ON
resistance of the protection FET exists in the charge current route. Because this impedance is to shorten the period of the CC
control, and lengthen the period of CV control, it will be the charge complete time becomes longer.

By setting this impedance to BATT_RES(REGO06[7:5]) as a parameter, MM3659 lifts the CV control voltage by taking into account
the voltage drop caused by the charging current and impedance, and by lengthen the period of the CC control, possible to carry
out the reduction of the charging time. In addition, lifted voltage is safe since it is possible to apply a clamp by set to
BATT_VCLAMP(REG06[4:2]), Actual CV control voltage is, you will be asked by the following formula.

Veartrec_actual = Vearrres_r2c + Min(( Icg actuar X BATT_RES ), BATT_VCLAMP )
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8-5-4. Battery temperature detection

There are two thermistor connection pin TS1 and TS2. The device charging operates with JEITA battery temperature profile by
short TS1 and TS2. When not use TS2 thermistor, the device charging operates with Hot/Cold battery temperature profile.

ATF—=HR Cold !Cool! Normal ' warm Hot
Status —> P« >l ,
NTC_FAULT \\101" :\\01 ].”II \\000" : \\100" : \\110"
(=REG09[2:0]) ——>€> < P> < P> <
c | | | |
V=Vearrree — — — - " -
MM3659 | ! —I'
REF | AY |
,RTl CV=Vearrres -160mV — — —| — +rH-———/—-——1T1T
T BB : : 1
Charging voltage YA | ! A
TS1 Z[:: | | | |
TS2 3 I | | |
CC= 10f (Taus OF recus) = — — JI— - : —————
:ERTZ TC | vl |
7 CC= 0.5 of (Ieu Or Iprece) — — — T :_ - 1" - - - -
PGND T—< FEER | |
Charging current YA | | AY
| |
[ 5%%E 5l / for example ] | | | |
RT1 = 3.9k ohm ' ' ' '
RT2 = 33k ohm LT T2 13 T4
NTC = TH05-3H103F — 0°C_10%C 45°C 60°C!
(Mitsubishi Materials) H—= 248 / Thermistor temperature (Typ.)
Figure 19. Circuit around TS1/TS2 with JEITA Battery Temperature Profile
AF—H2 Cold ! Normal I Hot
Status > < > <
NTC_FAULT \\001" : \\000" : \\010"
(=REG09[2:0]) » <€ > <
| |
YV A TTREG e ——
MM3659 l
REF
<;RT3 <;RT1
T3 FBEE i}
Charging voltage YA A

TS1 I I
TS2 j:—o I 1

CC= 1 of (Icig OF IpRecHG) — — — Jrr———— — — — — —

Rra LRm LNTC

AAA
VVV.

AA
\4

MA
v

PGND (r FEEE |
Charging current YA A

[ 5&7%E I / for example ]
RT1 = RT3 = 6.8k ohm ' '
RT2 = 620k ohm 1 4

RT4 = 10k ohm ; H
NTC = THO5-3H103F A0C _ 45!
(Mitsubishi Materials) H—Z2%BE | Thermistor temperature (Typ.)

Figure 20. Circuit around TS1/TS2 with Hot/Cold Battery Temperature Profile
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8-5-5. #FEERHEIE / End-of-charge detection

EHEEABEAEREEEZ LE-TOARET, REERFBREREERETELE. BREIAVET. BREUEL.
EN_TERM(REGOS[7]) T 21- BAAWIUB A S, "I OB BRBHEAD. 0 OBICHEBHERNIHYET  BREH R
MOBE . KB T—BIA LT YT HETIO—T 4T RBOREIAYET .

If to be state the battery voltage is above the recharge detection voltage, and the charge current is less than the end-of-charge
detection current, it will be the end-of-charge. The end-of-charge determination is switched valid or invalid in EN_TERM
(REGO5[7]), when “1” it will be the end-of-charge detection valid, when “0” it will be the end-of-charge detection invalid. In the
case of f the end-of-charge detection invalid, it will be in the state of floating charge until the charge timer is up.

8-5-6. End-of-charge indicator threshold

When TERM_STAT(REGO5 [6]) is "1" and the charging current less than 800mA charge current detection (=Iterm_sooma) OCCUr,
STAT# goes “H”. Charging operation continue until be end-of-charge. If disable end-of-charge detect function, while STAT#
becomes "H", will be in the state of floating charge until the charging timer expiration.

8-5-7. Charging safety timer

In MM3659, There are two timers that pre-charge timer and fast charge timer. Pre-charge charge timer also counts up during the
trickle charge. Fast charge timer at the time of the host mode, can be changed by I2C.

When charge timer expiration happen, stop charging operation and CHG_FAULT (REG09 [5: 4]) is set to "11". In addition, go to
HiZ state when charging timer expiration in default mode or pre-charge timer expiration with VIN supply detected as USB100mA
in default mode.

During charging current reduced with DPM or thermal regulation, the charging timer counts at half clock rate except the case that
VIN supply detected as USB100mA in default mode. Also, if you TMR2X_EN(REGO07 [6]) set to "0", the count rate in either mode
remains unchanged.

Charging timer of each mode, operation when timer expiration happens, the clock rate in DPM or thermal regulation is as Table
3.

EN_TIMER(REGO5[3]) is enable bit of charging timer, “1” is enable, “0” is disable.

After charging timer expiration, reset charging timer to restart charging cycle by any of the following.

-Start new charging cycle (VIN power remove and insert, recover from HiZ state)
-Toggle EN# High to Low

-Write CHG_CONFIG(REGO05[3]) from “00” to “01”

-Write EN_TIMER(REGO5[3]) to “0”

-Write I12C Reset(REG01[7]) to "1”

Table 3. Charging Safety Timer

Parameter Default mode Default mode Host mode
(USB100mA) (not USB100mA)
Pre-charge Timer ih ih
Total 45min (Max.)

Fast charge Timer 5h REG05[2:1] setting

Pre-charge Timer expiration Charging stop
HiZ state Charging stop

Fast charge Timer expiration HiZ state
In DPM or Thermal regulation Use original clock Use half clock Use half clock
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8-6. Status output

8-6-1. PG_STAT
PG_STAT(REGO08[2]) indicate the state of VIN supply connection. It is set to "1" when meet the following conditions.

-VIN voltage is in the I2C communication operating range (VIN> Vvin_uvioz)

-VIN voltage is higher than the BATT voltage (VIN> BATT + Vinper)

-The input power supply has the current capability or more of the bad adapter detection current (= Igapsrc)
-VIN voltage is lower than the VIN overvoltage detection voltage (VIN <Vacov)

8-6-2. STAT#
STAT#IRFIEFREREZRRL. REPRE L. RELTOEVROEREDRELH", FELS—ORITRBLET,

STAT# pin indicate the state of charge. It goes "L” while charging, “"H” when not-charging or end-of-charge, and blink when
charging error.

Table 4. STAT# Pin State
CHARGING STATE STAT#

Charging in progress (including recharge) Low

Charge Disable

Charging complete High

Input over-voltage
Safety timer expiration
Battery over-voltage in Buck Converter mode
NTC fault (TS1/TS2 Cold or Hot)

blinking at 1Hz

8-6-3. INT#

To eliminate the need for the microcontroller to constantly monitor the status of the MM3659, the MM3659 outputs a Low pulse
signal with an INT# output pulse width (=t from the INT# pin to notify the microcontroller when the following events occur.
Some conditions can be masked by 12C.

@ POR occurs

@ Logic of the OTG terminal changes

@ Input Source Qualification completes

@ Logic of PG_STAT (REG08[2]) changes

® Charge completes

® The battery voltage crosses Vearr or. (rising or falling)

@ WATCHDOG_FAULT (REG09[7]), becoming Fault state

BOOST_FAULT (REGO09[6]), becoming Fault state

©® CHARG_FAULT (REG09[5:4]) becomes Fault state (with REG07[1] masking possibility)
BAT_FAULT (REG09[3]) becomes Fault state (with REG07[0] masking possibility)
@ NTC_FAULT (REG09[2:0]) becomes Fault state (Cold or Hot)

@~ are factors that display the Fault in the fault register. If INT# interrupt occurs on these factors, any INT# interrupt would
not occur, until goes to condition that the Fault information is not been latched.

8-6-4. Fault register (REG0O9h)

When Fault occurs except NTC_FAULT, the information is latched in the fault register. The information does not update until the
Read Fault register. For example, when BATT voltage rise; BATTOVP occur; BATT voltage fall and release BATTOVP. The first
Read is Fault, the second Read is Normal. Like this, the first reads fault register status from the last INT# and the second reads
the current fault register status. For NTC_FAULT, it does not have this latch function. At any time, display the information at the
time of the fault register reads.
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8-7. Protect functions

8-7-1. Clamp of input current limit value

Input current limit is possible to put a clamp by resistor connected between ILIM and PGND terminal. Clamp value by the ILIM
pin is estimated by the following calculation formula. The actual input current limit value will be set to whichever smaller
IINDPM(REGO00[2:0]) or clamp value (IILIM).

1v
Iim = ——— X Kum
ILIM

It should be noted that, by checking the voltage of the ILIM terminal, you can grasp the input current in a simple manner.
Calculation formula for determining the input current from ILIM terminal voltage is as follows. When ILIM terminal voltage is
higher than the 1V is ready to DPM function is operating.

Vim
Iy= —  «1
VIN v ILIM

8-7-2. Thermal Regulation

When the step-down DCDC converter is operating, MM3659 is monitoring the junction temperature, TREG(REG06[1:0]) do the
thermal regulation control so as not to exceed the temperature that can be set in. During thermal regulation operation,
THERM_STAT(REGO8[1]) is set to "1". In addition, the count rate of the charging timer is cut in half, it will not be carried out also
fully charged decision.

8-7-3. Thermal shutdown

In order to prevent the MM3659 from thermal destruction, it has a built-in thermal shutdown circuit, will go into thermal shutdown
when the junction temperature exceeds about 160°C. When thermal shutdown, stop the DCDC converter. In addition,
CHG_FAULT(REGO09[5:4]) is set to "10". In addition, thermal shutdown will be operating in the state that exceeds the absolute
maximum rating. Therefore, please avoid application designed to actively use this feature.

8-7-4. Input power source over-voltage protection (VINOVP)

When the VIN voltage exceeds the VIN overvoltage detection voltage (= Vacov), to stop the switching operation. In addition,
output INT# interrupt signal, CHG_FAULT (REG09[5:4]) is set to "01".

8-7-5. System over-voltage protection (SYSOVP)

When the step-down DCDC converter is operating, MM3659 is monitoring the SYS voltage. When the SYS voltage exceeds the
value of the overvoltage, MM3659 stops the switching operation. At the same time MM3659 also pulls current 30mA to the internal,
to prevent over-voltage destruction of the post-stage device that is connected to the SYS terminal.

8-7-6. Output overvoltage protection at the boost mode (OTGOV)

MM3659 monitors the VIN voltage at the boost mode, when the VIN voltage exceeds the OTG output overvoltage (=Veoost ovp),
to stop the boost DCDC converter, and exit from the boost mode. In addition, outputs INT# the interrupt signal, and
BOOST_FAULT (REGO09[6]) is set to "1".

8-7-7. Output over-current protection at the boost mode (RBFETOCP)

At the boost mode, when the output current from the VIN terminal exceeds the RBFET over-current (= Irerer oce), it will be the
over-current judging. When the over-current judging is 20msec continue, MM3659 stops the switching operation, outputs the
INT# the interrupt signal, and BOOST_FAULT (REG09[6]) is set to "1". However, resumes the switching operation after 30msec
stop. In the case that the over-current is continued such as VIN pin is grounded, the switching operation will repeat stop and
resume. RBFET over-current (=Irerer ocp) is possible to change in BOOST_LIM (REGO1 [0]).

8-7-8. Battery over-voltage protection (BATTOVP)

When the step-down DCDC converter is operating, MM3659 is monitoring the BATT voltage. When the BATT voltage exceeds the
battery overvoltage detection voltage (=Vearrovr), MM3659 stops the switching operation and discharge from the battery
preferentially. At the same time MM3659 also sink current 30mA inside, prompting a recovery from an over-voltage condition of
the battery.

If the battery is later inserted into the BATT terminal while the step-down DCDC converter is operating, there is a possibility that
power supply to the SYS terminal will stop for about 1 ms due to the battery overvoltage protection function detecting the ringing
occurring at the BATT terminal There is so, please be careful.

8-7-9. BATTFET over-current protection (BATTFETOCP)

Such as the SYS terminal to ground fault, when the discharge current flowing to the BATTFET exceeds the BATTFET over-current
detection current (= Igarrrer_ocp), MM3659 do latch-OFF the BATTFET. In order to release the latch OFF, you must disconnect the
input power.
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8-8. I2C communicate function

8-8-1. About 12C-bus

12C BUS is inter bus system controlled by 2 lines (SDA, SCL). Data are transmitted and received in the units of byte and
Acknowledge. It is transmitted by MSB first from the Start condition.

The protocol of Read and Write of MM3659 are as in the figures below.

méjﬂm;m;w
jWW hWX ope{or ), k)

SDA |HiZ Hiz Hiz Hiz
@Slave \ / | |

Start SIavzﬁ;:It(;ress Write Slave Register Address Slave Register Data Slave Stop
condition [1101 011] Ack (8bit) Ack (8bit) Ack  condition

Figure 21. 1byte Data Write

WMMMJU%ULW

i i i i i i
SDA HiZ HiZ HiZ HiZ HiZ HiZ
J u J vy L
Start Slav%ti(:;iress Write Slave Register Address  Slave Regl(sgz:ﬁData Slave Regl(ssts:t)Data Regl(sgsirt)Data Slave Stop
condition Ack (8bit) Ack Ack Ack condition

[1101 011] (Address +0) (Address +1) (Address +n—1)

Figure 22. n bytes Data Write

< L JUUUL JUUUL Ms
o[\ FLE ~Er =N "\
L o

Start Slave A.ddress . Slave Register Address Slave  Start Slave A.ddress Slave Reglster Data Master Stop
condition (7bit) Write Ack (8bit) Ack condition (7bit) Read Ack (8bit) No Ack condition
[1101 011] [1101 011]

Figure 23. 1byte Data Read

mmmmmﬂmw

SDA |HiZ Hiz Hiz < x x DO> H|Z‘ 07 x x ’ < x x Do ’ Hiz
@Slave \_/ \_l

Slave Address

Start (7bit)  Slave Register Slave  Start Slave A.ddress Slave Reglster Data Master Reglster Data Reglstelr Data Master Stop
condition Write Ack Address Ack condition (7bit) Read ck (@bit) Ack (8bit) (@bit) No Ack condition
(1101 011] (8bit) [1101 011 (Address +0) (Address +1)  (Address +n-1)

Figure 24. n bytes Data Read
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8-8-2. I’C Register MAP

b07 b06 boS5 bo4 b03 b02 b01 b0
Slave R=1
Address 1 1 0 1 0 1 1 W=0
ooh | EN_HIZ VINDPM[3:0] TINDPM([2:0]
0lh | I2CReset | WDT Reset CHG_CONFIG[1:0] SYS_MIN[2:0] BOOST _LIM
02h ICHG[5:0] 50PCT
03h IPRECHGI[3:0] ITERM[3:0]
8| oan BATTREGIS5:0] BATTLOWV | RECHG
©
©
T osh | EN_TERM | TERM_STAT WATCHDOG[1:0] EN_TIMER CHG_TIMER[1:0]
-
%)
2| o6h BATT_RES[2:0] BATT_VCLAMP[2:0] TREG[1:0]
07h | DPDM EN | TMR2x EN | BATTFET_ INT_MASK[1:0]
Disable
THERM_
08h VIN_STAT[1:0] CHG_STAT[1:0] DPM_STAT | PG_STAT i VSYS_STAT
BOOST_
0oh | wb_FAuLT oot CHG_FAULT[1:0] BATT_FAULT NTC_FAULT[2:0]
0Ah PN[5:0]

Register Address 00h~07h : Readable and Writable
Register Address 08h~0Ah : Read Only (Write data is ignored)
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8-8-3. I’C Register Description

Register Address 00h (REG00)

R/W EN_HIZ R/W VINDPM[3:0]
00h b07 Status 00h b06 | bO5 | b04 | b03 Vv
default 0 Disable default 0 0 0 0 3.88
1 Enable 0 0 0 1 3.96
0 0 1 0 4.04
R/W IINDPM[2:0] 0 0 1 1 4.12
00h b02 b01 b00 mA 0 1 0 0 4.20
0 0 0 100 0 1 0 1 4.28
0 0 1 150 0 1 1 0 4.36
0 1 0 500 0 1 1 1 4.44
0 1 1 900 1 0 0 0 4.52
1 0 0 1200 1 0 0 1 4.60
1 0 1 1500 1 0 1 0 4.68
1 1 0 2000 1 0 1 1 4.76
1 1 1 3000 1 1 0 0 4.84
1 1 0 1 4.92
1 1 1 0 5.00
1 1 1 1 5.08
Register Address 01h (REG01)
R/W 12C Reset R/W WDT Reset
01h b07 Status 01h b06 Status
default 0 Keep current default 0 Normal
1 Reset to default 1 Reset WDT
R/W CHG_CONFIG[1:0] R/W SYS_MIN[2:0]
01h b05 b04 Status 01h b03 b02 b01 Vv
0 0 Charge Disable 0 0 0 3.0
default 0 1 Charge Battery 0 0 1 3.1
1 0 OTG 0 1 0 3.2
1 1 OTG 0 1 1 3.3
1 0 0 3.4
R/W BOOST_LIM default 1 0 1 3.5
01h b00 mA 1 1 0 3.6
0 500 1 1 1 3.7
default 1 1300

Register Address 02h (REG02)

R/W ICHG[5:0]
02h b07 | b06 | b05 | b04 | b03 | b02 mA
0 0 0 o 0 0 0 512 ~ 4544 mA
1 1 1 1 1 1 (64mA step)
default 0 0 0 1 0 1 832 mA
R/W 50PCT
02h b00 Status
default 0 ICHG
1 50% of ICHG

ENEEEEEEEEEEEEE
[ | | HEEEEE
ENEEEEEEEEEEEEE
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Register Address 03h (REG03

R/W IPRECHG[3:0] R/W ITERM[3:0
03h b07 | b06 | b05 | b04 mA 03h b03 | b02 | b01 | b00 mA
0 0 0 0 128 0 0 0 0 128
default 0 0 0 1 256 default 0 0 0 1 256
0 0 1 0 384 0 0 1 0 384
0 0 1 1 512 0 0 1 1 512
0 1 0 0 640 0 1 0 0 640
0 1 0 1 768 0 1 0 1 768
0 1 1 0 896 0 1 1 0 896
0 1 1 1 1024 0 1 1 1 1024
1 0 0 0 1152 1 0 0 0 1152
1 0 0 1 1280 1 0 0 1 1280
1 0 1 0 1408 1 0 1 0 1408
1 0 1 1 1536 1 0 1 1 1536
1 1 0 0 1664 1 1 0 0 1664
1 1 0 1 1792 1 1 0 1 1792
1 1 1 0 1920 1 1 1 0 1920
1 1 1 1 2048 1 1 1 1 2048

Register Address 04h (REG04)

R/W BATTREG[5:0]
04h b07 | b06 | b05 | b04 | b03 | b02 Vv
0 0 0 o 0 0 0 3.504 ~ 4.400 V
1 1 1 0 0 0 (16mV step)
1 1 1 0 0 1 Ignored
1 1 1 0 1 0 Ignored
1 1 1 0 1 1 Ignored
1 1 1 1 0 0 Ignored
1 1 1 1 0 1 Ignored
1 1 1 1 1 0 Ignored
1 1 1 1 1 1 Ignored
default 1 1 0 0 1 0 4.304 V
R/W BATTLOWV R/W RECHG
04h b01 \ 04h b00 mV
0 2.8 default 0 Disable
default 1 3.0 1 300
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Register Address 05h (REG05

R/W EN_TERM R/W TERM_STAT
05h b07 Status 05h b06 Status
0 Disable default 0 Match ITERM
default 1 Enable 1 Below 800mA
R/W WATCHDOG[1:0] R/W EN_TIMER
05h b05 b04 sec 05h b03 Status
0 0 Disable 0 Disable
default 0 1 40 default 1 Enable
1 0 80
1 1 160 R/W CHG_TIMER[1:0]
05h b02 b01 hours
0 0 5
default 0 1 8
1 0 12
1 1 20

Register Address 06h (REG06

R/W BATT_RES[2:0] R/W BATT_VCLAMP[2:0
06h b07 b06 b05 mohm 06h b04 b03 b02 mV
default 0 0 0 0 default 0 0 0 0
0 0 1 10 0 0 1 16
0 1 0 20 0 1 0 32
0 1 1 30 0 1 1 48
1 0 0 40 1 0 0 64
1 0 1 50 1 0 1 80
1 1 0 60 1 1 0 96
1 1 1 70 1 1 1 112
R/W TREG[1:0]
06h b01 b00 °C
0 0 60
0 1 80
1 0 100
default 1 1 120

Register Address 07h (REG07)

R/W DPDM_EN R/W TMR2X_EN
07h b07 Status 07h b06 Status
default 0 Not in detection 0 Disable
1 Force detection default 1 Enable
R/W BATTFET_Disable R/W INT_MASK][1]
07h b05 Status 07h b01 Status
default 0 Allow BATTFET turn on 0 No INT during CHG_FAULT
1 Turn off BATTFET default 1 INT on CHG_FAULT
R/W INT_MASK[0]
07h b00 Status
0 No INT during BATT_FAULT
default 1 INT on BATT_FAULT

ENEEEEEEEEEEEEE
[ | | HEEEEE
ENEEEEEEEEEEEEE
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Register Address 08h (REG08

R VIN_STAT[1:0] R CHG_STAT[1:0]
08h b07 b06 Status 08h b05 b04 Status
0 0 Unknown 0 0 Not Charging
0 1 USB host 0 1 Pre-charge
1 0 Adapter port 1 0 Fast Charging
1 1 OTG 1 1 Charge Done
R DPM_STAT R PG_STAT
08h b03 Status 08h b02 Status
0 Not in DPM 0 Not Power Good
1 In VINDPM or IINDPM 1 Power Good
R THERM_STAT R VSYS_STAT
08h b01 Status 08h b00 Status
0 Normal 0 Not in VSYSMIN regulation
1 In Thermal regulation 1 In VSYSMIN regulation
Register Address 09h (REG09
R WD_FAULT R BOOST_FAULT
09h b07 Status 09h b06 Status
0 Normal 0 Normal
1 Watchdog timer expiration 1 VIN OCP or OVP
R CHG_FAULTT[1:0] R BATT_FAULT
09h b05 b04 Status 09h b03 Status
0 0 Normal 0 Normal
0 1 Input fault 1 BATTOVP
1 0 Thermal shutdown
1 1 Safety timer expiration
R NTC_FAULT[2:0]
0%h b02 b01 b00 JEITA Cold/Hot
0 0 0 Normal Normal
0 0 1 N/A Cold
0 1 0 N/A Hot
0 1 1 Cool N/A
1 0 0 Warm N/A
1 0 1 Cold N/A
1 1 0 Hot N/A
1 1 1 N/A N/A
Register Address 0Ah (REGOA)
R/W PN[5:0]
0Ah b05 | b04 | b03 | b02 | b0l | b00 -
0 1 1 0 0 1 MM3659C
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9. TYPICAL APPLICATION CIRCUIT

MM3659CR
USB Connector 1.0uH
VBUS [] * VIN LX » System
D- [ —L ILIM |
b+ E !1“F 353Q 47nF 40UF
GND 77_ (1.5A) BOOT (
1" o
BATT O—e¢ —
10UF | Li-ion Battery
! 10uF e
¢ b REF O—
e a7 7
Y VY >
+—>() SCL §3.9k§2
»() SDA Ts1
MCU _ E'Elr# T2 O—e

(System) > OTG

« PGND

< STAT# 33kQ NTC(10k<)

< INT #

Figure 25. Typical application circuit

These circuits are typical examples provided for reference purposes, so in actual applications, the circuit constants, conditions
and operations should be thoroughly studied. Mitsumi Electric Co., Ltd. assumes no responsibility for any trouble or damage as a
result of the use of these circuits. Mitsumi Electric Co., Ltd. assumes no responsibility for any infringement of industrial property
or any other right of a third party or us, as a result of the use of these circuits.
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