U NEOTEC

semiconductor

NT1/721

Features

B High Detection Accuracy
-Overcharge Detection: 25 mV
-Overdischarge Detection: 80 mV
-Discharge Overcurrent Detection: 120 mV
B Programmable Delay Time
m High Input-Voltage Device
-Absolute Maximum Rating: 20V
-Operating Voltage range: 2V to 18V
B Low Power Consumption
-Operation Mode: 4uA Typ.
-Power-Down Mode: 0.1uA Max.
W Optional 0 V Battery Charging Function
W Package: 8-Pin TSSOP

Applications

W Portable Instrumentation
W Portable DVD
B DSC

Typical Application Circuit

Battery Protection IC for 2-Cell

Descriptions

The NT1721 protects lithium-ion/lithium-polymer
rechargeable battery in the event of overcharge,
overdischarge and discharge overcurrent for a
2-serial-cell lithium-ion/lithium- polymer battery pack.

The NT1721 contains high-accuracy voltage detection
circuits and delay circuits.

If any of the above abnormal conditions occur. NT1721
will turn off its external MOSFETS to protect the battery
pack.

NT1721 will enter into power down mode when
overdischarge protection occurs to minimize the
current consumption.

NT1721 will charge the external capacitor for delay
time control.

The 0 V battery charging function is available for
NT1721 by customer’s request.
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Pin Configurations

NT1721
vil_T || O g [ [T Jvee
po[T |, 7 | L2
co[T |3 6 | I icT
w4 5 | [ Jvss
TSSOP-8

Ordering Information Marking Information

NT1721-XXX XX 1721XXX

Package Type
QO0: TSSOPS8

Version Type

Version Type

Overcharge Overcharge ) Overdischarge Discharge
. Overdischarge
Detection Voltage Release . Release Overcurrent 0V Battery
Part Number Detection ) . .
1,2 Voltage 1,2 Voltage1.2 (Voor ) Voltage 1,2 Detection Voltage 1| Charging Function
(Veur2) (Vep12) 985 ooz (Vouz2) (Voou)
NT1721-AB 4.35V £ 25mV | 4.15V £50mV | 2.30V £ 80mV | 3.00V £+ 100mV | 0.30V + 20mV Available
NT1721-EQK | 4.35V+£25mV | 4.15V +£50mV | 2.30V £80mV | 3.00V =100mV | 0.15V = 20mV Available
NT1721-EGK | 4.35V+£25mV | 4.15V +£50mV | 2.70V £80mV | 3.00V =100mV | 0.15V = 20mV Available
NT1721-RWK | 3.85V +25mV | 3.25V £50mV | 2.00V £80mV | 2.40V =100mV | 0.15V = 20mV Available
NT1721-YWK | 3.85V +25mV | 3.45V £50mV | 2.00V £80mV | 2.40V =100mV | 0.15V = 20mV Available

For any changes to the detection voltage or other parameters, please contact Neotec.
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Pin Descriptions

NO. Name Descriptions
1 V1 Detects pin for VCC voltage (Connects battery 1 positive voltage).
2 DO Connects FET gate for discharge control (CMOS output).
3 Cco Connects FET gate for charge control (CMOS output).
4 VM Detects pin for VM voltage (Overcurrent detection pin).
5 VSS | Negative power input pin (connect battery 2 negative voltage).
6 ICT Connects capacitor for delay circuit.
7 V2 The_ _middle pin between two batteries (Connects battery 1 negative voltage and battery 2
positive voltage).
8 VCC | Positive power input pin (Connects battery 1 positive voltage).

Absolute Maximum Ratings

Symbol Descriptions Rating Units
Vps Input voltage between VCC and VSS Vss—0.3 to Vss+20 \%
V1 V1 Input terminal voltage Vss—0.3 t0 Vcc+0.3 V
V2 V2 Input terminal voltage Vss—0.3 t0 Vcc+0.3 V
Vier ICT Input terminal voltage Vss—0.3 to Vcc+0.3 V
Vym VM Input terminal voltage Vce—20to Vece+0.3 V
Vbo DO output terminal voltage Vss—0.3 to Vcc+0.3 \Y
Veo CO output terminal voltage Vym—0.3 to Vcc+0.3 \Y

Pp Power dissipation 300 mw
Topr Operating temperature range -40 to +85 °C
Tsig Storage temperature range —-40 to +125 °C

Caution: The absolute maximum ratings are rated values. The product could suffer from physical damage when
the voltage and/or temperature exceed its maximum ratings. These values must, therefore, not be
exceeded under any conditions.
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Electrical Characteristics

Ta=25°C
Iltem ‘ Symbol ‘Methods‘Circuit‘ Notice Min. Typ. Max. Unit
Detection voltage
Overcharge detection voltage 1,2 Vcui,2 1,2 1 3.85~4.6 Vcu1.2—0.025 Vcuiz Vcu12+0.025| V
Overcharge release voltage 1,2 Vepi,2 1,2 1 3.25~4.6 Vep12—0.05 Vcpi2 Vcp12+0.05 |V
Overdischarge detection voltage 1,2 Vbp1,2 1,2 1 1.70 ~ 2.6 Vpp1.2—0.08 Vpp1.2 Vpp12+0.08 | V
Overdischarge release voltage 1,2 Vpbui,2 1,2 1 2.0~3.6 Vpu1.2—0.10 Vpui.2 Vpu12+0.10 | V
Discharge overcurrent detection voltage 1| Vpovi 3 1 0.07 ~ 0.30 Vpov1 -0.020 Vbovi Vpov1 +0.020 | V
Discharge overcurrent detection voltage 2| Vpov2 3 1 VCC Reference -2.3 -1.9 -15 \
Temperature coefficient 1 for detection 5
*1 Tcor1 - - Ta=—401t0 85C -0.6 0 0.6 mv/C
voltage
Temperature coefficient 2 for detection 5
*2 Tcorz - - Ta=—401t0 85C -0.24 -0.05 0 mv/'C
voltage
Delay time when ICT connect C3=0.22uF
Overcharge detection delay time 1,2 tcui,2 8,9 1.0s 0.65 1 1.35 S
Overdischarge detection delay time 1,2 top1,2 8,9 0.1ls 65 100 135 ms
Discharge overcurrent detection delay
. tbovi 10 5 0.01s 6.5 10 13.5 ms
time 1
Input voltage
Absolute
Input voltage between VCC and VSS Vps — — . . -0.3 - 20 \%
maximum rating
Operating voltage
Operating voltage between VCC and VSS | Vbsop - - | — 2 — 18 V
Current consumption
Current consumption during normal V1=V2=3.6V
. lore 4 2 3 2 4 8 uA
operation (or3.2V)
Current consumption at power down IpDN 4 2 V1=V2=1.5V - - 0.1 UuA
Output voltage
DO “H” voltage VboH) 6 lout=10 UA Vcc—0.05 Vcc—0.01 Vce \
DO “L” voltage Voo 6 lout=10 UuA Vss Vss +0.003 Vss +0.05 \
CO “H” voltage Veon) 7 lout=10 uA Vee—0.15 Vee—0.05 Vee Vv
CO pin internal resistance
Resistance between VSS and CO Vco-VSS=9.4V
Rcol 7 4 «3 - 7.2 - MQ
(or8.0V)
Internal resistance
Resistance between VCC | AB version R 5 2 Vee-Vum — 200 — KQ
and VM Other version vem =0.5V - 120 — KQ
Resistance between VSS | AB version R 5 2 Vvm-Vss — 200 — KQ
and VM Other version VsM =1.1V - 100 — KQ
0 V battery charging function
0V battery
0 V charge starting voltage VocHa 11 6 charging 1.3 1.7 2.1 Vv
Available
0V battery
0 V charge inhibiting voltage 1,2 VoinHi,2 | 12,13 6 charging 0.75 0.8 0.85 \%
Unavailable

*1. Temperature coefficient 1 for detection voltage should be applied to overcharge detection voltage, overcharge
release voltage, overdischarge detection voltage, and overdischarge release voltage.
*2. Temperature coefficient 2 for detection voltage should be applied to overcurrent detection voltage.

*3. For RWK and YWK.
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Block Diagram
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Measurement Methods

(1) Measurement 1 (Measurement circuit 1)

1) SetV1=Vv2=3.6V (RWK/YWK is 3.2V), V3=0V, S1=0FF to enter normal condition.

2) Increase V1 voltage from 3.6V (RWK/YWK is 3.2V) gradually. The V1 voltage is overcharge
detection voltage 1 (Vcui) when CO pin switches from high to low.

3) Decrease V1 gradually. The V1 voltage is overcharge release voltage 1 (Vcp1) when CO pin switches
from low to high.

4) Further decrease V1. The V1 voltage is overdischarge detection voltage 1 (Vobi) when DO pin
switches from high to low. Increase V1 gradually. The V1 voltage is overdischarge release voltage 1
(Vouz) when DO pin switches from low to high.

(Note: The overdischarge hysteresis is for the single device test purpose only, but not for the application
test.)

(2) Measurement 2 (Measurement circuit 1)

1) SetV1=Vv2=3.6V (RWK/YWK is 3.2V), V3=0V, S1=0OFF to enter normal condition.

2) Increase V2 voltage from 3.6V (RWK/YWK is 3.2V) gradually. The V2 voltage is overcharge
detection voltage 2 (Vcy2) when CO pin switches from high to low.

3) Decrease V2 gradually. The V2 voltage is overcharge release voltage 2(Vcp2) when CO pin switches
from low to high.

4) Further decrease V2. The V2 voltage is overdischarge detection voltage 2 (Vppz) when DO pin
switches from high to low. Increase V2 gradually. The V2 voltage is overdischarge release voltage 2
(Vpuz2) when DO pin switches from low to high.

(Note: The overdischarge hysteresis is for the single device test purpose only, but not for the application
test.)

(3) Measurement 3 (Measurement circuit 1)

1) Set V1=Vv2=3.6V (RWK/YWK is 3.2V), V3=0V, S1=0OFF to enter normal condition. Increase V3 from
0V gradually. The V3 voltage is discharge overcurrent detection voltage 1 (Vpovi) when DO pin
switches from high to low.

2) Set V1=V2=3.6V (RWK/YWK is 3.2V), V3=0V, S1=0N to enter normal condition. Increase V3 from
0V gradually. (The voltage change rate < 1.0V/ms) (V1+V2-V3) voltage is discharge overcurrent
detection voltage 2 (Vpov2) When DO pin switches from high to low.

(4) Measurement 4 (Measurement circuit 2)
1) Set V1=Vv2=3.6V (RWK/YWK is 3.2V), V3=0 V and S1=0ON to enter normal condition and measure
the current I1. I1 is the normal condition current consumption (Iopg).
2) Set V1=V2=1.5V and S1=OFF enter overdischarge condition and measure current I1. I1 is the
power-down current consumption (lppy).

(5) Measurement 5 (Measurement circuit 2)
1) SetV1=V2=1.5V, V3=2.5V and S1=0N enter overdischarge condition. (V1+V2-V3)/12 is the internal
resistance between VCC and VM (Rycy).-
2) Set V1=V2=3.5V (RWK/YWK is 3.2V), V3=1.1V and S1=0N, under overcurrent condition. V3/12 is
the internal resistance between VSS and VM (Rysy).

(6) Measurement 6 (Measurement circuit 3)
1) Set V1=V2=3.6V (RWK/YWK is 3.2V), V3=0V, S1=ON and S2=0OFF enter normal condition.
Increase V4 from OV gradually. The V4 voltage is DO ‘H’ voltage (Vpog)) when 11=10uA.
2) Set V1=Vv2=3.6V (RWK/YWK is 3.2V), V3=0.5V, S1=0OFF and S2=0ON enter overcurrent condition.
Increase V5 from OV gradually. The V5 voltage is the DO 'L’ voltage (Vpo)) when [2=10uA.

Neotec Semiconductor Ltd. 6/14 NT1721DS V2.30 2012/10/23
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(7) Measurement 7 (Measurement circuit 4)

1) Set V1=V2=3.6V (RWK/YWK is 3.2V), V3=0V, S1=ON and S2=0OFF enter normal condition.
Increase V4 from OV gradually. The V4 voltage is the CO 'H' voltage (Vcog)) when 11=10uA.

2) SetV1=V2=4.7V (RWK/YWK is 4V), V3=0V, V5=9.4V (RWK/YWK is 8V), S1=OFF and S2=0ON enter
over voltage condition. (V5)/12 is the CO pin internal resistance (Rcoq)-

(8) Measurement 8 (Measurement circuit 5)

1) Set V1=V2=3.6V (RWK/YWK is 3.2V) and V3=0V enter normal condition. Increase V1 from
(Vcu1-0.2V) to (Vcu110.2V) immediately (within 10us). The overcharge detection delay time 1(tcy;) is
the duration from the time V1 gets to (Vcy;+0.2V) until CO pin from high to low.

2) Set V1=V2=3.5V (RWK/YWK is 3.2V), and V3=0V enter normal condition. Decrease V1 from
(Vpp1+0.2V) to (Vpp:-0.2V) immediately (within 10us). The overdischarge detection delay time 1(tpp;)
is the duration from the time V1 gets to (Vpp;-0.2V) until DO pin switches from high to low.

(9) Measurement 9 (Measurement circuit 5)

1) Set V1=V2=3.6V (RWK/YWK is 3.2V) and V3=0V enter normal condition. Increase V2 from
(Vcu2-0.2V) to (Vcu2+0.2V) immediately (within 10us). The overcharge detection delay time 2(tcy,) is
the duration from the time V2 gets to (Vcy,+0.2V) until CO pin from high to low.

2) Set V1=Vv2=3.5V (RWK/YWK is 3.2V), and V3=0V enter normal condition. Decrease V2 from
(Vpp2+0.2V) to (Vpp2-0.2V) immediately (within 10us). The overdischarge detection delay time 2(tpp,)
is the duration from the time V2 gets to (Vpp,-0.2V) until DO pin switches from high to low.

(10) Measurement 10 (Measurement circuit 5)
1) SetV1=Vv2=3.6V (RWK/YWK is 3.2V), and V3=0V enter normal condition.
2) Increase V3 from 0 V to 0.5V immediately (within 10us). The discharge overcurrent detection delay
time 1 (tpovi) is the duration from the time V3 gets to 0.5V until DO pin switches from high to low.

(11) Measurement 11 (Measurement circulit 6)
1) SetV1=V2=0V, and V3=2V, and decrease V3 gradually.
2) The V3 voltage is the OV charge starting voltage (Vocua) When CO pin switches from high to low
(VCC-0.3V or lower).

(12) Measurement 12 (Measurement circuit 6)
1) SetV1=0V, V2=3.6V (RWK/YWKis 3.2V), V3=12V.
2) Increase V1 gradually. The V1 voltage is the 0 V charge inhibiting voltage 1 (Vonw) When CO pin
switches from low to high (Vyu+0.3V or higher).

(13) Measurement 13 (Measurement circulit 6)
1) SetV1=3.6V (RWK/YWK is 3.2V), V2=0V, and V3=12V.
2) Increase V2 gradually. The V2 voltage is the 0 V charge inhibiting voltage 2 (Vonn2) Wwhen CO pin
switches from low to high (Vyy+0.3 V or higher).
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Measurement Circuit
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Operations

(1) Overcharge Condition

1) Overcharge Protection
If any one of the battery voltages becomes higher than the overcharge detection voltage and it
continues for the overcharge detection delay time or longer, the charging FET turns off to stop
charging.

2) Overcharge Protection Release
The overcharge protection can be released by either of the following conditions:

a)The battery voltage falls below the overcharge release voltage.
b)Remove charger when the battery voltage is lower than the overcharge detection voltage and higher
than the overcharge release voltage.

(2) Overdischarge Condition

1) Overdischarge Protection
If any one of the battery voltages becomes lower than the overdischarge detection voltage and it
continues for the overdischarge detection delay time or longer, the discharging FET turns off and
discharging stops.

2) Power-down Protection Release
The power-down mode is released when the charger is connected and the voltage between VM and
VCC is discharge overcurrent detection voltage 2 or higher.

3) Overdischarge Protection Release

When all the battery voltages are higher than the overdischarge detection voltage and charger is
connected to the pack, the overdischarge condition turns back to normal.

(Note: The NT1721 has an overdischarge hysteresis voltage around 700mV+100mV for the single
device test purpose. Please see the Measurement 1 (Measurement circuit 1) on page 6 and 8).

(3) Discharge Overcurrent Condition

1) Discharge Overcurrent Protection

When the VM terminal voltage is equal to or higher than the discharge overcurrent detection voltage
and continues for the discharge overcurrent detection delay time or longer, the discharging FET turns
off to stop discharging.

2) Discharge Overcurrent Protection Release

When removing the load or setting up impedance between the EB- and EB+ terminals, that is equal to
or higher than 14M Ohms, the discharge overcurrent protection is released.

Neotec Semiconductor Ltd. 9/14 NT1721DS V2.30 2012/10/23
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(4) Delay Time

All the delay time can be set by external capacitor.
The ratio of overcharge, overdischarge and discharge overcurrent are 100 :10 :1

Overcharge detection delay time ( Min. Typ. Max. ) Ta=25°C
tcu[s] = Delay factor (2.955, 4.545, 6.136 ) x C3[uF]
Overdischarge detection delay time

tpp[s] = Delay factor (10.2955, 0.4545, 0.6136 ) x C3 [uF]
Discharge overcurrent detection delay time

toovi[s] = Delay factor (0.02955, 0.04545, 0.06136) x C3 [uF]

(5) 0V Battery Charging Function

This function is used to recharge both of two serial-connected batteries after they self-discharge to 0 V.
(6) Initial Condition

When initially connecting batteries, the IC will enter the power down condition.

Neotec Semiconductor Ltd. 10/14 NT1721DS V2.30 2012/10/23
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Operation Timing Charts

(1) Overcharge Detection, Overdischarge Detection

A
Y, \
cu \
Vo, N
Battery cell \
Voltage
VDU //
Vob //
Vss »
. A
DO pin Vee
Voltage
Vss >
A
COpin V.
Voltage /
VSS '
EB- >
A
VMpin vy
Voltage «e
VDOV2
VDOVl
VSS
EB- o
Charger connected < > >
Load connected - >
DY _ <>
Overcharge felay time Overdischarge delay time
b Normal g ‘Oveer - Normal b Over - | - Normal -
charge discharge
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(2) Overcurrent Detection

A
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Vss >
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) A
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VD0V1 \ \\ \\
Ves N N N
EB- >
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Load connected - > - > -t >
<+—>» <> “—>
Discharge overcurrent Discharge overcurrent  Discharge overcurrent
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Application Circuit

EB+

©
L vce
L Vi
Battery 1 = NT1721
V2
Battery 2 = Delay time
setting
IcTL
VsSs
o co i Ios
FETlI FETZI § R3
EB
o ©
Symbol Parts Purpose Recommended Min. Max. Remarks
o 1) 0.4 V < Threshold voltage <
Nc . Overdischarge detection voltage.
FET1 MOSFET Discharge control | === | e e Gate source withstanding voltage >
Charger voltage.
o 2) 0.4 V < Threshold voltage <
Nc Overdischarge detection voltage
FET2 MOSFET Charge control | = e Gate source withstanding voltage >
Charger voltage.
R1 Resistor | ESD protection 1kQ 5% 47Q 1.8kQ 3)
C1 Capacitor | Filter 0.22uF K-type 0.1uF 1uF 6)
R2 Resistor | ESD protection 1kQ 5% 47Q 1.8kQ
C2 Capacitor| Filter 0.22uF K-type 0.1uF 1uF 6)
R4 Resistor | ESD protection 1kQ 5% =R1 Min. | =R1 Max.
C3 Capacitor| Delay time setting 0.22uF K-type OuF 1uF 4) 6)
R3 Resistor Protection for charger 1kQ 5% 470 1.8kQ 5)
reverse connection

1) If the threshold voltage of an FET is lower than 0.4V, the FET may not stop the charging current. If an
FET has a threshold voltage equal to or higher than the overdischarge detection voltage, discharging
may stop before overdischarge is detected.

2) If the charger voltage is higher than the withstanding voltage between the gate and source, the FET may
be damaged.

3) Using an overspec R1 may result in overcharge detection voltage 1(Vcy1) and the release voltage 1(Vcp1)
higher than the expectation. For instance, 10kQ (R1) increases overcharge detection voltage by 10mV.

4) The change of the overcharge detection delay time (tcy), the overdischarge detection delay time (tpp),
and the discharge overcurrent detection delay time (tpov) goes along with the external capacitor C3.

5) Using an overspec R3 may result in discharge overcurrent detection voltage 1(Vpoyi) higher than
specifications. Vpoy1 changes to Vpoy: = (R3+Rysm)/ Rysm X Vbovi-

For example, 100KQ resistor (R3) causes discharge overcurrent detection voltage 1 (Vpoyi) from
0.300V to 0.350V.

6) High quality capacitors with accurate capacitances such as 0603 K-type or any K-type of multilayer
ceramic chip MLCC capacitors are recommended to applying in this application. Moreover, applying any
of low quality capacitors, which has leakage, inaccurate capacitance values or high capacitance change
with DC bias may cause this device goes to power down mode when short happens, or may cause
incorrect delay times.

Caution: The application circuit above is for reference only. To determine the correct constants,
evaluation of actual application is required.
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Package Information

8-Pin TSSOP
8 —
:
CHLL J
H1H H 4 =
i
0.22TfP ! ! Q.ESTTP

(1

]
DAZTTIP.
A2

T [ ,
=1
Cu:]_[:l_[: ] SESTING PLANE g’E —
\
010,48, L
SYMBOLS | MIN. NOM. MAX. NOTES:
A — — 120 1. JEDEC OUTLINE : MO-153 aa REV.f
: 2. DIMENSION ‘D’ DOES NOT INCLUDE MOLD FLASH,
Al 0.05 — 0.15 PROTRUSIONS OR GATE BURRS. MOLD FLASH
PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED
290 3.00 3.10 3. DIMENSION ‘E1’ DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR
E 6.40 BSC PROTRUSION SHALL NOT EXCEED 0.25 PER SIDE.
4. DIMENSION ‘b’ DOES NOT INCLUDE DAMBAR
E1 4.30 4.40 4.50 PROTRUSION. ALLOWABLE DAMBAR PROTRUSION
L 0.45 0.60 0.75 SHALL BE 0.08 MM TOTAL IN EXCESS OF THE ‘b’
x o p DIMENSION AT MAXIMUM MATERIAL CONDITION.
- DAMBAR CANNOT BE LOCATED ON THE LOWER

UNIT : MM RADIUS OF THE FOOT. MINIMUM SPACE BETWEEN
PROTRUSION AND ADJACENT LEAD IS 0.07 MM.
5. DIMENSIONS ‘D’ AND ‘E1’ TO BE DETERMINED AT
DATUM PLANE H.
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