Rev.2.2 00

BATTERY PROTECTION IC

FOR 3-SERIES OR 4-SERIES CELL PACK

S-8204A Series

B Features

The S-8204A Series includes a voltage detection circuit with
high accuracy and a delay circuit, in single use, makes it
possible for users to monitor the status of 3-series or 4-series
cell lithium-ion rechargeable battery. By switching the voltage
level which is applied to the SEL pin, users are able to use
this IC either for 3-series or 4-series cell pack.

By cascade connection using this IC, it is also possible to
protect 5-series or more cells ' rechargeable lithium-ion

battery pack.

*q. Refer to the usage guideline for connection examples of

protection circuit with 5-series cell.

(1) High-accuracy voltage detection for each cell
n(n=1to4) 3.8Vto4.6V (50 mV step)
(n=1to4) 36Vto46V"

¢ Overcharge detection voltage
¢ Overcharge release voltage n

e Overdischarge detection voltage n (n = 1 to 4)
e Overdischarge release voltage n (n = 1to 4)

(2) Discharge overcurrent detection

e Discharge overcurrent detection voltage 1

e Discharge overcurrent detecti
e Short circuit detection voltage
(3) Charge overcurrent detection

e Charge overcurrent detection

in 3-step

2.0 V10 3.0 V(100 mV step)
20Vto3.4V?

0.05V to 0.30 V (50 mV step)

Accuracy £25 mV
Accuracy 50 mV
Accuracy £80 mV
Accuracy 100 mV

Accuracy £15 mV

on voltage 2 0.5V (fixed) Accuracy £100 mV
1.0 V (fixed) Accuracy £300 mV
voltage —-0.25V to -0.05 V (50 mV step)Accuracy +30 mV

(4) Settable by external capacitor; Overcharge detection delay time, Overdischarge detection delay time,
Discharge overcurrent detection delay time 1, Discharge overcurrent detection delay time 2, Charge

overcurrent delay time

(Short circuit detection voltage delay time is internally fixed.)

(5) Switchable between 3-series and 4-series cell by using the SEL pin

(6) Independent charging and discharge control by the control pins

(7) Withstand voltage element Absolute maximum rating : 24 V
(8) Wide range of operation voltage 2Vto22V

(9) Wide range of operation temperature —40°C to +85°C

(10) Low current consumption
e Operation mode
e Power-down mode
(11) Lead-free product

33 uA max. (+25°C)
0.1 uA max. (+25°C)

*1. Overcharge hysteresis voltage n (n = 1 to 4) is selectable in 0 V, orin 0.1 Vt0 0.4 V in 50 mV step.
(Overcharge hysteresis voltage = Overcharge detection voltage — Overcharge release voltage)

*2. Overdischarge hysteresis voltage n (n = 1 to 4) is selectable in 0 V, orin 0.2 V10 0.7 V in 100 mV step.
(Overdischarge hysteresis voltage = Overdischarge release voltage — Overdischarge detection voltage)

B Applications
e Rechargeable lithium-ion battery p

B Package

acks

Drawing Code

Package Name

Package :

Tape

Reel

16-Pin TSSOP

FT016-A |

FT016-A

FT016-A
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B Block Diagram
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
S-8204A Series

B Product Name Structure

1. Product Name

S-8204A XX — Xxxx S
Package name (abbreviation) and packing specifications ™
TCT1 : 16-Pin TSSOP, Tape
Serial code 2
Sequentially set from AA to ZZ
*1. Refer to the tape specifications.
*2. Refer to “2. Product Name List”.
2. Product Name List
Table 1
. . Discharge Charge
Product Name/ Ove?rcharge Overcharge Overqlscharge Overdischarge Overcurrent Overcurrent 0V Battery
Detection Voltage | Release Voltage | Detection Voltage | Release Voltage . i .
ltem Detection Voltage 1| Detection Voltage | Charge Function
[Veul [Vl [Vou] [Vbu]
[Voiovi] [Veiov]
SiZé)??;\B 4350+£0.025V | 4150+£0.050V | 2.00+0.080V | 270+£0.100V | 025+0.015V |-0.10+0.030V Available
88T2é)¢,;\;\0 4200+0.025V | 4100+0.050V | 2.70+0.080V | 290+0.100V | 0.25+0.015V |-0.25+0.030V Available
88T2é)¢,;-\;\D 3.800+0.025V | 3.600+0.050V | 2.00+0.080V | 230+0.100V | 0.30+0.015V [-0.25+0.030V Available
SiZé)ﬁé—\E 4250+£0.025V | 4050+£0.050V | 240+0.080V | 270£0.100V | 020£0.015V |-0.15£0.030V Unavailable

Remark Please contact our sales office for products with detection voltage values other than those specified
above.
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
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B Pin Configuration

16-Pin TSSOP
Top view
COP CTLC
VMP CTLD
DOP vDD
VINI VCi1
CDT VC2
CCT VC3
CIT VC4
SEL VSS
Figure 2
Table 2
Pin No. Symbol Description
FET gate connection pin for charge control
1 COP .
(Nch open drain output)
2 VMP Pin for voltage detection between VDD and VMP
3 DOP FET gate connection pin for discharge control FET
(CMOS output)
Pin for voltage detection between VSS and VINI
4 VINI e Pin for discharge overcurrent detection 1,2/Pin for short circuit detection
voltage
e Pin for charge overcurrent detection
5 CDT Capacitor connection pin for delay for overdischarge detection voltage
6 CCT Capacitor connection pin for delay for overcharge detection voltage
Capacitor connection pin
7 CIT for delay detection for discharge overcurrent 1, 2

for delay for charge overcurrent detection

Pin for switching 3-series or 4-series cell

8 SEL ¢ Vg5 level: 3-series cell

¢ Vpp level : 4-series cell

9 VSS Input pin for negative power supply,
Connection pin for battery 4’s negative voltage

10 \VC4 Connection pin for battery 4’s negative voltage

Connection pin for battery 3’s negative voltage,

1 Ves Connection pin for battery 4’s positive voltage
Connection pin for battery 2’s negative voltage,

12 VC2 : . , o
Connection pin for battery 3's positive voltage
Connection pin for battery 1’s negative voltage,

13 VC1 . . , o
Connection pin for battery 2’s positive voltage
Input pin for positive power supply,

14 VDD . ! ) .
Connection pin for battery 1’s positive voltage

15 CTLD Control pin for discharge FET

16 CTLC Control pin for charge FET

4 Seiko Instruments Inc. wyiw.DataSheetdU.com
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B Absolute Maximum Ratings

Table 3
(Ta = 25°C unless otherwise specified)
ltem Symbol Applied Pin Absolute Maximum Ratings Unit
Iannpdu’{/ vSoSItage between VDD Vs o Ves—0.3 to Vst24 Vv
VC1, VC2, VC3, VC4,
Input pin voltage Vin CTLC, CTLD, SEL, Vss—0.3 to Vpp+0.3 \%
CCT, CDT, CIT, VINI
VMP pin input voltage Vympe VMP Vss—0.3 to Vgst+24 \
DOP pin output voltage Vpop DOP Vss—0.3 to Vpp+0.3 \%
COP pin output voltage Vcop COP Vss—0.3 to Vgst+24 V
Power dissipation Po o 400 (When not mOL*11nted on board) | mW
1100 mwW
Operating ambient temperature | To — —40 to +85 °C
Storage temperature Tstg — —40 to +125 °C

*1. When mounted on board
[Mounted board]
(1) Board size :

114.3 mm x 76.2 mm x 1.6 mm

(2) Board name : JEDEC STANDARD51-7

Caution The absolute maximum ratings are rated values exceeding which the product could suffer

physical damage. These values must therefore not be exceeded under any conditions.
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Figure 3 Power Dissipation of Package (When Mounted on Board)
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
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B Electrical Characteristics

Table 4 (1/2)
(Ta = 25°C unless otherwise specified)
Item Symbol Conditions Min. | Typ. | Max | Unit C-:-reClSJtlt
[ DETECTION VOLTAGE ]
Overcharge detection voltage n v 3.8V104.6V, Adjustable Veun Veun Veun vV 2
(n=1,2,3,4) cn | 50 mV step -0.025 +0.025
Overcharge release voltage n Vein Vein Vein
(n=1,2,3,4) Vo | 36VI04BY. | Va#Vou | 405 2005 | V| 2
Adjustable Y v Y
\/ st - CLn ClLn CLn
S0mV step Va=Vou | g5 0025 | YV 2
Overdischarge detection voltage n v 2.0 V10 3.0V, Adjustable Vbin Vbun Voin vV 2
(n=1,2,34) Pn ] 100 mV step -0.08 +0.08
Oviardlscharge release voltage n Vour 20Vt034V, VoL # Voy Voun Vbun Vbun Vv 2
(n=1,2,3,4) : -0.10 +0.10
Adjustable v v v
100 mV Step VDL = VDU _OD(l;ns Dun +0D8ns V 2
Discharge overcurrent detection : Voiovi | Voiov1 | Voiowt
voltage 1 Voiovt 0.05V1t00.30V, Adjustable _0.015 40015 \ 2
Discharge overcurrent detection
voltage 2 Vpiovz — 0.4 05 0.6 \Y 2
Short circuit detection voltage VsHorT — 0.7 1.0 1.3 V 2
Charge overcurrent detection , Veov | Veov | Veiov
voltage Veov | —0.25V to -0.05 V, Adjustable 003 1003 Vv 2
Temperature coefficient 1 Teoer | Ta=0°Cto50°C ° -1.0 0 1.0 |mvec| 2
Temperature coefficient 2 Teoez | Ta=0°C to 50°C ° -0.5 0 05 [mvrCc| 2
[ DELAY TIME FUNCTION]™
CCT pin internal resistance Rine V1=47V,V2=V3=V4=35V 6.15 8.31 10.2 MQ 3
CDT pin internal resistance Rino V1=15V,V2=V3=V4=35V 615 831 1020 kQ 3
CIT pin internal resistance 1 Rinn V1=V2=V3=V4=35V 123 166 204 kQ 3
CIT pin internal resistance 2 Rini V1=V2=V3=V4=35V 12.3 16.6 20.4 kQ 3
, . VDS =152V Vs Vps Vbs
CCT pin detection voltage Voor | y1=47v,v2=v3=v4=35V | x068 | x070 | x072 | V 3
. . VDS =120V VDS VDS VDS
CDT pin detection voltage Voor | y1=15v,va=v3=v4=35V | x068 | x070 | x072 | V 3
. . VDS =140V VDS VDS VDS
CIT pin detection voltage Vor | y1=vo=v3=Vv4=35V «068 | x070 | x072 | V 3
Short circuit detection voltage . _
delay time tshorr | FET gate capacitance = 2000 pF 100 300 600 us 3
[0V BATTERY CHARGE FUNCTION ]
Charger voltage for start charging . .
0V battery Vocha | available 0 V charging — 0.8 15 \ 4
Battery voltage for inhibit A .
charging 0V battery Voinu inhibit 0 V charging 0.4 0.7 1.1 \Y 4
[ INTERNAL RESISTANCE ]
Resistance between
VMP and VDD Rvmp — 0.5 1 15 MQ 5
Resistance between
VMP and V/SS Rums — 450 900 1800 kQ 5
6 Seiko Instruments Inc. wyiw.DataSheetdU.com



BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK

Rev.2.2 oo S-8204A Series
Table 4 (2/2)
(Ta = 25°C unless otherwise specified)
Item Symbol Conditions Min. Typ. Max. Unit Test_
circuit
[INPUT VOLTAGE ]
Operating voltage between VDD V Fixed output voltage of DOP 2 L 29 vV 9
and VSS DSOP | and COP
CTLC input voltage “H” Verich | VI=V2=V3=V4=35V — — 0.91 Vv 2
CTLC input voltage “L” Vool | VI=V2=V3=V4=35V 0.59 — — V 2
CTLD input voltage “H” Veroy | VI=V2=V3=V4=35V — — 0.91 V 2
CTLD input voltage “L” Venor | V1=V2=V3=V4=35V 0.59 — — V 2
H “wpgn VDS = 14.0 V VDS
SEL input voltage “H VseLH V1=V2=V3=Va=35Y <08 — — Vv 2
. « VDS =140V VDS
SEL input voltage “L Vsew V1=V2=V3=Va=35Y — — 0.2 Vv 2
[INPUT CURRENT ]
Current consumption NI N\ IA
during operafion lope V1=V2=V3=V4=35V — 15 33 HA 1
Current consumption i e A
al power-down lpoN V1=V2=V3=V4=15V — — 0.1 UA 1
VC1 pin current lvcy V1=V2=V3=V4=35V -0.3 0 0.3 pA 5
VC2 pin current lveo V1=V2=V3=V4=35V -0.3 0 0.3 uA 5
VC3 pin current lvcs V1=V2=V3=V4=35V -0.3 0 0.3 uA 5
VC4 pin current lvca V1=V2=V3=V4=35V -6.0 -3.0 -0.5 uA 5
V1=V2=V3=V4=35V,
CTLC pin current “H” lcrien | Maximum current flowing into 3.0 10.0 20.0 pA 5
CTLC pin
CTLC pin current ‘L lona, | o1 - V2=V3=VA=35Y, 08 | 06 | 04 | uA 5
Verie = Vss
V1=V2=V3=V4=35V,
CTLD pin current “H” lcrion | Maximum current flowing into 3.0 10.0 20.0 uA 5
CTLD pin
CTLD pin current ‘L” oo | o V2 ZVE=VA=3SY, 08 | 06 | 04 | uA 5
Ve = Vss
SEL pin current “H” IseLH y =Y\2/= V3=v4=35V, — — 0.1 HA 5
SEL — VDD
SEL pin current “L” lseLL M =Y2 =V3=Va=35V, -0.1 — — pA 5
VseL = Vss
[ OUTPUT CURRENT]
COP pin leakage current lcon Veop =22V — — 0.1 uA 5
COP pin sink current lco Veop =Vss + 0.5V 10 — — pA 5
DOP pin source current IpoH Voor =Vpp - 0.5V 10 — — pA 5
DOP pin sink current IpoL Vpop =Vss + 0.5V 10 — — uA 5

*1. Voltage temperature coefficient 1 :
*2. Voltage temperature coefficient 2 :

Overcharge detection voltage

Discharge overcurrent detection voltage 1

*3. Since products are not screened at high and low temperature, the specification for this temperature range is
guaranteed by design, not tested in production.

*4, Delay time function is described in “® Operation” in detail.

Seiko Instruments Inc.
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
S-8204A Series Rev.2.2 oo

B Test Circuit

In this chapter, describing how to test the S-8204A Series. In case of selecting to use it for 4-series cell
battery, set SEL pin = Vp level. For 3-series cell battery, set SEL pin = Vss level and short between VC3 and
VC4 pin.

1. Current consumption during operation and power-down (Test circuit 1)

1.1 Current Consumption during Operation (lopg)

The current at the VSS pin when V1 = V2 = V3 = V4 = 35V and Vyw = Vpp is the current
consumption during operation (Iopg).

1.2 Current Consumption at Power-down (lppy)
The current at the VSS pin when V1 = V2 = V3 =V4 =15V and Vyw = Vss is the current

consumption at power-down (lppy).

2. Overcharge Detection Voltage, Overcharge Release Voltage, Overdischarge Detection Voltage,
Overdischarge Release Voltage, Discharge Overcurrent Detection Voltage 1, Discharge
Overcurrent Detection Voltage 2, Short circuit detection voltage, Charge Overcurrent Detection
Voltage, CTLC Input Voltage “H”, CTLC Input Voltage “L”, CTLD Input Voltage “H”, CTLD Input
Voltage “L”, SEL Input Voltage “H”, SEL Input Voltage “L” (Test circuit 2)

Confirm both COP and DOP pins are in “L” (its voltage level is Vps x 0.1 V or less) after setting Vyyp =
VSEL = VDDy VVINI = VCTLC = VCTLD = Vss, CCT pln = Open, CDT pln = Open, CIT pln = Open, V1=V2-=
V3 =V4 =3.5V. (This status is referred to as initial state.)

2.1 Overcharge Detection Voltage (Vcy1), Overcharge Release Voltage (Vci1)

The overcharge detection voltage (Vcy.) is a voltage at V1; when the COP pin’s voltage is set to “H”
(its voltage level is Vps x 0.9 V or more) after increasing a voltage at V1 gradually from the initial state.
After that, decreasing a voltage at V1 gradually, a voltage at V1 when the COP pin’s voltage is set to
“L”; is the overcharge release voltage (V¢i+)-

2. 2 Overdischarge Detection Voltage (Vp_4), Overdischarge Release Voltage (Vpy4)

The overdischarge detection voltage (Vp_1) is a voltage at V1; when the DOP pin’s voltage is set to “H”
after decreasing a voltage at V1 gradually from the initial state. After that, increasing a voltage at V1
gradually, a voltage at V1 when the DOP pin’s voltage is set to “L”; is the overdischarge release
voltage (Vpu1).

By changing the voltage at Vn (n = 2 to 4), users can define the overcharge detection voltage (Vcun),
the overcharge release voltage (Vci,), the overdischarge detection voltage (Vp.,), the overdischarge
release voltage (Vpu,) as well when n = 1.

2. 3 Discharge Overcurrent Detection Voltage 1 (Vpiov1)

The discharge overcurrent detection voltage 1 (Vpov4) is the VINI pin’s voltage; when the DOP pin’s
voltage is set to “H” after increasing the VINI pin’s voltage gradually from the initial status.

2. 4 Discharge Overcurrent Detection Voltage 2 (Vpiov2)

The discharge overcurrent detection voltage 2 (Vpoy2) is a voltage at the VINI pin; when a flowing
current from the CIT pin reaches 500 uA or more after increasing the VINI pin’s voltage gradually from
the initial status.

8 Seiko Instruments Inc. wyiw.DataSheetdU.com
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2.5 Short circuit Detection Voltage (Vsnorr)

The short circuit detection voltage (Vsnorr) is the VINI pin’s voltage; when the DOP pin’s voltage is set
to “H” after increasing the VINI pin’s voltage gradually from the initial state after setting the CIT pin’s
voltage to the Vgs level.

2. 6 Charge Overcurrent Detection Voltage (Vciov)
The charge overcurrent detection voltage (Vciov) is the VINI pin’s voltage; when the COP pin’s voltage
is set to “H” after decreasing the VINI pin’s voltage gradually from the initial status.

2.7 CTLC Input Voltage “H” (Vcrich), CTLC Input Voltage “L” (Vcricl)

The CTLC input voltage “H” (Vcricn) is the CTLC pin’s voltage; when the COP pin’s voltage is set to
“H” after increasing the CTLC pin’s voltage gradually from the initial status. After that, decreasing the
CTLC pin’s voltage gradually, the CTLC pin’s voltage when the COP pin’s voltage is set to “L”; is the
CTLC input V0|tage “L” (VCTLCL)-

2.8 CTLD Input Voltage “H” (Vcripn), CTLD Input Voltage “L” (Vcriol)

The CTLD input voltage “H” (Vcrion) is the CTLD pin’s voltage; when the DOP pin’s voltage is set to
“H” after increasing the CTLD pin’s voltage gradually from the initial state. After that, decreasing the
CTLD pin’s voltage gradually, the CTLD pin’s voltage when the DOP pin’s voltage is set to “L”; is the
CTLD input voltage “L” (VcripL)-

2.9 SEL Input Voltage “H” (VseLn), SEL Input Voltage “L” (VsgL)

Start from the initial status, set V4 = 0 V. Confirm the DOP is in “H”. After that, decreasing the SEL
pin’s voltage gradually, the SEL pin’s voltage when the DOP pin’s voltage is set to “L”; is the SEL input
voltage “L” (VseLL)- After that, increasing the SEL pin’s voltage gradually, the SEL pin’s voltage when
the DOP pin’s voltage is set to “H”; is the SEL input voltage “H” (VsgLn).

3. CCT pin Internal Resistance, CDT pin Internal Resistance, CIT pin Internal Resistance 1, CIT pin
Internal Resistance 2, CCT pin Detection Voltage, CDT pin Detection Voltage, CIT pin Detection
Voltage, Short circuit Detection Voltage Delay Time (Test circuit 3)

Confirm both COP and DOP pinS are in “L” after Setting VVMP = VSEL = VDDa VVINI = VCTLC = VCTLD =CCT
= CDT =CIT =Vss, V1 =V2=V3=V4 =3.5V. (This status is referred to as initial state.)

3.1 CCT pin Internal Resistance (Rx¢)
The CCT pin internal resistance (Rinc) is Rinc = Vps / leer, lcctis the current which flows from the CCT
pin when setting V1 = 4.7 V from the initial status.

3.2 CDT pin Internal Resistance (R\p)
The CDT pin internal resistance (Rnp) is Rino = Vps / lepr, Icpris the current which flows from the CDT
pin when setting V1 = 1.5 V from the initial status.

3. 3 CIT pin Internal Resistance 1 (R\yy1)
The CIT pin internal resistance 1 (Rini1) is Rinit = Vos / lair1, lair is the current which flows from the CIT
pin when setting Vyini = Vpiovs max. + 0.05 V from the initial status.

3.4 CIT pin Internal Resistance 2 (Ry;2)

The CIT pin internal resistance 2 (Rini2) is Riniz = Vs / laires lairz is the current which flows from the CIT
pin when setting Vyini = Vpiov2 max. + 0.05 V from the initial status.

Seiko Instruments Inc. wyw.DataSheetalProm
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S-8204A Series Rev.2.2 oo

3.5 CCT pin Detection Voltage (Vccr)

The CCT pin detection voltage (Vccr) is the voltage at the CCT pin when the COP pin’s voltage is set
to “H” (voltage Vps x 0.9 V or more) after increasing the CCT pin’s voltage gradually, after setting V1 =
4.7 V from the initial state.

3.6 CDT pin Detection Voltage (Vcpr)

The CDT pin detection voltage (Vcpr) is the voltage at the CDT pin when the DOP pin’s voltage is set
to “H” (voltage Vps x 0.9 V or more) after increasing the CDT pin’s voltage gradually, after setting V1 =
1.5V from the initial state.

3.7 CIT pin Detection Voltage (V¢1)

The CIT pin detection voltage (V¢7) is the voltage at the CIT pin when the DOP pin’s voltage is set to
“H” (voltage Vps x 0.9 V or more) after increasing the CIT pin’s voltage gradually, after setting Vi =
Vbiov1 max. + 0.05 V from the initial state.

3. 8 Short circuit Detection Voltage Delay Time (tsuorT)

Short circuit detection voltage delay time (tsyort) is a period in which the DOP pin’s voltage changes
from “L” to “H” by changing the DOP pin’s voltage instantaneously from the initial state to Vsporr
max.+ 0.05 V.

4. Charger Voltage for Start Charging 0 V Battery, Battery Voltage for Inhibit Charging 0 V Battery
(Test circuit 4)

According to user’s selection of the function to charge 0 V battery, either function of Charger voltage for
start charging 0 V battery or Battery voltage for inhibit charging 0 V battery is applied to each product.

4.1 Charger Voltage for Start Charging 0 V Battery (Vocha) (Product with function to charge 0V
battery)

In this Charger voltage for start charging 0V battery, when V1 =V2 =V3 =V4 =0V, Vymp = Vocha
max., the COP pin’s voltage is Vocpa max. —1 V or less.

4. 2 Battery Voltage for Inhibit Charging 0 V Battery (Vonu) (Product with function to inhibit
charging 0V battery)

In this Battery voltage for inhibit charging 0 V battery, when V1 = V2 = V3 = V4 = Vg yy min., Vyyp = 22
V, the COP pin’s voltage is Vyyp —1 V or more.

5. Resistance between VMP and VDD, Resistance between VMP and VSS, VC1 Pin Current, VC2 Pin
Current, VC3 Pin Current, VC4 Pin Current, CTLC Pin Current “H”, CTLC Pin Current “L”, CTLD
Pin Current “H”, CTLD Pin Current “L”, SEL Pin Current “H”, SEL Pin Current “L”, COP Pin
Leakage Current, COP Pin Sink Current, DOP Pin Source Current, DOP Pin Sink Current (Test
circuit 5)

Set VVMP = VSEL = VDD: VVINI = VCTLC = VCTLD = Vss, V1 =V2=V3=V4=35YV, set other pinS open. (ThlS
status is referred to as initial state.)

5.1 Resistance between VMP and VDD (Rywp)

The value of resistance between VMP and VDD (Rymp) can be defined by Rymp = Vps/lvwp by using the
VMP pin’s current (lymp) when Vy = 1.5 V and Vyyp = Vss after the initial status.

10 Seiko Instruments Inc. wyiw.DataSheetdU.com
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5.2 Resistance between VMP and VSS (Ryys)
The value of resistance between VMP and VSS (Ryms) can be defined by Ryms = Vps/lyms by using the
VMP pin’s current (lyys) when V1 = V2 =V3 =V4 = 1.8V after the initial status.

5.3 VC1 Pin Current (lyc1), VC2 Pin Current (lyc2), VC3 Pin Current (lyc;3), VC4 Pin Current (lycs)

In the initial status, each current flows in the VC1 pin, VC2 pin, VC3 pin, VC4 pin is the VC1 pin
current (lycq), the VC2 pin current (lycz), the VC3 pin current (lycz), the VC4 pin current (lycs),
respectively.

5.4 CTLC Pin Current “H” (IctLch), CTLC Pin Current “L” (lctLcL)

The current which flows in the CTLC pin at the initial status is the CTLC pin current “L” (IctcL). After
that, increasing the CTLC pin’s voltage gradually, the maximum current which flows in the CTLC pin is;
a CTLC pin current “H” (IcLch)-

5.5 CTLD Pin Current “H” (IctLpn), CTLD Pin Current “L” (lctLpL)

In the initial status, a current which flows in the CTLD pin is the CTLD pin current “L” (IctipL). After that,
increasing the CTLD pin’s voltage gradually, the maximum current which flows in the CTLD pin is; the
CTLD pin current “H” (IctLpR)-

5.6 SEL Pin Current “H” (Isg.n), SEL Pin Current “L” (Isg..)
In the initial status, a current which flows in the SEL pin is the SEL pin current “H” (Isg ). After that, a
current which flows in the SEL pin when setting Vsg. = Vss is; the SEL pin current “L” (Isg.).

5.7 COP Pin Leakage Current (Icon), COP Pin Sink Current (Ico.)

Start from the initial status, set Vcop = Vss+ 0.5V, a current which flows in the COP pin is the COP pin
sink current (IcoL). After that, a current which flows in the COP pin when setting V1 =V2 =V3 =V4 =
5.5V, Vcop = Vpp is; the COP pin leakage current (Icon).

5.8 DOP Pin Source Current (Ipon), DOP Pin Sink Current (Ipo.)

Start from the initial status, set Vpop = Vss+ 0.5V, a current which flows in the DOP pin is the DOP pin
sink current (Ipo). After that, a current which flows in the DOP pin when setting V1 =V2 =V3 =V4 =
1.8V, Vpop = Vpp —0.5 V is; the DOP pin source current (Ipon).
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Figure 5 Test Circuit 2
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—C— 4 VINI VC1 13 =3 -9
= V2
—] 5 cDT VC2 123 =
—]6 cCT VC3 113 lw
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’—: 8 SEL VSS9 A
1 Ci=
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Figure 4 Test Circuit 1
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Figure 6 Test Circuit 3
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S-8204A
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Figure 7 Test Circuit 4
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Figure 8 Test Circuit 5
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B Operation

Remark Refer to “@ Connection Example of Battery Protection IC”.

1. Normal Status

In the S-8204A Series, both of COP and DOP pins get the Vg level; when all values of battery voltage
are in the range of overdischarge detection voltage (Vp.,) to overcharge detection voltage (Vcun), and due
to the discharge or charge current, the VINI pin’s voltage is in the range of charge overcurrent detection
voltage (V¢iov) to discharge overcurrent detection voltage 1 (Vpiov4)- This is the normal status. In addition,
the charge/discharge FETs are on.

2. Overcharge Status

In the S-8204A Series, when any voltage of the batteries increases to the level of V¢, or more, the COP
pin is set in high impedance. This is the overcharge status. The COP pin is pulled up to EB+ by an
external resistor so that the charge FET is turned off and it stops charging.

This overcharge status is released if either condition 1 or 2 is satisfied;
(1) In case that the VMP pin voltage is set 39/40 x Vps or more; all voltages of the batteries are in the
level of overcharge release voltage (Vc.,) or more.
(2) In case that the VMP pin voltage is set 39/40 x Vps or less; all voltages of the batteries are in the
level of Vcy, or less.

3. Overdischarge Status

In the S-8204A Series, when any voltage of the batteries decreases to the level of Vp,, or less, the DOP
pin voltage gets the Vpp level. This is the overdischarge status. The discharge FET is turned off and it
stops discharging.

This overdischarge status is released/maintained if either condition 1 to 3 is satisfied,;
(1) To release; the VMP pin voltage is in the Vpp level or more, all voltages of the batteries are in the
Vpin level or more.
(2) To release; the VMP pin voltage is Vps/2 or more and the VMP pin voltage is in the Vpp level or
less; all voltages of the batteries are in the level of overdischarge release voltage (Vpuyn) or more.
(3) The VMP pin voltage is Vps/2 or less, the S-8204A Series maintains the power-down status.

4. Power-down Status

In the S-8204A Series, when it reaches the overdischarge status, the VMP pin is pulled down to the Vss
level by a resistor between VMP and VSS pin (Ryys). If the VMP pin voltage decreases to the level of
Vps/2 or less, almost every circuit in the S-8204A stops working so that the current consumption
decreases to the level of current consumption at power down (lppy) oOr less. This is the power-down status.

The power-down status is released if the following condition is satisfied.
(1) The VMP pin voltage gets Vps/2 or more.
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5. Discharge Overcurrent Status

In the S-8204A Series, in batteries in the normal status, the discharging current increases more than a
certain value. As a result, if the status in which the VINI pin voltage increases to the level of Vpoy4 Or
more, the DOP pin gets the Vpp level. This is the discharge overcurrent status. The discharge control FET
is turned off and it stops discharging.

This IC has three levels for discharge overcurrent detection (Vpiov1, Voiov2, Vshort)- In the status of
discharge overcurrent, the COP pin is set in high impedance. The VMP pin is pulled up to the Vpp level by
a resistor between VMP and VDD pin (Rywmp).

The S-8204A Series’ actions against discharge overcurrent detection voltage 2 (Vpiov2) and short circuit
detection voltage (Vsnort) are as well in Vpoys.

The status of discharge overcurrent is released if the following condition is satisfied.
(1) The VMP pin voltage gets Vps —1.2 V (Typ.) or more.

6. Charge Overcurrent Status

In the S-8204A Series, in batteries in the normal status, the charge current increases more than a certain
value. As a result, if the status in which the VINI pin voltage decreases to the level of V¢ oy or less, the
COP pin is set in high impedance. This is the charge overcurrent status. The charge control FET is turned
off and it stops charging.

In this charge overcurrent status, the VMP pin is pulled-up to the Vpp level by Ryyp. Also in the
overdischarge status, the function of charge overcurrent detection works.

The status of charge overcurrent is released if the following condition is satisfied.
(1) The VMP pin voltage gets Vps or less.

7. 0V Battery Charge Function

In this IC, regarding how to charge a discharged battery (0 V battery), users are able to select either
function of the two mentioned below.
(1) Allow to charge a 0 V battery (enable to charge a 0 V battery)
A 0V battery is charged;
when the voltage of a charger is charger voltage for start charging 0 V battery (Vocya) or more.
(2) Inhibit charging a 0 V battery (unable to charge a 0 V battery)
A 0V battery is not charged;
when the voltage of a charger is battery voltage for inhibit charging 0 V battery (Vony) or less.

Caution When the VDD pin voltage is less than the minimum value of operation voltage between
VDD and VSS pin (Vpsop), this IC’s action is not assured.
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8. Delay Time Setting

In the S-8204A Series, users are able to set delay time for the period; from detecting any voltage of the
batteries or detecting changes in the voltage at the VINI pin, to the output to the COP, DOP pin. Each
delay time is determined by a resistor in the IC and an external capacitor.

In the overchage detection, when any voltage of the batteries gets V¢y, or more, the S-8204 starts
charging to the CCT pin’s capacitor (Ccct) via the CCT pin’s internal resistor (Rinc). After a certain period,
the COP pin is set in high impedance if the voltage at the CCT pin reaches the CCT pin detection voltage
(Vcer)- This period is overcharge detection delay time (tcy).

tcu is calculated using the following equation (Vps = V1 + V2 + V3 + V4).

tcu [s] = —In (1 = Veer / Vos ) X Ceer [UF] X Rine [MQ]
=-In (1-0.7 (Typ.)) X Cccr [UF] x 8.31 [MQ] (Typ.)
=10.0 [MQ] (Typ.) X Cccr [UF]

Overdischarge detection delay time (tp_), discharge overcurrent detection delay time 1 (ipiov1), discharge
overcurrent detection delay time 2 (tpi0v2), charge overcurrent detection delay time (iciov) are calculated
using the following equations as well.

tD|_ [mS] =_In ( 1- VCDT / VDS) X CCDT [HF] X RIND [kg]

toiovt [ms] = -In (1 - Veir / Vps) X Ceir [UF] X Rinig [KQ]
toiovz [ms] = -In (1 - Veir / Vps) X Cerr [UF] X Riniz [KQ]
tciov [ms] = -In (1 - Veir / Vps) X Ceir [UF] X Rinig [KQ]

In case CCCT = CCDT = CCIT =0.1 [MF], each delay time tcu, toL, tDIOV1, tD|OV21 tCIOV is calculated as follows.
tcu [s] = 10.0 [MQ] (Typ.) x 0.1 [uF] = 1.0 [s] (Typ.)
tpL [ms] = 1000 [kQ] (Typ.) x 0.1 [uF] = 100 [ms] (Typ.)
toiovs [ms] = 200 [k€2] (Typ.) x 0.1 [uF] = 20 [ms] (Typ.)
toiov2 [ms] = 20 [kQ] (Typ.) x 0.1 [uF] = 2.0 [ms] (Typ.)
tciov [ms] = 200 [kQ] (Typ.) x 0.1 [uF] = 20 [ms] (Typ.)

Short circuit detection voltage delay time (tsport) is fixed internally.
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9. CTLC and CTLD Pins

The S-8204A Series has two pins to control. The CTLC pin controls the output voltage from the COP pin,
the CTLD pin controls the output voltage from the DOP pin. Thus it is possible for users to control the
output voltages from the COP pin and DOP pin independently. These controls precede the battery
protection circuit.

Table 5 Conditions Set by CTLC Pin

CTLC Pin COP Pin
High™" High-Z
Open > High-Z
Low > Normal status *
*1. ngh, CTLC > VericH
*2. Pulled up by leTieL
*3. Low; CTLC < VericH
*4. The status is controlled by the voltage detection circuit.
Table 6 Conditions Set by CTLD Pin
CTLD Pin DOP Pin
High™" Vpp level
Open™ Vpp level
Low 2 Normal status °
*1. ngh, CTLD > VerioH
*2. Pulled up by lcripL
*3. Low; CTLD < VCTLDL
*4. The status is controlled by the voltage detection circuit.

Caution Note that when the power supply fluctuates, unexpected behavior might occur if an
electrical potential is generated between the potentials of “L” level input to the

CTLC/CTLD pins and IC’s Vgg by external filters Ryss and Cyss.
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10. SEL pin

The S-8204A Series has a pin to switch-control the protection for 3-cell or 4-cell battery. The
overdischarge detection for V4-cell is inhibited by setting the SEL pin “L”, so that short-circuiting the V4
cell does not allow the overdischarge detection. This setting makes it possible to use the S-8204A Series
for 3-cell protection. The SEL pin precedes the battery protection circuit. Be sure to use the SEL pin in “H”

Table 7 Protect Conditions Set by SEL Pin

SEL Pin Condition
High*1 4-cell protection
Open Indefinite
Low > 3-cell protection

*1. ngh, SEL > VsELH
*2. Low; SEL < VseLL

Table 8 Conditions Set by SEL Pin in Cascade Connection

In cascade connection, it is possible to use the S-8204A Series for protecting 6, 7 or 8-cell battery by
combining the electrical level of SEL pin.

SEL pin in S-8204A (1)

Condition

SEL pin in S-8204A (2)
*1

Low Low 6-series cell protection
Low " High 2 7-series cell protection
High > High™ 8-series cell protection

*1. Low; SEL < Vgg
*2. High; SEL > Vgg 4

Seiko Instruments Inc.
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S-8204A Series

B Timing Chart (in the circuit in Figure 12, 13)

1. Overcharge Detection and Overdischarge Detection

A

VCUn

VCLn
Battery voltage

VDLn

(n=1to4)

'
A :
]

_____________________

-------------------------

VDD

DOP pin voltage

Vss :

________________________

A 1 i

_______________________

VEB+

COP pin voltage

__________________

39/40XVDD
VMP pin voltage 1/2xVpp

VSS

Charger connection

________________________________________

Load connection '

Overcharge detection

delay time (tcy)
-t

Status ™

________________________________

Overdischarge detection
delay time (tp.)
-

PSP —

<4>

*M., <1>:
<2>:
<3>:

<4>:

Normal status
Overcharge status
Overdischarge status
Power-down status

Remark The charger is assumed to charge with a constant current. Vgg, indicates the open voltage of the

charger.

Figure 9
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2. Discharge Overcurrent Detection

(6]
I
>

(I
' ]
' 1
'
v

[ I

Ammmmmmmmmmm——————

r

Fommmmmmmmm———an

ORI N

-

Short circuit detection voltage

delay time (tSHORT)

[ SR mygpupuyey PRI

T

Discharge overcurrent
detection delay time 2 (toiov2)

Lemccmccccmceaa

Discharge overcurrent

gy s PRy gy

detection delay time 1(tpiov1)

A

.
[}
H
H
1}
:
H
H
H
H
H
[}
H
1}
H
H
1}
:
1}
H
H
H
H
H
H
H
[}
H
1}
H
H
1}
:
1}
H
H
H
H
[}
H
1}
H
H
1}
:
1}
H
H
H
H
[}
H
1}
H
H
1}
:
1}
H
H
H
H
[}
H
1}
H
H
1}
H
1}
1}
:
1}
H
H
H
H
H
H
1}
H
1}
1}
:
1}
H
H
H
H
[}
H
1}
)
D)
[
:
H
H
H
[}
H
1}
H
H

f=
2
]
>

VCLn 1

Battery voltage

(n=1to4)

DOP pin voltage
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Vss

Vop f--------
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<1>

Status™

<1 >: Normal status

.

< 2 >: Discharge overcurrent status

Remark The charger is assumed to charge with a constant current. Vgg, indicates the open voltage of

the charger.
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3. Charge Overcurrent Detection

g gy

B g e e kil

Sy gy

e mmm e -

g S

High-Z

[

High-Z

L il etk i ettt

et e D
]
|
]
|
]
A

1
]
]
]
'
'
T
1
]
|

FF QP

T S LT

i
"
B
i
!
Vi
T
H
.
i

Charge overcurrent detection
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Vop f-------
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Voiovi f--------

Vss
Veiov f-------}---

Charger connection

delay time (tciov)

S g
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>,.
o
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<4>

Status ™

<1 >: Normal status

.

< 2 >: Charge overcurrent status

< 3 >: Overdischarge status
<4 > : Power-down status

Remark The charger is assumed to charge with a constant current. Vgg, indicates the open voltage of

the charger.

Figure 11
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B Connection Examples of Battery Protection IC
1. 3- Series Cell

Charging [Discharging
FET FET

EB+

Rvmp Rcop gRDOP S-8204A
R
—]1cop cCTLC 163 RCTLC\/\/\/\——O CTLC
]2 VvMP CTLD 1523 SEAMM—OCTLD

] 3 DOP VDD 14—+ = 3
] 4 VINI vC1 133 VC&T__ RVC1\/\/\/\__:|_
Run ofscoT Ve 2 E o —+—EWE

6 CCT vC3 113 iihrw RVC3

T | Coer g 7 CIT vcsa 1033 e

C"—TC 8 SEL VSS 9 Cvss ==
R
T SEL Ryss
@ L 4 R
EB_ SENSE
Figure 12
2. 4- Series Cell
Charging |Discharging
FET FET
EB+ —®
Rvmp Rcop gRDOP S-8204A
RCTLC

7

—OCTLC
—O CTLD

copP CTLC 16
VMP CTLD 15
DOP VDD 14
VINI VC1 13
CDT VC2 12

RCTLD

i

UL

- l
[ Cvoi== Rvet

Rvini Cvez < Rveca

W

0 NOoO O WN -

il
il
T2 nnid

—
CCT ves 11533 V(g il RV°3
ACoo7 |6 cIT VC4 10— g ves
SEL VSS 9 = Cyss
R
SEW\/\ . Rvss
R
EB— O SENSE

Figure 13
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3. 7-Series Cell
Charging Discharging
FET FET
EB+ (O
Rcop
Dcor W gRDOP
Me
%RZ coP CTLC 16 33—
VMP CTLD 15—
%Rs DOP VDD 14 =3 c W.—
VINI vct 133 VgT_,_ R\/C\N‘—_TI_
VC2
cDT ve2 123 VCCZT__ RN\/‘—_T,_
VC3
cct ves 113 A TRV
CIT vca 103 VoL V¢
SEL vss 9o hH T
VSS1
S-8204A (1) R
VSS1
CEB+
RIFD % %RIFC
.
REB+
1 copP CTLC 16 FH—
2 vmP CTLD 153
—{]3 DOP vDD 14 = 499
— CvcsT
= 4 VINI vcl 1353 =
VINI2
o5 coT ve2 123 VCST__
CDT2
6 CCT ves 113 VCT ¢
ZD & - | °F 7 CIT ves 103
Corz (48 seL VSS 9 :l]
%RSELZ S-8204A (2) %_%
EB-O A Rerp Rerie
RSENSE
Figure 14
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Table 9 Constants for External Components (in the circuits in Figure 12, 13)

.

Symbol Typical Range Unit
Rver 1 051t01" kQ
Rvca 1 0.51t0 1" kQ
Rvcs 1 0.51t0 1" kQ
Rvca 1 051t01" kQ
Roop 5.1 21010 kQ
Rcop 1 0.1to 1 MQ
Rymp 5.1 1to 10 kQ
Rerie 1 1to 10 kQ
Retio 1 11010 kQ
Ryini 1 1to 10 kQ
Rsel 1 1to 100 kQ
Rsense — 0 or higher mQ
Ryss 47 22t0 100" Q
o 47 0to 100" nF
Cvco 47 0to 100" nF
Cvcs 47 0to 100" nF
Cvcs 47 0to 100" nF
Ccer 0.1 0.01 or higher uF
Ccot 0.1 0.01 or higher uF
Cerr 0.1 0.01 or higher uF
Cvss 1 0to 2.2 uF

Set up a filter constant to be Ryss X CVSS =47 l.lF e Q and to be Ry¢1 X Cvc1 = Ryca X CVCQ = Ryes X Cvcg
= Rvca X Cvca = Ryss X Cyss.

Caution 1. The above constants may be changed without notice.

2. It is recommended that filter constants between VDD and VSS should be set

approximately to 47 puF ¢ Q.

e.dg., Cvss X RVSS =1.0 l.,LF x 47 Q =47 I.LF o Q)
Sufficient evaluation of transient power supply fluctuation and overcurrent protection
function with the actual application is needed to determine the proper constants. Contact
our sales office in case the constants should be set to other than 47 pF « Q.

3. It has not been confirmed whether the operation is normal in circuits other than the above
example of connection. In addition, the example of connection shown above and the
constants do not guarantee proper operation. Perform thorough evaluation using an
actual application to set the constant.

B Precautions

24

The application conditions for the input voltage, output voltage, and load current should not exceed the
package power dissipation.

Batteries can be connected in any order; however, there may be cases when discharging cannot be
performed when a battery is connected. In such a case, short the VMP pin and VDD pin or connect the
battery charger to return the IC to the normal mode.

If both an overcharge battery and an overdischarge battery are included among the whole batteries, the
condition is set in overcharge status and overdischarge status. Therefore either charging or discharging is
impossible.

Do not apply an electrostatic discharge to this IC that exceeds the performance ratings of the built-in
electrostatic protection circuit.

Sll claims no responsibility for any disputes arising out of or in connection with any infringement by
products including this IC of patents owned by a third party.
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B Characteristics (Typical Data)
1. Current Consumption
11 IOPE VS. VDS

40

1.2 lope vs. Ta

40
35 35
.30 _. 30
E 5%
& 15 e — & 15
S 7 S

10 10
o U ;

0 5 10 15 20 22 40 25 0O 25 50 7585

Vos [V] Ta[°C]
1.3 IpDN VS. VDS 1.4 IPDN vs. Ta

0.10 0.10
o i
—0.07 —0.07
EH: i
50.04 5004
So So

35 35 =

B—m—m—m—mém e € m§ | —
0 5 10 15 20 22 40 25 0 25 50 7585
Vs [V] Ta [°C]

2. Overcharge Detection / Release Voltage, Overdischarge Detection / Release Voltage, Overcurrent
Detection Voltage

21 Vcyvs.Ta 2.2 V¢ vs. Ta
4.375 4.20
4.370
4.365 4.18
S 1309 S 4.16
34.350 —_— P —
< 4.345 =~ S 4.14
4.340
4.335 412
4.330
4.325 4.10
-40 -25 0 25 50 7585 -40 -25 0 25 50 7585
Ta[°C] Ta[°C]
2.3 Vpyvs.Ta 2.4 Vp_vs.Ta
2.80 2.08
—2.74 —_Z
2.2.72 >2.02
3 2.70 = 2.00
> %-gg > 1.98
264 1.96
262 1.94
2.60 1.92
-40 -25 0 25 50 7585 -40 -25 0 25 50 7585
Ta[°C] Ta [°C]
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2.5 VDI0V1 VS. VDS 2.6 VDIOV1 vs. Ta
0.30 0.30
0.29 0.29
0.28 0.28
S'0.27 >'0.27
—0.26 —0.26
g 0.25 3 0.25
o 0.24 o 0.24
>0.23 > 0.23
0.22 0.22
0.21 0.21
0.20 0.20
10 11 12 13 14 15 16 -40 -25 0 25 50 7585
Vs [V] Ta [°C]
2.7 Vpiov2 VS. Vps 2.8 Vbiov2 Vs. Ta
0.60 0.60
0.58 0.58
_.0.56 056
S10.54 51054
~ 0.52 ~ 0.52
0,50 2 0.50
a5 0.48 0 0.48
= 0.46 = 0.46
0.44 0.44
0.42 042
0.40 0.40
10 11 12 13 14 15 16 -40 -25 0 25 50 7585
Vs [V] Ta [°C]
2.9 VsHort VS. Vbs 210 Vshort VS. Ta
1.3 1.3
. 1.2 . 1.2
= 14 = 1.1
Z 10 Z 10
g - g -
% 09 % 09
0.8 0.8
0.7 0.7
10 11 12 13 14 15 16 —40 -25 0 25 50 7585
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
Rev.2.2 0o S-8204A Series

3. CCT pin Internal Resistance / Detection Voltage, CDT pin Internal Resistance / Detection Voltage,
CIT pin Internal Resistance / Detection Voltage and Short circuit Detection Voltage Delay Time

3.1 Rne—-Ta 3.2 Vger—Ta (Vps =15.2V)
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
S-8204A Series

28

Rev.2.2 oo
4. COP/DOP Pin
41 ICOH VS. VCOP 4.2 ICOL VS. VCOP
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No. FT016-A-P-SD-1.1
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TSSOP16-A-PKG Dimensions

TITLE

No. FT016-A-P-SD-1.1
SCALE

UNIT mm
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Feed direction
No. FT016-A-C-SD-1.1
TITLE | TSSOP16-A-Carrier Tape
No. FT016-A-C-SD-1.1
SCALE
UNIT mm
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Enlarged drawing in the central part
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No. FT016-A-R-SD-2.0
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TITLE TSSOP16-A- Reel
No. FT016-A-R-SD-2.0
SCALE QTY. 2,000
UNIT mm
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The information described herein is subject to change without notice.

Seiko Instruments Inc. is not responsible for any problems caused by circuits or diagrams described herein
whose related industrial properties, patents, or other rights belong to third parties. The application circuit
examples explain typical applications of the products, and do not guarantee the success of any specific
mass-production design.

When the products described herein are regulated products subject to the Wassenaar Arrangement or other
agreements, they may not be exported without authorization from the appropriate governmental authority.
Use of the information described herein for other purposes and/or reproduction or copying without the
express permission of Seiko Instruments Inc. is strictly prohibited.

The products described herein cannot be used as part of any device or equipment affecting the human
body, such as exercise equipment, medical equipment, security systems, gas equipment, or any apparatus
installed in airplanes and other vehicles, without prior written permission of Seiko Instruments Inc.

Although Seiko Instruments Inc. exerts the greatest possible effort to ensure high quality and reliability, the
failure or malfunction of semiconductor products may occur. The user of these products should therefore
give thorough consideration to safety design, including redundancy, fire-prevention measures, and
malfunction prevention, to prevent any accidents, fires, or community damage that may ensue.
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