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Supercapacitor charge/discharge control IC for power supply backup
MM4039XR

This is a control IC that manages the charging and discharging of power backup supercapacitors in both 3.3V and 5V
systems. Its function is to charge the supercapacitor while simultaneously supplying power from the input power supply to
the system. In the event of a power supply failure, it seamlessly switches to backup operation, supplying power from the
supercapacitor to the system. During a power outage, the IC will switch to backup operation and use power from the super
capacitor to sustain the system. This allows for a safe shutdown of the microcontroller, memory, and other components.

Applications

Surveillance cameras, Industrial IoT equipment, SQFN-24A (4.0mm x 4.0mm x 0.75mm)

HandE Terminal for business usei Caiacitor UPSI etc.

1. Easily enables power supply backup applications using
supercapacitors

Built-in charge pump to drive the input load switch

Input current distribution function that prioritizes system power
supply (IINDPM function)

4. 13V input rating with input over voltage protection

5. Input overcurrent protection

6. Small package (4.0mm x 4.0mm x 0.75mm)

7. Operating ambient temperature Ta=-40~105°C
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1. BLOCK DIAGRAM
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2. PIN CONFIGURATION
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3. PIN DESCRIPTION
Pin No. Pin Name Pin Description
System protection function indicator. It is NMOS open drain output. "Hi-Z" in normal operation,
1 ALARMB o - . .
Low" in protection operation. For details, see 8-7-2 on page 15.
2 BAL Cell balance pin. When CELL = "H" (two-cell selection), the midpoints of the two supercapacitors
is connected. When CELL = "L" (one-cell selection), it is open or connected to GND.
3,4 LX DC-DC converter inductor connection pin.
5 SCAP Supercapacitor connection pin. Connects the positive side of the supercapacitor.
System connection pin. In charging mode, this pin is the power input pin for charging. In backup
6,7 SYS R .
mode, this pin serves as the power output pin for the system.
Feedback pin for backup boost DC-DC converter. Connect resistor Rgak: to SYS and resistor Rgak2
8 BAKFB .
to GND. For details, see 8-4 on page 14.
Charge pump output pin for driving input load switch. Connects to the gate of an external
9 INSW
NchFET.
Input current sense negative pin. Connect sense resistor Rsns to CSP. For details, see 8-3-1 on
10 CSN
page 13 and 8-7-2 on page 15.
Input current sense positive pin. Connect sense resistor Rsys to CSN. For details, see 8-3-1 on
11 Csp
page 13 and 8-7-2 on page 15.
12 VIN Input power supply connection pin.
Input power supply detection pin. Connect resistor Ry to VIN and resistor Ryivz to GND. For
13 VINDET .
details, see 8-2 on page 13 and 8-6-1 on page 15.
14 ISET Charging current setting pin. Connect resistor Riser to GND. For details, see 8-3-1 on page 13.
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Pin No. Pin Name Pin Description
Mode switching dead time setting pin. Connect capacitance Ccrive to GND. For details, see 8-4
15 CTIME
on page 14.
16 CHGENB Active-low charge operation enable pin. "H/L" input.
17 BAKENB Active-low backup operation enable pin. "H/L" input.
18 VINGD VINDET voltage indicator. NMOS open drain output. For details, see 8-6-1 on page 15.
19 SYSGD SYSDET voltage indicator. NMOS open drain output. For details, see 8-6-2 on page 15.
20 SCAPGD CHGFB voltage indicator. NMOS open drain output. For details, see 8-6-3 on page 15.
21 FAULTB Supercapacitor protection indicator. For details, see 8-7-1 on page 15.
22 CELL Supercapacitor one-cell / two-cell selection pin." H/L" input. For details, see 8-1 on page 13.
23 CHGFB Feedback pins for charge buck DC-DC converter. Connect resistor Rcrgi to SCAP and resistor
Rcre2 to GND. For details, see 8-3-1 on page 13.
System voltage detection pin. Connect resistor Rsys: to SYS and resistor Rsys, to GND. For detail,
24 SYSDET
see 8-6-2 on page 15.
Exposed GND Ground pin. It also serves as a heat radiation PAD. It is recommended to connect to the board
pad ground plane.
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4. ABSOLUTE MAXIMUM RATINGS
(Unless otherwise specified : Ta = 25°C)

Parameter Symbol Min. Max. Units
Storage temperature Tstg -55 150 °C
Junction temperature Timax -40 150 °C
ALARMB, VIN Vinmaxi -0.3 13 Vv
Input voltage
Other than above Vinwax -0.3 6 Vv
Sink current ALARMB, VINGD, SYSGD, SCAPGD Isinkmax - 15 mA
Power dissipation Board mounted(*1) Pd - 2.5 W
(*1) Board size : 70 mm x 70 mm x 0.8 mm  Material : glass epoxy Layer : 4 Layers Copper foil area : 90%
5. RECOMMENDED OPERATING CONDITIONS
(Unless otherwise specified : Ta = 25°C)
Parameter Symbol Min. Max. Units
Operating ambient temperature(*2) Topr -40 105 °C
Junction temperature Tj -40 125 °C
Input voltage VIN Vv 3 5.6 Vv
Buck converter (Charging current) Toutt - 2.5 A
Output current
Boost converter (Backup current) Toum2 - 2.5 A
ISET resistor Riser 0.96 4.8 kQ
(*2) Board size : 70 mm x 70 mm x 0.8 mm  Material : glass epoxy Layer : 4 Layers Copper foil area : 90%
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6. ELECTRICAL CHARACTERISTICS

(Unless otherwise specified : Vvin =5V, Vscap = 2.5V, Ta = 25°C)

Parameter Symbol Test Conditions Min. Typ. Max. Units
CURRENT CONSUMPTION
) (The higher voltage of Vviv and Vsys
Power-on reset Vpor and Vo) rising 2.5 2.6 2.7 \Y
o | VINpin, Vuw =5V, CELL = "H, - 120 200 LA
charging terminated
SYS pin, Wuin =5V, Vsys =5V,
Isvst CELL = "H", charging terminated, - 95 160 HA
o . BAKENB = "L"
Current consumption in charging mode -
SYS pin, Win =5V, Vsys =5V,
Isvs2 CELL = "H", charging terminated, - 5 10 HA
BAKENB = "H"
SCAP pin, Vuin = 5V, Vscap = 4.5V, )
Iscwet CELL = "H", charging terminated 2:5 > KA
SYS pin, Vuin = 0V, Vscap = 4.5V, )
o Tovss CELL = "H", converter not switching 65 110 WA
Current consumption in backup mode -
1 SCAP pin, Vuin = 0 V, Vscap = 4.5V, ) 1 2 A
ScAP2 CELL = "H", converter not switching H
VIN pin, Wiin = 5V, Vscap = 4.5V, )
o a1 CHGENB = BAKENB = CELL = "H" 40 60 WA
Current consumption in shutdown mode -
1 SCAP pin, Win = 5V, Vscap = 4.5V, ) 35 7 A
sces CHGENB = BAKENB = CELL = "H" : H
CSP pin + CSN pin,
Discharge current in shutdown mode Ics Vesp = Vesn =5V, - 10 20 mA
CHGENB = BAKENB = CELL = "H"
CHARGING MODE (BUCK SWITCHING)
Input current limit regulation voltage Vinppm Vesp - Vesn 18.8 20 21.2 i\
CHGFB servo voltage VEs(cHa) 788.5 800 811.5 mV
CHGFB input leakage current Trs(cHo) -40 - 40 nA
SCAP regulation voltage setting range VReG_RNG 2 - 4.5 Vv
Charge current setting range Icre_RrnG 0.5 - 2.5 A
Charge current formula Iere Vscar = 2.8V 2400 / Riser A
IcHe Acct Vscap = 2.8 V, Riser < 2 kQ -5 - +5 %
Charge current accuracy 1 (% of setting)
IcHe Ac2 Vscar = 2.8 V, Riser 2 2 kQ -7.5 - +7.5 %
VSCAP = 28 V
ex) when Riser < 2 kQ
Charge current accuracy 2 (offset) Icwc_orrseT Min. - -5% -40 mA -40 - 40 mA
Max. : +5% +40 mA
ISET servo voltage ViseT(CHG) Viser when charging with Icie _ 800 - mV
. When detect Viser < Veoc , . -
Full charge detection voltage Veoc full charge is determined. 100 mv
Full charge detection deglitch time teoc - 5 - ms
Recharge detection voltage Vieare x:(‘sc:z)fa"'”g' As Percentage to 96.25 | 975 | 9875 | %
Recharge detection deglitch time trecre - 5 - ms
BAL servo voltage Veaw -50 )‘(/S(CJAPS +50 mvV
S= -1+
TLNSUR ) —2ABiR IsaLsource Vscap = 4.5V, VeaL = Veav - 0.1V - 50 - mA
BAL source current
BAL sink current IsaLsing Vscap = 4.5V, VeaL = Veav + 0.1V - 50 - mA
SYS-SCAP differential UVLO Vuvio(cre) (Vsvs - Vscap) falling 10 50 90 mv
Hysteresis on Vuvio(che) Vuvoeie)nvs | (Vsys - Vscap) rising 100 150 200 mV
Switching frequency in charging mode fix(cHe) 2 2.25 2.5 MHz
ON resistance of HSFET in charging mode Ris(cHe) - 135 - mQ
ON resistance of LSFET in charging mode Rus(cre) - 55 - mQ
Charge overcurrent detection Tocp(cHe) 3 4.5 - A

[
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Parameter Symbol Test Conditions Min. Typ. Max. Units
(Vscap - VeaL) rising or VeaL rising,
Charge overvoltage detection Vscapovp CELL = "H" 2.6 2.7 2.8 Vv
Vscap rising, CELL = "L"
Hysteresis on Vscarovp Vscapovp_Hys - 60 - mV
BACKUP MODE (BOOST SWITCHING)
BAKFB servo voltage Vra(eak) 781 800 819 mvV
BAKFB input leakage current Trp(eaK) -40 - 40 nA
Backup output voltage setting range Veak_RNG 2.7 - 5 \Y
UVLO in backup mode Vivo s,:gi)hfiglﬂﬁ;"c"tage of Vss and 235 | 245 | 255 v
Hysteresis on Vuvioak) Vuvio(eak)_Hvs - 0.15 - \Y
Switching frequency in backup mode fix(eak) 1 1.125 1.25 MHz
ON resistance of HSFET in backup mode Rus(eak) - 55 - mQ
ON resistance of LSFET in backup mode Ris(ak) - 55 - mQ
Backup overcurrent detection Tocp(eak) 5.5 6.5 7.5 A
Backup overvoltage detection Vsvsovp Vsys rising 5.3 5.5 5.7 Vv
Hysteresis on Vsysove Vsvsovp_ys - 0.1 - Vv
Backup input low-voltage detection VscapLvp é\ésff’: \../;A..L) falling or Ve falling, 0 60 - mv
Hysteresis on Vscapivp VscapLve_Hys - 50 - mV
Mode switching dead time terve Cermve = 1 nF - 1.9 - ms
VIN pulldown resistance Rumneut ?:]‘”21: dz \s/witching dead time - 150 - Q
VOLTAGE DETECTION COMPARATOR
VINDET detection voltage VVINGDDET Vumoer falling 945 960 975 mV
Hysteresis on Vvineooer VVINGDDET_HYS - 40 - i\
VINDET input current Tvinoer -40 - 40 nA
SYSGD detection voltage VsvsGpDET Vsysper rising 740 760 780 mV
Hysteresis on Vsysepper VsySGDDET_HYs - 20 - mV
SYSGD detection deglitch time tsvsper - 100 - Hs
SYSDET input leakage current Isvsper -40 - 40 nA
SCAPGD detection voltage Viscapoer x::z:z)rismg' As Percentage to 9125 | 925 | 9375 | %
Hysteresis on Vscapoer VscappeT_Hs - 2.5 - %
SCAPGD detection deglitch time tscappeT - 100 - us
CHARGE PUMP FOR EXTERNAL FET
INSW output voltage Vivsionn A B I IR
INSW current capability Tinsw Vinsw = Vinswour x 0.9 - 5 - HA
INPUT OVER VOLTAGE PROTECTION
Input OVP voltage Vinove Vv rising 6.0 6.3 6.6 \
Release voltage on Vmove Vivovere | Vv falling 5.6 5.7 5.8 "
INPUT OVER CURRENT PROTECTION
Input OCP detection voltage Vinoce (Vesp - Vesn) rising 30 40 50 mV
Input OCP detection deglitch time tmvoce - 5 - ms
THERMAL SHUTDOWN
Thermal shutdown temperature TsHut Temperature increasing - 160 - °C
Hysteresis on Tswut TsHuT_HYS - 15 - °C

LOGIC INPUT AND OUTPUT

. CELL pin, CHGENB pin, BAKENB i )
Low level input voltage Vio pin, FAULTB pin 0.4 Vv
CELL pin, CHGENB pin, BAKENB
pin, FAULTB pin

High level input voltage Vit
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Parameter

Symbol Test Conditions Min. Typ. Max. | Units

VINGD pin, SYSGD pin, SCAPGD

Output voltage at sink Vou pin, ALARMB pin - - 0.4 \"
at low, Sink current = 5 mA
VINGD pin, SYSGD pin, SCAPGD

Input leakage current Tieax pin, ALARMB pin, FAULTB pin - - 1 HA
at Hi-Z, Pin = 5V

FAULTB pulldown current TpuLLDowN Veaurs = 0.4V 6 10 14 HA
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7. TYPICAL CHARACTERISTICS

SYSTEM load current [A]
Vwin = 5V, Vscap = 2V, Rsns = 8 mQ, Riser = 1.15 kQ
Figure 5. IINDPM function and Input OCP
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VIN SYS SCAP ICHG VIN SYS SCAP ICHG
1.0 V/div__ 1.0 V/div__ 1.0 V/div_ 500 mA/div 2 s/div 1.0 V/div__ 1.0 V/div__ 2.0 A/div 5 s/div
L . 25/div! . s/ div!

T— i i = Power disconnection
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______ _K_F_u"c_harg_e_ SRR NSNS o _I_
...... - / - - - ﬁ DiSCharg

Vreg = 4.5V, Riser = 1 kQ, SCAP = 10 F x 2 Vreg = 4.5V, Riser = 1 kQ, SCAP = 10 F x 2,
Vvin = OPENto 5V SYSTEM load = 500 mA, Vyin = OPEN to 5 V to OPEN
Figure 19. Power on and Charging mode Figure 20. Power on and disconnection
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Vreg = 4.5V, SCAP=10F x 2, SYSTEMload =1 A Vscap = 2.8 V, Veak = 5.0 V, without PFFET
Vvin = 5V to OPEN Vvin = OPENto 5 V
Figure 21. Power disconnection and Backup mode Figure 22. Power connection during backup w/o PFFET
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Vscap = 3.5V, Veak = 5.0V, Csys = 100 pF, L = 2.2 pH Vscap = 3.5V, Veak = 5.0V, Csys = 100 pF, L = 2.2 pH
SYSTEM load = 50 mA to 2 A to 50 mA SYSTEMload =1Ato2Ato 1A
Figure 23. Transient response in Backup mode 1 Figure 24. Transient response in Backup mode 2
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8. DESCRIPTION OF FUNCTIONS

The MM4039 is a supercapacitor charging/discharging control IC for power supply backup in 3.3 V and 5 V systems.

It charges the supercapacitor while providing power from the input power supply to the system, and if the input power supply is
lost, it seamlessly shifts over to backup operation, wherein power is supplied from the supercapacitor to the system. Embedded
with a charge pump circuit for driving the external NchFET of the input load switch, a charging buck DC-DC converter, and a
backup boost DC-DC converter, it enables you to easily created power supply backup circuits. The DC-DC converters are both
synchronous rectifier types with backflow prevention, and are highly efficient. The product supports one-cell and two-cell
supercapacitors, and is embedded with a cell balance function for two-cell usage.

PFFET RBFET

INPUT r\_:_l_-‘—o-f\{/s\';,—o—'-_‘:_l—' SYSTEM
1
|
Ay

-

MM4039

EgP Cgﬁ INSW  SYS ‘
"T$ VIN Rsyst § § Reak1
R SYSDET 3 lP——I
VIN1
;;E BAKFB
VINDET
R CTIME Rsysz Reakz
CCTIME;;
SCAP
VINGD HCELL
SYSGD BAL Super
! LCELL
MPU SCAPGD capadtor Retat
(SYSTEM) ALARMB
FAULTB CHGFB
CHGENB ISET R
CHG2
BAKENB R
GN D ISET
SYS CELL

Figure 25. Typical circuit example

8-1. CELL pin
The MM4039 supports one-cell and two-cell supercapacitor, and this is selected based on the CELL pin.

- For one-cell supercapacitor: Connect the CELL pin to GND, and use CELL = "L".
- For two-cell supercapacitor: Connect the CELL pin to SYS, and use CELL = "H".

8-2. Input Power Supply Detection

The MM4039 judges whether an input power supply is connected or not based on the voltage at the VINDET pin. It operates in
charging mode if a power supply is connected, and in backup mode if not. The input power supply detection threshold value
(=Vinoerh) is set by the external resistance Ryini and Ryina.

VinoertH = Vvineoper X (1 + (Rvint / Rvinz))

8-3. Charging Mode

If the input voltage exceeds the input power supply detection threshold value (=VipermH), the charge pump is activated and the
external NchFET is turned ON, beginning power supply from the input power supply to the system load.

While the external NchFET is ON, if the two conditions below are simultaneously met, then the charging buck DC-DC converter
charges the supercapacitor, using the SYS pin as the power supply.

- The charging operation is enabled at the CHGENB pin. (CHGENB = "L")
- The SYS voltage is higher than the SCAP voltage. (Vsvs > Vscar + Vuvio(cHa))

8-3-1. CCCV Charging

The CCCV charging operation is performed using the charging current (=Icxc) set by the external resistance Riser and the charging
control voltage (=Vrec) set by the external resistance Rcrei and Rehca.

Icne = 2400 / Ryser
Vree = Vracrg) X (1 + (Reret / Reng2))
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IINDPM Function

The charging current is reduced and the power supply to the system load is prioritized so that the sum of the system load
current and the SYS current for charging does not exceed the input current limit (=Ium) set by the external resistance Rsps.

Imnum = Vimoem / Rsns

Charging Current at Low SCAP Voltage

If the SCAP voltage is low (Vscap < 1 V), the charging buck DC-DC converter becomes unable to maintain the linearity of the
PWM control. Therefore, the output current may overshoot or undershoot the set Icyc.

1.0 A/div_] 50 ps/div  ENNITV 50 ps/div 1.0 A/div_] 50 ps/div _

NN

Vv1N =5 V, VSCAP =0 V, ICHG = 500 mA V\/IN =5 V, Vs@p =0 V, ICHG = 1500 mA VVIN =5 V, Vsc/.\p =0 V, ICHG = 2500 mA
Figure 26. Charge current waveform at low SCAP voltage

8-3-2. Full Charge

In CV charging operation, the charging current decreases. In conjunction with this, the ISET voltage decreases. When the ISET
voltage becomes equal or less than the full charge detection voltage (=Veoc) (deglitch time: teoc), the charge is deemed full and
the charging operation stops. See Figure 14, Figure 16 and Figure 18 on page 11 for the charge current values at which a full
charge is determined. If the charging current is decreased by the IINDPM function, the judgment for full charges is not performed.

8-3-3. Recharging

After a full charge, if the CHGFB voltage is detected (deglitching time: trechc) to have fallen below the recharging detection voltage
(=VRrecre), the charging operation is restarted.

8-3-4. Cell Balance Function

During the charging mode when CELL = "H" (two-cell selection), servo control is performed on the BAL pin to the cell balance
control voltage (=VgaLy) in order to equalize the voltages of HCELL and LCELL of the supercapacitor. The source function and the
sink function of the BAL pin correspond to Ieasource and Isaisink, respectively. The cell balance function operates during CCCV
charging and during a full charge.

When CELL = "L" (one-cell selection), this function does not operate. Leave the BAL pin open, or connect it to GND.

8-4. Backup Mode

If the input voltage falls below the input power supply detection threshold value (=ViperH), the charge pump is stopped and the
external NchFET is turned OFF.

While the external NchFET is OFF, if the two conditions below are simultaneously met, then the backup boost DC-DC converter
starts up and supplies power to the system load (performs the backup operation), using the supercapacitor as the power supply.

- The backup operation is enabled at the BAKENB pin. (BAKENB = "L")
- The SYS voltage or SCAP voltage is higher the UVLO during backup. ((Vsys or Vscap) > Vuviosak))

The backup output voltage (=Vsak) is set by the external resistance Reaki and Rgako.
Veak = Vrseaky) X (1 + (Reaki / Reak2))

In backup mode, the product automatically shifts to PFM control if a light load is detected in order to improve efficiency under
light loads.

Mode Switching Dead Time

When transitioning from charging mode to backup mode, ringing may occur on the input side due to the sudden stop of current
from the input power supply to the system load. To prevent this ringing from causing repeated switching between charging
and backup modes, a dead time is provided immediately after switching to backup mode. During this time, the device is in
backup mode and the VIN pulldown resistance (=Rvmpui) on the VIN pin is activated, discharging the VIN. The dead time for
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switching to this mode (=tcrive) is determined by the external capacitance Cerime.

terme = Cermve X 1.9 x 109

8-5. Shutdown Mode

Setting both the CHGENB and BAKENB pins to "H" will put the product into shutdown mode. In this mode, the charge pump,
external NchFET, charging buck DC-DC converter, and backup boost DC-DC converter will stop operating, regardless of the input
voltage or supercapacitor voltage.

8-6. Voltage Detection Indicators

8-6-1. VINGD pin

The VINGD pin is the VINDET voltage indicator for the NMOS open drain output. If the VINDET voltage exceeds the VINDET
detection voltage (=VvinepoeT), then "Hi-Z" is output, and if it falls below it, then "Low" is output.

8-6-2. SYSGD pin

The SYSGD pin is the SYSDET voltage indicator for the NMOS open drain output. If the SYSDET voltage is detected (deglitching
time: tsysper) as having exceeded the SYSGD detection voltage (=Vsvseoper), then "Hi-Z" is output, and if it is detected (deglitching
time: tsvsper) @s having fallen below it, then "Low" is output.

8-6-3. SCAPGD pin

The SCAPGD pin is the CHGFB voltage indicator for the NMOS open drain output. If the CHGFB voltage is detected (deglitching
time: tscapper) @s having exceeded the SCAPGD detection voltage (=Vscarper), then "Hi-Z" is output, and if it is detected (deglitching
time: tscaroer) a@s having fallen below it, then "Low" is output.

8-7. Protect Functions

The MM4039 is embedded with supercapacitor protection, system protection, and DC-DC converter protection. It can prevent
device damage even if errors such as shorted pins occur.

8-7-1. Supercapacitor Protection (FAULTB pin)

The supercapacitor protection includes the "Charging Mode SCAP Overvoltage Protection" and the "Backup Mode SCAP
Overdischarge Protection", and the FAULTB pin is the indicator. The FAULTB pin is the NMOS open drain output. Under normal
conditions, it outputs "Hi-Z", and when the protective function operates, it performs a pulldown using the FAULTB pin pulldown
current (=IpyLbown) and outputs "Low".

If you will not use the supercapacitor protective functions, apply the "H" voltage to the FAULTB pin.

Charging Mode SCAP Overvoltage Protection

During charging mode, if the supercapacitor voltage exceeds the charging overvoltage detection voltage (=Vscarovp), the
charging buck DC-DC converter stops and the FAULTB pin is set to "Low". Overvoltage monitoring is performed separately for
HCELL and for LCELL. This is an automatic-recovery type.

Backup Mode SCAP Overdischarge Protection

During backup mode when CELL = "H" (two-cell selection), if the supercapacitor voltage falls below the backup input low
voltage detection voltage (=Vscapwve), the backup boost DC-DC converter stops and the FAULTB pin is set to "Low".
Overdischarge monitoring is performed separately for HCELL and for LCELL. This is an automatic-recovery type.

When CELL = "L" (one-cell selection), this function does not operate.

8-7-2. System Protection (ALARMB pin)

The system protection includes the "Input Overvoltage Protection", the "Input Overcurrent Protection", and the "Thermal
Shutdown", and the ALARMB pin is the indicator. The ALARMB pin is the NMOS open drain output. Under normal circumstances,
it outputs "Hi-Z", and when the protective function operates, it outputs "Low".

Input Overvoltage Protection

If the VIN voltage exceeds the input OVP voltage (=Viovwe), the charge pump is stopped and the external NchFET is turned
OFF. Furthermore, the charging buck DC-DC converter and backup boost DC-DC converter also stop. This is an automatic-
recovery type.
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Input Overcurrent Protection

If an input current exceeding the input overcurrent value (=Iivocp) set by the external resistance Rsns is detected (deglitching
time: tivoce), then the charge pump output is stopped and the external NchFET is turned OFF. Furthermore, the charging buck
DC-DC converter and backup boost DC-DC converter also stop. This is a latch-off type. In order to release the latch, it must be
deemed that there is no power supply connected by "Input Power Supply Detection" on page 13.

Imvoce = Vinoce / Rsns

Thermal Shutdown

In order to prevent thermal destruction, a thermal shutdown circuit is embedded. If the junction temperature exceeds the
thermal shutdown temperature (=Tshur), then the charge pump output is stopped and the external NchFET is turned OFF.
Furthermore, the charging buck DC-DC converter and backup boost DC-DC converter also stop. This is an automatic-recovery

type.

Furthermore, the thermal shutdown is a function that operates in a range exceeding the absolute maximum rating. Therefore,
please avoid proactively using this function.

8-7-3. DC-DC Converter Protection

Charging Buck DC-DC Converter Output Overvoltage Protection
Refer to "Charging Mode SCAP Overvoltage Protection" on page 15.

Charging Buck DC-DC Converter Overcurrent Protection

In charging mode, if the current that flows through the embedded FET exceeds the charging overcurrent detection current
(=Iocp(cHa)), the switching operation is stopped. This is an automatic-recovery type.

Backup Boost DC-DC Converter Output Overvoltage Protection

In backup mode, if the SYS voltage exceeds the backup output overvoltage detection voltage (=Vsvsove), the switching operation
is stopped. This is an automatic-recovery type.

Backup Boost DC-DC Converter Overcurrent Protection

In backup mode, if the current that flows through the embedded FET exceeds the backup overcurrent detection current
(=Ioceeak)), the switching operation is stopped. This is an automatic-recovery type.
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9. APPLICATION CIRCUIT EXAMPLE

PFFET RBFET
S,
INPUT SYSTEM
L 1 |
MM4039 | 1 l ) 100pF
& oo rew o 7 '
"T‘L VIN 1.05MQ§ T 3pF
120kQ 10pF SYSDET O
% BAKFB (O
VINDET
CTIME 200kQ
30.9kQ 1nF I M
SCAP
VINGD HCELL
SYSGD BAL Saper
; LCELL
MPU SCAPGD capadtor 1.5MQ
(SYSTEM) ALARMB
FAULTB CHGFB
CHGENB ISET 324kQ
BAKENB
GND 1k
SYS CELL
Figure 27. 5 V system, Supercapacitor two-cell
RBFET
3.3V 8mQ
INPUT SYSTEM
0—_‘
MM4039 ) % 100uF
EgP Cgﬁ IN\SJW SYS ‘
"T(L VIN 1.07MQ§ _I_ 3pF
120k 10pF SYSDET ()
% BAKFB ()
VINDET
CTIME 340kQ
53.6kQ 2.2pH
1nF % LX
SCAP
VINGD
SYSGD BAL Super
MPU f\fﬁ;ﬁl‘; capadtor 7;_ ?698@
(SYSTEM)

FAULTB CHGFB
CHGENB ISET
BAKENB

ND CELL

GND

330kQ
1kQ

Figure 28. 3.3 V system, Supercapacitor one-cell without input-OVP function

LI
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10. DIMENSIONS
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11. MARKING CONTENTS

1£y2=2(1-pin Mork)>—~@@)

=0y tNo,(Jote Code)

=—maa5Model No.

Model No.
Model name
1) (2) (3) 4
MM4039XRRE 0 3 9 X
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=

No. ¥l Al

How to identify 3 characteristic lot numbers.

@

@

€)

0

1478
1st digit

2478
2nd digit

(1) BykNo. 1B (D)IFEEEFEB)DKEETRT .
The 1st digit (D) shows the last digit of a production year (western calendar).

3#TH
3rd digit

(2) 2#71B(@). RUBHTB(Q)DEFIF. EEICRITIEEEREZTRT
The 2nd (@) and 3rd (®) digit show a production week of mass production.

[E£EENDRE A E/How to indicate a production year]

1#7B(@)/The 1st digit (D)

BEERE
the last digit of a
production y ear

ERKRTXF
mark

- 1 (TR

WIINE

ISHEH

2478 . RUBHTB(@®)/The 2nd and 3rd digit (2®)

4 EE

AR

production fﬁﬁﬁf;l-\(jc—?— production ﬁﬁﬁfa?f(:!—
week week
1 01 27 27
2 02 | 28 T s
3 03 29 29
""""" 44 | 3 ] 30
5 05 31 31
6 06 32 32
......... L 07 3B 38
8 08 34 34
9 09 35 35
10 10 36 36
11 11 37 37
Y 1277 ] 38 | 38
13 13 39 39
14 14 40 40
15 15 ] 41 ] 41
16 | 6 | 7 R 2
17 17 43 43
18 18 44 a4
19 19 45 45
........ R B R S
21 21 47 47
22 22 48 48
"""" 23 |23 | a9 | a9
"""" 24 |24 | s0 | k0T
25 25 51 51
26 26 52 52
53 53

S A
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