NSSHINBO

High-performance 1-Cell Li-ion Battery Protection IC with Built-in Driver
for High-side Nch FETs and Temperature Protection

No.EA-587-230628

OUTLINE

The R5449Z is one-cell Li-ion / polymer battery protection IC provides overcharge, overdischarge, discharge /
charge overcurrent, and temperature detections. The IC can drive external high-side Nch MOSFETs and
provides a high-accuracy detection at overcharge and overcurrent, and a high-accuracy charge inhibition for
0V battery.

Furthermore, the IC can reduce the supply current after overdischarge detection to a minimum by stopping the
internal circuits. Using the CTL pin can forcefully enter the IC into standby mode.

FEATURES
o Absolute Maximum Rating:«« -+« xeereeriiiniiinn. 6.5V
e Supply Current at Normal Mode «««-+-vevrerveeeneinnin. Typ.5.0 A
o Standby CUITENt: - -« errvrriiiii Max.0.04 pA
Detector Selectable Range and Accuracy (Unless otherwise provided, Ta=25°C)
e Overcharge Detection Voltage -« +o-voveeeiennnn. 4.2V to 4.6V (in0.005V step, 210 mV 1)
¢ Overdischarge Detection Voltage (Vper2) @ ««-veevenen 2.0V 10 3.4V (in 0.005 V step, £35 mV)

e Discharge Overcurrent Detection Voltage (Vpers) -+ 0.012 Vto 0.150 V (in 0.001 V step,
0.012V t0 0.040 V: £2mV /
0.041 V to 0.060 V: +5% /
0.061 V to 0.150 V: £3mV)

e Charge Overcurrent Detection Voltage -+« vvveveneen -0.150 V to -0.012 V (in 0.001 V step,
-0.150 V to -0.061 V: £3mV /
-0.060 V to —-0.041 V: £5% /
-0.040 V to -0.012 V: £2mV)

e Short-circuit Detection Voltage (VsHort) ():-vevmvemveneen 0.032 V to 0.200 V (in 0.005V step, 3 mV)
Vsnort configurable range varies depending on a set value for Vpers.
Vpers Set Value VsHort Configurable Range
0.012V t0 0.033 V 0.032 V to 0.200 V
0.034 V to 0.065 V 0.060 V to 0.200 V
0.066 V to 0.110 V 0.126 V to 0.200 V
0.111 Vto 0.150 V 0.181 V to 0.200 V
e 0V Battery Charge Inhibition Voltage v vennen 1.25V t02.00 V (in 0.05V step, £50 mV)
e Thermal Detection Temperature *) -« voveveiinininnn. 40°C to 85°C (in 5°C step, £3°C)

(1) When 0°C < Ta < 50°C

@) Vper2 requires at least 0.1V higher than Vnocre.

() VsHorr requires at least 15mV higher than Voera.

4 Refer to “Selection Guide” and “Application Information” for details.
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Internal Fixed Output Delay Time

e Overcharge Detection Delay Time:--«-.oooeeveeneeenen. 1024 ms / 2048 ms / 3072 ms / 4096 ms
e Overdischarge Detection Delay Time -« ovovvennn. 16 ms/32ms/ 128 ms
e Discharge Overcurrent Detection Delay Time «----------- 32ms /128 ms /256 ms /512 ms /1024 ms
e Short-circuit Detection Delay Time «---vovvvveninnnnn. 280 us
e Charge Overcurrent Detection Delay Time -+ 8 ms
e Thermal Detection Delay Time «---- oo ovveviininnnnnnn, 128 ms /512 ms / 1024 ms / 4096 ms
e Thermal Release Delay Time -««««-«wcereeeeeaariiiiniinnnn. 128 ms
Optional Functions
e Charge Overcurrent Detection -« -+ vvvvieiinnnnn, Enabled / Disabled
e 0V Battery Charging -« «seereeerreeeannnniiiiii Inhibition
®  OVErCUIrent DEtECHON «««««rrrrrrrrerrmmreeaeiieannenns High-side (RSENS to V+)
© Thermal ProteCHiOn «« -« - e s eeremememmamieaaeiaanannannns Charge and Discharge Current
o External NTC Thermistor () «eeeeeeiiiiiiiiiiiiiiiiiiiii. 100 kQ /470 kQ
e Temperature Monitoring Cycle
NON-SENSE TIME (TTNS) - +++rrrreessrrsrrrmmmerrrraaaans 90 ms /528 ms / 1040 ms
SeNSe TiME (TT8) «++++rrrrrrrrrreeeaneriiiiiiiaieaan, 10 ms
@ CUIMENT SENSE «rrrvrrrrenrnmnenenantetaeeeareeanenens Resistor / FET
APPLICATIONS

e Li+/Li- polymer protector of overcharge, overdischarge, and overcurrent for battery pack
e High precision protectors for smart-phones and any other electronic gadgets using on-board Li+ / Li-
polymer battery

(1) An NTC thermistor, having a reference resistance value of 100kQ or 470kQ +1% at 25°C and B-constant of 4250K+1%,
is required. Refer to “Application Information” for details.
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R5449Z

SELECTION GUIDE

Selection Guide

No.EA-587-230628

Product Name

Package

Quantity per Reel

Pb Free

Halogen Free

R5449Zxxx$*-E2-F/T

WLCSP-8-P8

5,000 pcs

Yes

Yes

xxx: Specify a code combining the following set voltages. Refer to “Product Code List” for details.

$: Specify a code that combines delay times from the table below.

Code tvoer1 |tvoerz |tvoers |tvpets |tvrer1 |tvrerzis|tvrers | tswort| troer | trrer | trs tins
[ms] [[ms] [[ms] |[ms] |[ms] |[ms] |[ms] | [ms] | [ms] | [ms] | [ms]| [ms]
H | 4096 | 32 32 8 16 1.1 1.1 | 0.28 | 4096 | 128 10 90
M | 1024 | 128 | 128 8 16 1.1 1.1 | 0.28 | 4096 | 128 10 90
N | 1024 | 128 | 256 8 16 1.1 1.1 | 0.28 | 1024 | 128 10 528
*: Specify a code that combines optional functions from the table below.
Code Overcharge| Overdischarge Olillesfchui:g(:\t Charge Ove_rcurrent ov Bat?ery Current
Release Release Release Detection Charging | Sense
A Latch Latch Auto Release Disable Inhibition | Resistor
B Latch Latch Auto Release Disable Inhibition FET
C Latch Latch Latch Disable Inhibition | Resistor
D Latch Latch Latch Disable Inhibition FET
E Latch Latch Auto Release Enable Inhibition | Resistor
F Latch Latch Auto Release Enable Inhibition FET
G Latch Latch Latch Enable Inhibition | Resistor
H Latch Latch Latch Enable Inhibition FET

F: LAPIS, T: OUME

The tail-end of the product name provides an identifier for back-end semiconductor companies as follows:
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Product Code List
The product code is determined by the combination of the set voltage, the thermal detection temperature, and

the optional function.

No.EA-587-230628

Product Code Table
Thermal Detection NTC Thermistor
Prc°dd“°t Set Voltage [V] Temperature [°C] [kQ]
ode
Vper1 | Voerz | Voers | Voers | VsHort [VNocHG | Toet1 | Trewt | Toerz | TreL2 RtH
R54497107HE| 4.425 | 2.395 | 0.015 {-0.017| 0.040 | 1.550 75 65 75 65 470
R54497205NE
R54497605NE 4,500 | 2.400 | 0.015 |-0.012( 0.040 | 1.500 75 65 75 65 100
R54497206NE
R54497606NE 4550 | 2.400 | 0.015 |-0.012| 0.040 | 1.500 75 65 75 65 100
R54497204MH| 4.510 | 2.900 | 0.033 |-0.024| 0.070 | 1.500 71 67 71 67 100

Note: The IC requires setting each of threshold temperatures of Toer1 and Toerz, and Trert1 and Trer2 to the
same temperature.

Please contact our sales representatives if required a product code other than the above combinations.
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BLOCK DIAGRAM
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PIN DESCRIPTION

No.EA-587-230628

R5449Z Pin Description

<Top View> <Bottom View>
O O O O
® O O O Of1
D c B A

R5449Z (WLCSP-8-P8) Pin Configuration

Pin No. Symbol Pin Description
A1l VSS Ground pin, the substrate level of the IC
B1 TIN Thermistor input pin for temperature detection
C1 CTL Control input pin for VDET2
D1 RSENS Overcurrent detection input pin
A2 VDD Power supply pin
B2 couTt Overcharge detection pin, CMOS output
Cc2 DOUT Overdischarge detection pin, CMOS output
D2 V+ Charger positive input pin
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ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings (Ta=25°C, Vss =0 V)
Symbol Parameter Rating Unit
Vop Supply Voltage -0.3t06.5 \%
V+ V+ Pin Voltage -0.3t0 30 \%

VRSENS RSENS Pin Voltage -0.31t0 30 \%
V1IN TIN Pin Voltage -0.3t06.5 \%
Vel CTL Pin Voltage -0.3t06.5 \%

Veourt COUT Pin Voltage -0.3to Vob + 6.5 \%

Vbout DOUT Pin Voltage -0.3to Vob + 6.5 \%

Po Power Dissipation Refer to Appendix “Power Dissipation”.
Tj Junction Temperature Range -40 to 125 °C
Tstg Storage Temperature Range -551t0 125 °C

ABSOLUTE MAXIMUM RATINGS

Electronic and mechanical stress momentarily exceeded absolute maximum ratings may cause permanent damage
and may degrade the lifetime and safety for both device and system using the device in the field. The functional
operation at or over these absolute maximum ratings is not assured.

RECOMMENDED OPERATING CONDITIONS

Recommended Operating Conditions

Symbol Parameter Rating Unit
Vb1 Operating Input Voltage 1.5t05.0 V
Ta Operating Temperature Range -40 to 85 °C

RECOMMENDED OPERATING CONDITIONS

All of electronic equipment should be designed that the mounted semiconductor devices operate within the
recommended operating conditions. The semiconductor devices cannot operate normally over the recommended
operating conditions, even if they are used over such conditions by momentary electronic noise or surge. And the
semiconductor devices may receive serious damage when they continue to operate over the recommended
operating conditions.
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ELECTRICAL CHARACTERISTICS

No.EA-587-230628

R5449Zxxxxx Electrical Characteristics (Ta =25°C)
Test
Symbol Parameter Conditions Min. | Typ. | Max. |[Unit|Circuit
&
Vop1 | Operating Input Voltage |Vbob — Vss 1.5 5.0 \% —
Maximum Operating )
e Voltage defined as Vob — Vss, VNocHG VNocHG
VnocHe | Voltage at Inhibition of N N VNocHG V| A
Charging V+-Vss=4V 0.050 + 0.050
Vv Overcharge Detection R1 =330 Q, VDET1 Vv VDET1 Vv A
PET | Voltage 0°C<Tas<50°C® - 0.010[ Y°5™" 1k 0.010
Overcharge Detection _ tvpET tvpeT1
tVDET1 Delay Time Vob=39V —-46V % 0.80 tvpET1 % 1.20 ms B
Overcharge Release Vop=3.9V,
VREL | Delay Time V+=39V 529V 120 1160 | 20.0 jms | C
Overdischarge . VDET2 VDET2
VDET2 Detection Voltage Detect falling edge of Vb | 0035 VDET2 0035 V D
Overdischarge _ tvpET2 tvpeT2
WOET2 | petection Delay Time Voo=3.9V 2.0V x0.80| €12 |x1.20|™ | ©
Overdischarge Release _ _
tvrEL2 Delay Time Voo=39V,V+=0V -39V 0.85 | 1.10 | 1.35 |ms E
0.012V VDET3 VDET3
Vrsens — V+ voltage, to 0.040 V - 0.002 t+ 0.002
v Discharge Overcurrent | Vpp=3.9V, 0.041V VpET3 Vv VpET3 Vv E
PETS | Detection Voltage Detect falling edge of |[t00.060 V |x 0.95| '°*™ |x 1.05
V+ 0.061V VDET3 VpET3
to 0.150 V + 0.003 i+ 0.003
vV Discharge Overcurrent | Voltage defined as V+ - VSS Voo | Voo A/ Vv E
REL | Released Voltage Detect rising edge of V+ -0.18|-0.12 |- 0.06
tVoET3 Discharge Overcurrent | Vpp = Vrsens = 3.9V, tvDET3 ¢ tvbeTs ms G
Detection Delay Time | V+=3.9V —3.9V - Vpers— 0.010V |x0.80| "™ |x1.20
Discharge Overcurrent | VVop= Vrsens = 3.9V,
-0.150V VDET4 VDET4
to -0.061 V|~ 0.003 + 0.003
Charge Overcurrent Vrsens — Vi voltage, -0.060V VDET4 VpET4
VDET4 : Vpp = 3.9V, VpET4 \% w
Detection Voltage Detect rising edae of V+ to —0.041 V| % 0.95 x 1.05
gedg -0.040V VDET4 VDET4
to -0.012 V|~ 0.002 +0.002
Charge Overcurrent Vop = Vrsens = 3.9V,
WPET¢ | Detection Delay Time | V+= 3.9V — 3.9 V - Voerat0.010 v | &4 | 80 | 96 ms | X
Charge Overcurrent Vop = Vrsens = 3.9V,
WRE4 | Release Delay Time | Vi = 3.9V - Voers#0.010 V — 3.7y | 085 | 110 | 135 fms | X
() Refer to Test Circuits.
@) This specification is guaranteed by design, not mass production tested.
8
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R5449Zxxxxx Electrical Characteristics (Continued) (Ta =25°C)
Test
Symbol Parameter Conditions Min. | Typ. | Max. |Unit Cir(c)uit
1
Short-circuit Detection | /RSENs ~ V+ voltage, V/SHORT VsHORT
VsHoRT Voltage Voo = 3.9V, —0.003| VsHORTL 57003 \ F
Detect falling edge of V+ ] ]
A . Vob = Vrsens= 3.9V,
tsHorr g';g; srouttDetection | vy =39 v 210 | 280 | 350 |ps | G
— 3.9V - Vshorr— 0.010 V
Discharge overcurrent _ _
RsHorT release resistance Vop=39V,V+=29V 15 45 70 kQ H
Vereper V+ Voltage for Release | R2 = 1kQ, Voo = 3.9V, Voo | Voo | Voo | |
from Standby Voltage defined as V+ -Vss x04 | x0.5 | x0.7
Charge Pump Output Vob = 3.9V, Vcour / Vbout
V 1 L
BST1 Voltage 1 lcout = Iour = 0 pA 7.4 7.65 Vv J
Charge Pump Output Vob = 3.9V, Vcout / Vbout
V 1 L
BST2 Voltage 2 lcout = lour = —1 A 6.5 6.95 Vv J
Vou1 | COUT Nch ON-Voltage | lo.= 10 YA, Voo=4.7V 0.030 | 0.100 | V K
Vo2t | DOUT Nch ON-Voltage | loL = 10 A, Voo= 1.9V, V+ = Vbp 0.065 | 0.150 | V L
DOUT Nch ON-Voltage | [o. = 1 pyA, Voo = 1.9 V, V+ = Vss
Vorzz (at Standby mode) after tvoerz 0.020 1 0.100 | V M
Vop=V+=3.9V,
IpD1 Supply Current lour = 0 PA 5.0 80 | A N
Istanpey | Standby Current Vop=1.9V 0.04 | pA
T Detection Temperature ToeT T Toett | o c P
PET! | 1 for External NTC @ | COUT Control -30 | P +30
[NTC performance]
Resistance: 470kQ+1% /
Rel T ture 1 100kQ+1% (25°C) T T
elease lemperature B-Constant: 4250K+1% REL1 RELT | o
TREL! | for External NTC @ ’ ~30 | TR 430 © | P
T Detection Temperature ToeT2 T Toet2 °C Q
PET2 | 2 for External NTC @ | DOUT Control -3.0 | 'PF? | +3.0
[NTC performance]
Resistance: 470kQ+1% /
Release Temperature 2 100k0£1% (25°C) T T
u B-Constant: 4250K+1% DET2 DET2 | o
Tret2 for External NTC @ ° -3.0 Toerz | 3.0 C Q
(1) Refer to Test Circuits.
() This specification is guaranteed by design, not mass production tested.
9
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R5449Zxxxxx Electrical Characteristics (Continued) (Ta =25°C)
Test
Symbol Parameter Conditions Min. | Typ. | Max. |Unit |Circuit
60
: - troer troer
troer | Delay Time for Toex Vop=3.9V % 0.80 troer |, 120 | MS R
trre | Delay Time for TreLx Vop=3.9V 102 128 154 | ms R
Temperature Sense _
trs Time Voo=3.9V 8 10 12 | ms S
Temperature Non-sense _ trns trns
s | Time Voo =3.9V x0.80| ™ |x190|™ | S
NTC
_ _ Resistance: 65 150 270
R Internal Resistance for ¥FI3 (_:VT'N ;;9 V_ 470kQ | T
™ | Temperature Sense - /TL:’r\lreCn T'Nt_ NTC
' urren Resistance: 14 35 65
100kQ
Vos Delay Time Shortening | Vpp =3.9V, Vbb Vop v U
Mode Voltage Voltage defined as V+ - Vss +1.4 +2.2
V+ Voltage for Detecting
o Voo =3.9V Vb Vop Vop
Y Standby Volt th ’ Y, U
REOET | Gty YORage WE | voltage defined as V+ - Vss x 0.35 | x 0.45 | x 0.65
Detection Voltage for _ .
Vestoer | COUT / DOUT Boost Vop = 3.9 V, Voltage defined as Vop Vop Vob v v
Vcout — Vss Or Vpout — Vss +08 | +13 | +1.6
Voltage
Pull-up Resistance for
Reru CTL 1.2 3.0 47 |MQ Y
. Vob=3.9V Vb Vob
V CTL Detection Volt ’ Y, Y
CTLDET election vollage Voltage defined as VcrL — Vss -1.6 -0.5
CTL Detection Delay tveTL = tvpeT2 tvpET2 tvpET2
VT | Time Von=3.9V, Vern =39V >0V |x0.80 | M2 [x 120 | ™ | Y
(1) Refer to Test Circuits.
10
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Test Circuits
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THEORY OF OPERATION

VD1: Overcharge Detector

The VD1 monitors the VDD pin voltage (Vob) during charge. When Voo becomes more than or equal to the
overcharge detection voltage (Voer1), the VD1 senses the overcharge condition, the COUT pin becomes Low
and stops charging by turning off an external Nch MOSFET.

After detecting the overcharge, Voo becomes less than Vper1, and the VD1 is released after disconnecting a
charger. The release condition may be not enough depending on the characteristics of external components
such as MOSFETSs, and some load must be set to release the overcharge. Then, the COUT pin becomes High,
and the battery charger can recharge by turning on the Nch MOSFET. In other words, once detecting the
overcharge even if the cell voltage becomes less than Vper1, the battery is not recharged while a charger is
connected to the battery pack. Therefore, there is no hysteresis for the VD1. The V+ pin voltage becomes less
than the discharge overcurrent release voltage (VreLs) by connecting some load, and the overcharge condition
is released.

When Vbop becomes higher than Voet1 and a load is connected to the battery pack without connecting the
charger, the COUT pin becomes Low, and the load current might flow through a parasitic diode of the Nch
MOSFET. When Vop becomes lower than Vper1, the COUT pin becomes High.

Output delay times for overcharge detection and release are internally fixed, respectively.

When Vob becomes higher than Voet1 and then falls below Voert within the overcharge detection delay time
(tvoer1), VD1 does not enter the overcharged condition.

The high level of the COUT pin becomes the approximate value of Vbpx2 (= Vest) because a level shifter is
built in a buffer driver for the COUT pin. The output level of the COUT pin, a CMOS output type, is in between
Vest and Vss.

VD2: Overdischarge Detector

The VD2 monitors the VDD pin voltage (Vop) during discharge. When Vop becomes less than or equal to the
overdischarge detection voltage (Voet2), the VD2 senses the overdischarge condition and stops discharging
by turning off an external Nch MOSFET.

After detecting the overdischarge, Voo becomes higher than Voer2 and the V+ pin voltage (V+) is higher than
the standby release voltage (VcHepet), the VD2 is released. Then, the DOUT becomes High, and the battery
charger can discharge by turning on the Nch MOSFET. When Vop becomes higher than Voerz, as defined as
release voltage, under the connection between the charger and the battery pack, and the DOUT pin becomes
High immediately.

The IC goes into Standby state when Vper2 is reached and V+ is below Vrcoer. When Vbbb is below Vnocha,
then IC continues to stay in the Standby state. When V+ exceeds Vcheper, the IC interprets this as a charger
is connected. As the IC detects charger connect along with Vop being less than VnocHg, it will transition to OV
charge inhibition state. When Vop becomes less than the maximum voltage for charging inhibition (VnocHa),

15
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the COUT pin retains Low even if a charger is connected to the battery pack, and the system is not allowed to
charge.

Output delay times for overdischarge detection and release are fixed internally. When Voo becomes higher
than Voer2 and then falls below Voer2 within the overdischarge detection delay time (tvoer2), VD2 does not enter
the overdischarged condition.

When V+ becomes more than or equal to Vrcoer after detecting the overdischarge, the supply current
decreases (Vop = 1.9V, Max.0.04pA) because the IC halts all circuits and enters the standby mode. The COUT
pin keeps High and the COUT pin becomes equal to Vop because the charge pump stops, and the boost
voltage goes down from the approximate value of Vpbpx2 (= Vast) to Vop. The output level of the DOUT pin, a
CMOS output type, is in between Vest and Vss.

VD3: Discharge Overcurrent Detector, Short Circuit Protector

The VD3 monitors the voltage level between the V+ pin and the RSENS pin when charge and discharge are
available with connecting to the battery pack. The IC detects the voltage difference, which is generated by the
current flows through an external sense resistance, as the RSENS pin voltage (Vrsens). The VD3 works when
Vrsens becomes more than or equal to the discharge overcurrent detection voltage (Voers) and less than the
short-circuit detection voltage (Vsnort) owing to an external short-circuit. The short-circuit protection works
when Vrsens becomes more than or equal to Vshort and then the DOUT pin becomes Low. The VD3 can
prevent to flow extremely large current by turning off an external Nch MOSFET.

Output delay times for the discharge overcurrent detection and release and the short-circuit are internally fixed.
The VD3 does not work when Vrsens becomes less than Voers within the output delay time even if Vrsens
becomes more than or equal to Voers, and the short-circuit protection does not work when Vrsens becomes
less than Vsnort within the short detection delay time (tsHort) even if Vrsens becomes more or equal to VsHorr.
The V+ pin has a built-in pulled up resistor (Typ. 45kQ) connected to the VDD pin.

After the discharge overcurrent or the short circuit protection is detected, by removing a cause of the
overcurrent or the external short circuit, the V+ pin is pulled up through the resistor to Voo in order to release
from the overcurrent condition. Then, the discharge overcurrent and the short-circuit protections are released
when V+ becomes more than or equal to the discharge overcurrent release voltage (VreLs). The resistor to
release from the discharge overcurrent is active when the discharge overcurrent or the short circuit is detected,
but it is inactive when charge and discharge are available with connecting to the battery pack or the normal
mode.

16
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VD4: Charge Overcurrent Detector

The VD4 monitors the voltage level between V+ pin and RSENS pin when charge and discharge are available
with connecting to the battery pack. The VD4 works when the voltage between pins RSENS to V+ becomes
less than or equal to the charge overcurrent detection voltage (Vbet4) and the COUT pin becomes Low. The
VD4 can prevent to flow extremely large current by turning off an external Nch MOSFET.

Output delay times for the charge overcurrent detection and release are internally fixed.

The VD4 does not work when the voltage between pins RSENS to V+ becomes more than or equal to Vper4
within the delay time even if the voltage becomes less than or equal to Voers. The VD4 can be released with
disconnecting the charger.

TD: Thermal Detector

This IC converts the temperature, which is detected by a built-in resistor (Rrin) and a thermistor connected with
the TIN pin, to the voltage and monitors it. The thermistor works only a period of 10ms every cycle of tins to
save the supply current.

The COUT pin becomes Low when the temperature higher than Toer1 is detected and sustained over troer,
and charging stops by turning off the external Nch MOSFET. Likewise, the DOUT pin becomes Low when the
temperature higher than Toetzis detected and sustained over troer and discharging stops by turning off it.
The COUT or DOUT pin becomes High when the temperature decreases lower than TreL1 or TreL2 for a delay
time of trreL.

DS (Delay Shortening) Function
This IC can enter the test mode by forcing the V+ pin to be more than or equal to the delay time shortening
mode voltage (Vbs, Min.Vopo+1.5V). However, this mode cannot be set while either the COUT or the DOUT pin
voltage is lower than the boost voltage detection voltage (Vestoer) and then over a time period (typ.32 ms)
after the COUT and the DOUT pin voltages become higher than Vasstper.
The following effects can be obtained in this mode.

+ Each output delay time is shorten.

+ Boost circuit is turned off.

- Temperature is always monitored (The sampling cycle is stopped).

+ VpeT3, VsHorT, and Vpet4 are disabled.

17
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R5449Z2
No.EA-587-230628

Forced Overdischarge Detection by CTL Pin

When the CTL pin is OPEN, the CTL pin voltage (Vcr) is VDD level because the CTL pin is pulled up to Vob
by the built-in resistor (Rct.). When the CTL pin is driven to Vss, this IC detects an overdischarge after tvper2.
As a result, the IC can enter the standby mode by detecting Voer2 forcefully with using the CTL pin, without
lowering the battery voltage actually and minimize the consumption current.

It is required connecting the charger for the IC to release from the standby mode, but the DOUT pin retains
Low while the CTL pin is driven to VSS even when connecting the charger.

Voltage Boosting Circuit Function

This IC has the built-in charge pump that boosts the high level of the COUT and the DOUT pins to about twice
the VDD pin voltage. The charge pump stops when the IC enters the standby mode.

The boost voltage detection voltage (Vestoer) can detect whether or not each voltage of the COUT and the
DOUT pins is boosted.

18
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R5449Z
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State Diagram

Unless otherwise provided, the voltage indicates with respect to VSS.
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R5449Z

No.EA-587-230628

Timing Diagrams

The following show timing charts when using the current sensing resistor. When using the current sensing FET,

timing charts for RSENS and VDD pins become the same.

Disconnect

X Disconnect X Connect X

Connect

Disconnect X

Charger

3] 3] (3] Q 3]
£ £ £ £ £
[ [ [ [ [
I I I I I
| | I
S | |
8 | | I
||||||||||||_|HHHHHHHH._MHH_II.“_HHHHHHII|||||||HHHHHH-..HHH9W
W [T 1 [P N IR P |
_ N _
.......... Rt S SRR S -
IIIIIIIIIIIIIIIIIII -y | _ 4 ____d>
r M1 r
_ _ _
| | |
A I I N
o
15 e L ittt =
g (RN SO IR NN IO LN Y NN OO [R5
| I A
| | I .
....... I eSS H L
_ _ _
| | |
| | I
> e <
© 32
[a)]
e >
2 e 8s¢t
3 a 0 5 g5 2
o &) % + O c 935
4 > o > O [ONaNe]

Overcharge Detector (VD1) Timing Diagram

() The COUT pin output is an approximate value of Vppx2 but it is simplified to draw with a square wave in the diagram.
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Overdischarge Detector (VD2) Timing Diagram

() The DOUT pin output is an approximate value of Vppx2 but it is simplified to draw with a square wave in the diagram.




R5449Z2
No.EA-587-230628

Charger Disconnect |
|
Load Disconnect Heavy Disconnect Short Disconnect
X X X A
| | | |
| | | |
| | | |
| |
VDD | :
VDETZ____'____}_'____l___l______
| : |
Vss : | : Time
| : |
| | |
| | |
| | |
| | |
RSENS Voo | — - —H
|
|
|
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|
| |
[ I
VpeTs 1———:—:—————
|
|
V+ Vb :— -_— I_.
|
|
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| N L
VDDXZ . | - |
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| Lol Il L
| Lol I L
|
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Charge/ | Lo Ll | :
Discharge - T Time
Current : l I
Discharge | (- : I :
| - |
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© S b
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Discharge Overcurrent Detector (VD3 Auto Release Type) and Short-circuit Timing Diagram

() The DOUT pin output is an approximate value of Vppx2 but it is simplified to draw with a square wave in the diagram.
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Charger Disconnect X Connect X Disconnect X Connect
] ] ]
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Discharge Overcurrent Detector (VD3 Latch Type) and Short-circuit Timing Diagram

() The DOUT pin output is an approximate value of Vpopx2 but it is simplified to draw with a square wave in the diagram.
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Charge Overcurrent Detector (VD4) Timing Diagram

() The COUT pin output is an approximate value of Vppx2 but it is simplified to draw with a square wave in the diagram.
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Thermal Protection (Toer1, Toerz) with Charger Timing Diagram

() Each output of the COUT and the DOUT pins is an approximate value of Vopx2 but it is simplified to draw with a square
wave in the diagram.
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Thermal Protection (Tper1, Toer2) with Load Timing Diagram

() Each output of the COUT and the DOUT pins is an approximate value of Vopx2 but it is simplified to draw with a square
wave in the diagram.
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No.EA-587-230628

Disconnect Connect X Disconnect

Disconnect

VDETZ____________

|
|
|
[
[
VDETl_____________'________
|
|
1
|
|
|
|
|
|
|
[
[
|
|
|
|
|
|
|
[
|

|
|
K—in standby modeﬁI

|
|
|
Vppx2

<
8
I
|
|
e—_————— _________|,____ _ - - - -
|
|

— )

tvoer2 tvreL2

Vper2 Forced Detection by CTL Pin Timing Diagram
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() Each output of the COUT and the DOUT pins is an approximate value of Vopx2 but it is simplified to draw with a square

wave in the diagram.
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Charger
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RSENS Vob
V+
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Charge/
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Disconnect X Connect
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|
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|
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—
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Maximum Operating Voltage at Charging Inhibition (Vnoche) Timing Diagram

() Each output of the COUT and the DOUT pins is an approximate value of Vopx2 but it is simplified to draw with a square

wave in the diagram.
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APPLICATION INFORMATION

Typical Application Circuit
R4

et i) | . D

couT %DOUT 1}?(% :zﬁé couT %DOUT ﬁ% :zl%

NTC
470kQ/100kQ  TIN RSENS

NTC
470kQ/100kQ TIN

R54497 R54497

S)

mr TiT
<Support for sense current by resistor> <Support for sense current by FET>

S)

R5449Z Typical Application Circuit Diagrams

R1 and C1 stabilize a supply voltage to this IC. A recommended R1 value is less than 330Q. A large value of
R1 makes detection voltage shift higher because of conduction current flowed in the IC. Further, to stabilize
the IC operation, use the C1 with the value of 0.01uF or more.

R2 also operate as parts that protect the IC by limiting the current that flows inside the IC when reverse
charging occurs. While small value of R2 may cause over the power dissipation rating of the IC. Besides, if
large value of R2 is set, release from overdischarge by connecting a charger might not be possible and
overcurrent detection accuracy gets worse. Recommended R2 value is 1kQ.

R3 is used for the same purpose as R2. R4 is a resistor for sensing an overcurrent. If the resistance value is
too large, power loss becomes also large. By the overcurrent, if the R4 is not appropriate, the power loss may
be beyond the power dissipation of R4. Choose an appropriate R4 according to the cell specification.

This IC requires an NTC thermistor having following characteristics.
NTC performance

Product Name R5449Zxxxxx
Vendor muRata
Part Number NCP02WF474F05RH NCPO3WF104F05RL
Resistance 470kQ+1% (25°C) 100kQ+1% (25°C)
B-Constant 4250K+1%

The typical application circuit diagram is just an example. This circuit performance largely depends on the PCB
layout and external components. In the actual application, fully evaluation is necessary.

Overvoltage and the overcurrent beyond the absolute maximum rating should not be forced to the protection
IC and external components.

Although the short protection circuit is built in the IC, if the positive terminal and the negative terminal of the
battery pack are short, during the delay time of short limit detector, large current flows through the FET. Select
an appropriate FET with large enough current capacity to prevent the IC from burning damage.
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TECHNICAL NOTES

A peripheral component or the device mounted on PCB should not exceed a rated voltage, a rated current or
a rated power. When designing a peripheral circuit, please be fully aware of the following points.

. Please evaluate the product at the PCB level before use, as some symptoms may remain that cannot be
confirmed by the evaluation at the IC level.

*  When using any coating or underfill to improve moisture resistance or joining strength, evaluate them
adequately before using. In certain materials or coating conditions, corrosion by contained constituents,
current leakage by moisture absorption, crack and delamination by physical stress can happen. If the
curing temperature of the coating material or underfill material exceeds the absolute maximum rating, the
electrical characteristics of this product may change.

*  When performing X-ray inspection in mass production process and evaluation build stage such as the
product functions and characteristics confirmation, please confirm X-ray irradiation does not exceed
1.5Gy (absorbed dose for air).
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POWER DISSIPATION WLCSP-8-P8
PD-WLCSP-8-P8-(85125)-JE-A

The power dissipation of the package is dependent on PCB material, layout, and environmental conditions.
The following measurement conditions are based on JEDEC STD. 51.

Measurement Conditions

Item Measurement Conditions
Environment Mounting on Board (Wind Velocity = 0 m/s)
Board Material Glass Cloth Epoxy Plastic (Four-Layer Board)
Board Dimensions 101.5 mm x 114.5 mm x 1.6 mm
Outer Layer (First Layer): 10%
Copper Ratio Inner Layers (Second and Third Layers): 99.5 x 99.5mm 100%
Outer Layer (Fourth Layer): 10%

Measurement Result (Ta = 25°C, Tjmax = 125°C)
Item Measurement Result
Power Dissipation 670 mW
Thermal Resistance (6ja) bja = 149°C/W

6ja: Junction-to-Ambient Thermal Resistance
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Power Dissipation vs. Ambient Temperature Measurement Board Pattern
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PACKAGE DIMENSIONS WLCSP-8-P8

Ver. A
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WLCSP-8-P8 Package Dimensions (Unit: mm)
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R5449Z2

Ver. D

PART MARKINGS

®@: Product Code - Refer to Part Marking List
Q®®: Lot Number --- Alphanumeric Serial Number

Q)

R5449Z (WLCSP-8-P8) Part Marking

There can be variation in the marking when different AOI (Automated Optical Inspection) equipment is
used. In the case of recognizing the marking characteristic with AOI, please contact our sales or

distributor before attempting to use AOI.

R5449Z Part Marking List

R544976xxxx-E2-T

R544972xxxx-E2-F
Product Name ® @ Product Name ® @
R5449Z107HE 6 0 R5449Z605NE 6 5
R54497204MH 6 1 R5449Z606NE 6 6
R5449Z205NE 6 2
R5449Z206NE 6 3
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Visual Inspection Criteria

WLCSP

VI-160823

No.

Inspection Items

Inspection Criteria

Package chipping

A>0.2mm is rejected

B>0.2mm is rejected

C>0.2mm is rejected
And, Package chipping to Si surface
and to bump is rejected.

Si surface chipping

A>0.2mm is rejected

B>0.2mm is rejected

C>0.2mm is rejected
But, even if A>0.2mm, B<0.1mm is
acceptable.

»>1 ]

No bump

No bump is rejected.

Marking miss

To reject incorrect marking, such as
another product name marking or
another lot No. marking.

(61

No marking

To reject no marking on the package.

Reverse direction of
marking

To reject reverse direction of marking
character.

Defective marking

To reject unreadable marking.
(Microscope: X15/ White LED/ Viewed
from vertical direction)

Scratch

To reject unreadable marking

character by scratch.

(Microscope: X15/ White LED/ Viewed
from vertical direction)

Stain and Foreign
material

To reject unreadable marking

character by stain and foreign material.
(Microscope: X15/ White LED/ Viewed
from vertical direction)
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11.

12.

13.

The products and the product specifications described in this document are subject to change or discontinuation of production without
notice for reasons such as improvement. Therefore, before deciding to use the products, please refer to our sales representatives for the
latest information thereon.
The materials in this document may not be copied or otherwise reproduced in whole or in part without the prior written consent of us.
This product and any technical information relating thereto are subject to complementary export controls (so-called KNOW controls)
under the Foreign Exchange and Foreign Trade Law, and related politics ministerial ordinance of the law. (Note that the complementary
export controls are inapplicable to any application-specific products, except rockets and pilotless aircraft, that are insusceptible to design
or program changes.) Accordingly, when exporting or carrying abroad this product, follow the Foreign Exchange and Foreign Trade
Control Law and its related regulations with respect to the complementary export controls.
The technical information described in this document shows typical characteristics and example application circuits for the products. The
release of such information is not to be construed as a warranty of or a grant of license under our or any third party's intellectual property
rights or any other rights.
The products listed in this document are intended and designed for use as general electronic components in standard applications (office
equipment, telecommunication equipment, measuring instruments, consumer electronic products, amusement equipment etc.). Those
customers intending to use a product in an application requiring extreme quality and reliability, for example, in a highly specific application
where the failure or misoperation of the product could result in human injury or death should first contact us.

* Aerospace Equipment

*  Equipment Used in the Deep Sea

« Power Generator Control Equipment (nuclear, steam, hydraulic, etc.)

» Life Maintenance Medical Equipment

* Fire Alarms / Intruder Detectors

» Vehicle Control Equipment (automotive, airplane, railroad, ship, etc.)

* Various Safety Devices

»  Traffic control system

»  Combustion equipment
In case your company desires to use this product for any applications other than general electronic equipment mentioned above, make
sure to contact our company in advance. Note that the important requirements mentioned in this section are not applicable to cases
where operation requirements such as application conditions are confirmed by our company in writing after consultation with your
company.
We are making our continuous effort to improve the quality and reliability of our products, but semiconductor products are likely to fail
with certain probability. In order to prevent any injury to persons or damages to property resulting from such failure, customers should be
careful enough to incorporate safety measures in their design, such as redundancy feature, fire containment feature and fail-safe feature.
We do not assume any liability or responsibility for any loss or damage arising from misuse or inappropriate use of the products.
The products have been designed and tested to function within controlled environmental conditions. Do not use products under conditions
that deviate from methods or applications specified in this datasheet. Failure to employ the products in the proper applications can lead
to deterioration, destruction or failure of the products. We shall not be responsible for any bodily injury, fires or accident, property damage
or any consequential damages resulting from misuse or misapplication of the products.
Quality Warranty
8-1. Quality Warranty Period

In the case of a product purchased through an authorized distributor or directly from us, the warranty period for this product shall be

one (1) year after delivery to your company. For defective products that occurred during this period, we will take the quality warranty

measures described in section 8-2. However, if there is an agreement on the warranty period in the basic transaction agreement,

quality assurance agreement, delivery specifications, etc., it shall be followed.
8-2. Quality Warranty Remedies

When it has been proved defective due to manufacturing factors as a result of defect analysis by us, we will either deliver a substitute

for the defective product or refund the purchase price of the defective product.

Note that such delivery or refund is sole and exclusive remedies to your company for the defective product.
8-3. Remedies after Quality Warranty Period

With respect to any defect of this product found after the quality warranty period, the defect will be analyzed by us. On the basis of

the defect analysis results, the scope and amounts of damage shall be determined by mutual agreement of both parties. Then we

will deal with upper limit in Section 8-2. This provision is not intended to limit any legal rights of your company.
Anti-radiation design is not implemented in the products described in this document.
The X-ray exposure can influence functions and characteristics of the products. Confirm the product functions and characteristics in the
evaluation stage.
WLCSP products should be used in light shielded environments. The light exposure can influence functions and characteristics of the
products under operation or storage.
Warning for handling Gallium and Arsenic (GaAs) products (Applying to GaAs MMIC, Photo Reflector). These products use Gallium (Ga)
and Arsenic (As) which are specified as poisonous chemicals by law. For the prevention of a hazard, do not burn, destroy, or process
chemically to make them as gas or power. When the product is disposed of, please follow the related regulation and do not mix this with
general industrial waste or household waste.
Please contact our sales representatives should you have any questions or comments concerning the products or the technical
information.

(0] (0] Official website

N"SS H ||N Bo https://www.nisshinbo-microdevices.co.jp/en/

Purchase information

Nisshinbo Micro Devices Inc. https://www.nisshinbo-microdevices.co.jp/en/buy/
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