Rev.1.3 oo

BATTERY PROTECTION IC .
FOR 3-SERIES OR 4-SERIES CELL PACK S-8204B Series

The S-8204B 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 using cascade connection, it is also possible to protect 5-
series or more cells rechargeable lithium-ion battery pack.

B Features

(1) High-accuracy voltage detection for each cell
e Overcharge detection voltage n (n =110 4) 3.8t04.6 V (50 mV step) Accuracy +25 mV
o QOvercharge release voltage n (n = 1 to 4) 36t04.6V" Accuracy +50 mV
e Overdischarge detection voltage n (n =1 to 4) 2.0t0 3.0V (100 mV step) Accuracy 80 mV
e QOverdischarge release voltage n (n = 1 to 4) 2.0t03.4V? Accuracy +100 mV

(2) Discharge overcurrent detection in 3-step
o Discharge overcurrent detection voltage 1 0.051t0 0.30 V (50 mV step) Accuracy +15 mV
o Discharge overcurrent detection voltage 2 0.5V (fixed) Accuracy £100 mV
e Short circuit detection voltage 1.0V (fixed) Accuracy £300 mV

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

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

(4) Switchable between 3-series and 4-series cell by using the SEL pin
(5) Independent charging and discharge control by the control pins
(6) Withstand voltage element Absolute maximum rating : 24 V
(7) Wide range of operation voltage 2to22V
(8) Wide range of operation temperature —40 to +85°C
(9) Low current consumption
e Operation mode 33 LA max. (+25°C)
e Power-down mode 0.1 LA max. (+25°C)

(10) Lead-free product

*1. Overcharge hysteresis voltage n (n = 1 to 4) is selectable in 0 V, orin 0.1 V to 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 V t0 0.7 V in 100 mV step.
(Overdischarge hysteresis voltage = Overdischarge release voltage — Overdischarge detection voltage)

Applications

o Rechargeable lithium-ion battery packs

B Package

Drawing Code
Tape
FT016-A

Package Name
Reel

FT016-A

Package
16-Pin TSSOP FT016-A

—
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B Block Diagram
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Remark Diodes in the figure are parasitic diodes.

Figure 1
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B Product Name Structure
1. Product Name

S-8204B XX - XXXX G

I

Package name (abbreviation) and packing specifications*1
TCT1 : 16-Pin TSSOP, Tape

Serial code™
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
Overcharge  [Overcharge Release| Overdischarge Overdischarge Discharge
Product Name/ . 9 g . g g Overcurrent 0V Battery
Detection Voltage Voltage Detection Voltage | Release Voltage . .
ltem Detection Voltage 1 | Charge Function
Veu Va A Vou Voo

S-8204BAB-TCT1G |4.350 + 0.025 V [4.150 + 0.050 V [2.00 +0.080 V |[2.70+0.100 V | 0.25+0.015V Available
S-8204BAC-TCT1G |4.225 +0.025 V |4.075+ 0.050 V |2.30 £0.080 V [3.00+0.100 V | 0.10 £0.015V Available
S-8204BAD-TCT1G [3.800 + 0.025 V| 3.600 + 0.050 V [2.00 +£0.080 V {2.30 £0.100 V | 0.30 £ 0.015 V Available
Remark Please contact our sales office for products with detection voltage values other than those specified above.
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B Pin Configuration

16-Pin TSSOP
Top view
COP CTLC
VMP CTLD
DOP VDD
VINI VC1
CDT VC2
CCT VC3
CIT VC4
SEL VSS
Figure 2
Table 2
Pin No. Symbol Description
1 COP FET gate connection pin for charge control
(Pch 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)
4 VINI Pin for voltage detection between VSS and VINI
Pin for discharge overcurrent detection 1, 2/Pin for short circuit detection voltage
5 CDT Capacitor connection pin for delay for overdischarge detection voltage
6 CCT Capacitor connection pin for delay for overcharge detection voltage
7 CIT Capacitor connection pin for delay for discharge overcurrent detection 1, 2
8 SEL Pin for switching 3-series or 4-series cell
® Vss 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 3’'s negative voltage,
Connection pin for battery 4’s positive voltage
11 VC3 Connection pin for battery 2’s negative voltage,
Connection pin for battery 3’s positive voltage
12 VC2 Connection pin for battery 1’s negative voltage,
Connection pin for battery 2's positive voltage
13 VC1 Connection pin for battery 1’s positive voltage
14 VDD Input pin for positive power supply,
Connection pin for battery 1’s positive voltage
15 CTLD Control pin for discharge FET
16 CTLC Control pin for charge FET
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B Absolute Maximum Ratings

Table 3
(Ta = 25°C unless otherwise specified)
ltem Symbol Applied Pin Absolute Maximum Ratings Unit
yg;t voltage between VDD and Vos . Vss—0.3 to Vest24 v
VC1, VC2, VC3, VC4,
Input pin voltage Vin CTLC, CTLD, SEL, Vss—0.3 to Vpp+0.3 \Y
CCT, CDT, CIT, VINI
VMP pin input voltage Vymp VMP Vss—0.3 to Vss+24 V
DOP pin output voltage Vpop DOP Vss—0.3 to Vpp+0.3 V
COP pin output voltage Vcop COP Vpp—24 to Vpp+0.3 V
Power dissipation Pp — 1100™ mwW
Operating ambient temperature Topr — —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 t1.6 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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B Electrical Characteristics

Table 4 (1/2)
(Ta = 25°C unless otherwise specified)

Item Symbol Conditions Min. Typ. Max. Unit TGSt.
circuit
[ DETECTION VOLTAGE ]
Overcharge detection voltage n v 3.8t04.6 V, Adjustable Veun v Veun v 9
(n=1,2,3,4) e | 50 mV step -0.025 | """ | +0.025
VCLn VCLn
Overcharge release voltage n 3'6. 046V, Ve # Veu —-0.05 Vet +0.05 v 2
Vein | Adjustable
(n=1,2,3,4) 50 mV step Ve = V. Vein v Vein v 2
o -0.025 | "°" | +0.025
Overdischarge detection voltage n v 2.0t0 3.0V, Adjustable Vbin v Vbin v 9
(n=1,2,3,4) Pt 1 100 mV step -0.08 Pr | 10.08
VDUn VDUn
Overdischarge release voltage n 2'0. 034V, Vou # Vou -0.10 Voun +0.10 v 2
Vpun | Adjustable
(h=1234) 100 mV step VoL =V Voun |-y, Voun |y, 2
by -0.08 P | 40.08
Discharge overcurrent detection . Vbiovi1 Vbiov1
Voltage 1 VDIOV1 0.05t00.30 V, Adjustable _0.015 VDIOV1 410.015 \Y 2
Discharge overcurrent detection
voltage 2 Vpiovz — 0.4 0.5 0.6 \Y 2
Short circuit detection voltage VsHorT — 0.7 1.0 1.3 \Y 2
Temperature coefficient 1 B Tcoer | Ta=0to 50°C™ -1.0 0 1.0 mV/°C 2
Temperature coefficient 2 Tcoez | Ta=0to 50°C™ -0.5 0 0.5 mV/°C 2
[ DELAY TIME FUNCTION]
CCT pin resistance Recer [V1=47V,V2=V3=V4=35V | 6.15 8.31 10.2 MQ 3
CDT pin resistance Repr |V1=15V,V2=V3=V4=35V | 615 831 1020 kQ 3
CIT pin resistance 1 Rer1 [V1=V2=V3=V4=35V 123 166 204 kQ 3
CIT pin resistance 2 Remz |V1=V2=V3=V4=35V 12.3 16.6 204 kQ 3
VDS =152V VDS VDS VDS
i i V \%
CCT pin detection voltage T IV1=47V,v2=V3=V4=35V | x0.68 | x0.70 | x0.72 3
VDS =120V VDS VDS VDS
i i V \Y 3
CDT pin detection voltage P IVi=15V,v2=V3=V4=35V | x068 | x0.70 | x0.72
Vps =14.0V Vps Vbs Vbs
i i V \Y 3
CIT pin detection voltage °T lvi=v2=Vv3=Vv4=35V x0.68 | x0.70 | x0.72
Short circuit detection voltage . _
delay time tshort | FET gate capacitance = 2000 pF 100 300 600 us 3
[0V BATTERY CHARGE FUNCTION ]
Voltage for start charging 0 V Vocra | available 0V charging — 12 | 20 v 2
battery
Battery voltage for inhibit L .
charging 0 V battery Vo | inhibit 0 V charging 0 0.7 1.1 \% 2
[ INTERNAL RESISTANCE ]
Resistance between
VMP and VDD Rvwo — 05 1 15 | Mo 4
Resistance between
VMP and VSS Rvms — 450 900 1800 kQ 4
6 Seiko Instruments Inc.
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Table 4 (2/2)
(Ta = 25°C unless otherwise specified)

Item Symbol Conditions M. | Ty | Max | unit | 1o
circuit
[ INPUT VOLTAGE ]
Operating voltage between VDD v Fixed output voltage of DOP and 2 . 29 v 2
and VSS PSP | cop
CTLC input voltage “H” Veren | VI=V2=V3=V4=35V — — 13.2 \Y 2
CTLC input voltage “L” Vere | V1=V2=V3=V4=35V 10.1 — — \Y 2
CTLD input voltage “H” Veron | VI=V2=V3=V4=35V — — 13.2 \Y 2
CTLD input voltage “L” Verol | V1=V2=V3=V4=35V 10.1 — — \Y 2
. - Vps =14.0V Vbs
SEL input voltage “H VsELH V1=V2=V3=Va=35V <08 — — V 2
. - Vps =14.0V Vbs
SEL input voltage “L VsELL V1=V2=V3=Va=35V — — <02 \% 2
[ INPUT CURRENT ]
Current consumption lope | V1=V2=V3=V4=35V — 15 33 | uA 1
during operation
Current consumpfion low | VI=V2=V3=V4=15V — | — | o1 | pa | 1
at power down
VC1 pin current lvci [ V1=V2=V3=V4=35V 0.5 1.5 3.0 uA 4
VC2 pin current lvcz [ V1=V2=V3=V4=35V -0.3 0 0.3 UA 4
VC3 pin current lves | V1=V2=V3=V4=35V -0.3 0 0.3 uA 4
VC4 pin current lvca [ V1=V2=V3=V4=35V -0.3 0 0.3 uA 4
CTLC pin current “H” leTicH VI=V2=V3=V4=35V, 0.4 0.6 0.8 HA 4
Veric = Voo
V1=V2=V3=V4=35V
i “L” ’ -20.0 | -10.0 -3.0
CTLC pin current "L lenc Maximum flow current at CTLC pin HA 4
CTLD pin current “H’ lorion | V1= V2=V3=V4 =35V, 0.4 0.6 0.8 LA 4
Verio = Voo
V1=V2=V3=V4=35V
i “€r” ’ -20.0 -10.0 -3.0
CTLD pin current "L lemol Maximum flow current at CTLD pin HA 4
SEL pin current “H” sy | 1=V2=V3=VA=35Y, — — 0.1 LA 4
VseL = Vop
SEL pin current “L” oy, | V1EV2=V3=VA=35Y, ~0.1 — — LA 4
VseL = Vss
[ OUTPUT CURRENT ]
COP pin source current lcon | Vcop =Vop-0.5V 10 — — uA 4
CORP pin leakage current lcoL Veop=0V — — 0.1 pA 4
DOP pin source current Ipon | Vbor = Vop 0.5V 10 — — uA 4
DOP pin sink current IboL Vpop = Vss +0.5 V 10 — — HA 4

*1. Voltage temperature coefficient 1 : Overcharge detection voltage

*2. Voltage temperature coefficient 2 : 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 “B Operation” in detail.
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B Test Circuit

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

1. Current consumption during operation and power-down (Test circuit 1)
1.1 Current Consumption during Operation (lorg)

The current at the VSS pin when V1 =V2 =V3 =V4 = 3.5V and Vywe = Vop is the current consumption during
operation (lopg).

1.2 Current Consumption at Power-down (lppn)

The current at the VSS pin when V1 =V2 =V3 =V4 =1.5V and Vywp = Vss is the current consumption at power-
down (lPDN)-

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, 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 “H” (its voltage level is Vps x 0.9 V or more) after setting Vymp = VseL =
Verie = Vet = Vob, Vving = Vss, CCT pin = Open, CDT pin = Open, CIT pin = Open, V1=V2=V3=V4=35V.
(This status is referred to as initial status.)

2.1 Overcharge Detection Voltage (Vcu1), Overcharge Release Voltage (VcL1)

The overcharge detection voltage (Vcu1) is a voltage at V1; when the COP pin’s voltage is set to “L” (its voltage
level is Vpp x 0.1 V or less) after increasing a voltage at V1 gradually from the initial status. After that, decreasing
a voltage at V1 gradually, a voltage at V1 when the COP pin’s voltage is set to “H”; is the overcharge release
voltage (Vci1).

2. 2 Overdischarge Detection Voltage (VpL1), Overdischarge Release Voltage (Vpu1)

The overdischarge detection voltage (VpL1) is a voltage at V1; when the DOP pin’s voltage is set to “L” after
decreasing a voltage at V1 gradually from the initial status. After that, increasing a voltage at V1 gradually, a
voltage at V1 when the DOP pin’s voltage is set to “H”; 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 (Vcin), the overdischarge detection voltage (Vpin), the overdischarge release voltage
(Vbun) as well when n = 1.

2. 3 Discharge Overcurrent Detection Voltage 1 (Vpiov1)

The discharge overcurrent detection voltage 1 (Vpiov1) is the VINI pin’s voltage; when the DOP pin’s voltage is set
to “L” after increasing the VINI pin’s voltage gradually from the initial status.

2. 4 Discharge Overcurrent Detection Voltage 2 (Vpiovz)

The discharge overcurrent detection voltage 2 (Vpiovz2) 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.

2.5 Short circuit detection voltage (VsHorT)

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

8 Seiko Instruments Inc.
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2.6 CTLC Input Voltage “H” (VcrLcH), CTLC Input Voltage “L” (VcricL)
The CTLC input voltage “L” (VcricL) is the CTLC pin’s voltage; when the COP pin’s voltage is set to “L” after

decreasing the CTLC pin’s voltage gradually from the initial status. After that, increasing the CTLC pin’s voltage
gradually, the CTLC pin’s voltage when the COP pin’s voltage is set to “H”; is the CTLC input voltage “H” (VcTLcH).
2.7 CTLD Input Voltage “H” (VcrLon), CTLD Input Voltage “L” (VcrioL)

The CTLD input voltage “L” (Vcriol) is the CTLD pin’s voltage; when the DOP pin’s voltage is set to “L” after

decreasing the CTLD pin’s voltage gradually from the initial status. After that, increasing the CTLD pin’s voltage

gradually, the CTLD pin’s voltage when the DOP pin’s voltage is set to “H”; is the CTLD input voltage “H” (Vcrion).
2.8 SEL Input Voltage “H” (VseLn), SEL Input Voltage “L” (VseLL)

Start from the initial status, set V4 = 0 V. Confirm the DOP pin is in “L". After that, decreasing 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 “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 “L”; is the SEL input voltage “H” (VseLn).

3. CCT pin Resistance, CDT pin Resistance, CIT pin Resistance 1, CIT pin 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 “H” (its voltage level is Vps x 0.9 V or more) after setting Vymp = VseL =
Verie = Vet = Vo, Vvini = CCT = CDT =CIT = Vss, V1 =V2=V3=V4=35V. (ThiS status is referred to as
initial status.)

3.1 CCT pin Resistance (Rccr)
The CCT pin resistance (Rccr) is Reer = Vos / lcer, lcctis the current which flows from the CCT pin when setting
V1 =4.7 V from the initial status.

3.2 CDT pin Resistance (Rcpr)
The CDT pin resistance (Rcor) is Reot = Vbs / lcor, Icoris the current which flows from the CDT pin when setting
V1 =1.5V from the initial status.

3. 3 CIT pin Resistance 1 (Rc¢it1)
The CIT pin resistance 1 (Rcit1) is Rem1 = Vos / lerri, lerrtis the current which flows from the CIT pin when setting
Vvini = Vpiovt1 max. + 0.05 V from the initial status.

3. 4 CIT pin Resistance 2 (Rcit2)
The CIT pin resistance 2 (Rcit2) is Reir2 = Vos / leirz, lerzis the current which flows from the CIT pin when setting
VVINI = VD|ovg max. + 0.05 V from the initial status.

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 “L”
(voltage Vps x 0.1 V or less) after increasing the CCT pin’s voltage gradually, after setting V1 = 4.7 V from the
initial state.

3.6 CDT pin Detection Voltage (Vcor)

The CDT pin detection voltage (Vcpr) is the voltage at the CDT pin when the DOP pin’s voltage is set to “L”
(voltage Vps x 0.1 V or less) after increasing the CDT pin’s voltage gradually, after setting V1 = 1.5V from the
initial state.

Seiko Instruments Inc. 9
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3.7 CIT pin Detection Voltage (Vcir)
The CIT pin detection voltage (Vcir) is the voltage at the CIT pin when the DOP pin’s voltage is set to “L” (voltage Vps
x 0.1V or less) after increasing the CIT pin’s voltage gradually, after setting Vvini = Vpiov1 max. + 0.05 V from the
initial state.
3. 8 Short circuit Detection Voltage Delay Time (tsuorrt)
Short circuit detection voltage delay time (tshort) is @ period in which the VINI pin’s voltage changes from “H” to
“L” by changing the VINI pin’s voltage instantaneously from the initial status to Vsnort max.+0.05 V.
4. Voltage for Start Charging 0 V Battery, Battery Voltage for Inhibit Charging 0 V Battery (Test
circuit 2)

Confirm both COP and DOP pins are in “H” (its voltage level is Vps x 0.9 V or more) after setting Vymp = VsgL =
Verie = Vet = Vob, Vvini = Vss, CCT pin = Open, CDT pin = Open, CIT pin = Open, V1 =V2=V3=V4=35V.
(This status is referred to as initial status.)

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

4.1 Voltage for Start Charging 0 V Battery (Vocua) (Product with function to charge 0 V battery)
Voltage for start charging 0 V battery (Vocha) is a voltage at V1; when a voltage at the COP pin is set to “H” after
increasing a voltage at V1 gradually, after setting V1 =V2 =V3 =V4 =0V from the initial status.

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

battery)

Battery voltage for inhibit charging 0 V battery (Voinn) is a voltage at V1; when a voltage at the COP pin is set to

“L” after decreasing a voltage at V1 gradually from the initial status.

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
Source Current, COP Pin Leakage Current, DOP Pin Source Current, DOP Pin Sink Current
(Test circuit 4)

Set Verie = Verp = Vume = Vsel = Vob, Vini = Vss, V1 =V2 =V3 =V4 = 3.5V, set other pins open. (ThiS status is
referred to as initial status.)

5.1 Resistance between VMP and VDD (Rymp)
The value of resistance between VMP and VDD (Rvmp) can be defined by Rymp = Vps/lvmp by using the VMP pin’s
current (lvmp) when Vyini = 1.5 V and Vuwpe = Vss after the initial status.

5.2 Resistance between VMP and VSS (Rvus)

The value of resistance between VMP and VSS (Rvus) can be defined by Ryms = Vps/lvsm by using the VMP pin’s
current (lvus) when V1 =V2 = V3 = V4 = 1.8 V after the initial status.

5.3 VC1 Pin Current (lvc1), VC2 Pin Current (lvcz), VC3 Pin Current (lvcs), VC4 Pin Current (lvcs)

In the initial status, each current flows in the VC1 pin, VC2 pin, VC3 pin, VC4 pin is the VC1 pin current (lyc1), the
VC2 pin current (lvcz), the VC3 pin current (lycs), the VC4 pin current (lvcs), respectively.

5.4 CTLC Pin Current “H” (Ictich), CTLC Pin Current “L” (lcTicL)

In the initial status, a current which flows in the CTLC pin is the CTLC pin current “H” (IctLch). After that,
decreasing a voltage at the CTLC pin gradually, the maximum current which flows in the CTLC pin is; the CTLC
pin current “L” (IcTLcy)-
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5.5 CTLD Pin Current “H” (IctLpn), CTLD Pin Current “L” (lctLoL)

In the initial status, a current which flows in the CTLD pin is the CTLD pin current “H” (lcrion). After that,

decreasing a voltage at the CTLD pin gradually, the maximum current which flows in the CTLD pin is; the CTLD
pin current “L” (IcTioL).

5.6 SEL Pin Current “H” (IseLn), SEL Pin Current “L” (IseLd)

In the initial status, a current which flows in the SEL pin is the SEL pin current “H” (IseLn). After that, a current
which flows in the SEL pin when setting VsgL = Vss is; the SEL pin current “L” (IsgLL).

5.7 COP Pin Source Current (Icon), COP Pin Leakage Current (lco.)

Start from the initial status, set Vcop = Vpp—0.5 V, a current which flows in the COP pin is the COP pin source
current (Icon). After that, a current which flows in the COP pin when setting V1 =V2 =V3 =V4 =55V, Vcop =
Vss is; the COP pin leakage current (IcoL).

5.8 DOP Pin Source Current (lpon), DOP Pin Sink Current (lpoL)

Start from the initial status, set Voop = Voo —0.5 V, a current which flows in the DOP pin is the DOP pin source
current (Ipon). After that, a current which flows in the DOP pin when setting V1 = V2 =V3 =V4 =18V, Vpop =
Vss +0.5 V is; the DOP pin sink current (IpoL).
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Figure 6 Test Circuit 3
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B Operation

Remark Refer to “@ Connection Examples of Battery Protection IC (cascade connection)’.

1. Normal Status

In the S-8204B Series, both of COP and DOP pins get the Vpp level; when all values of battery voltage are in the
range of overdischarge detection voltage (VpLn) to overcharge detection voltage (Vcun), and due to the discharge
current, the VINI pin’s voltage is discharge overcurrent detection voltage (Vpiov1) or less. This is the normal status.
In addition, the charge/discharge FETs are on.

2. Overcharge Status

In the S-8204B Series, any voltage of the batteries increases to the level of Vcu, or more, the COP pin is set in high
impedance. This is the overcharge status. The COP pin is pulled down 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 39/40 x Vps or more; all voltages of the batteries are in the level of
overcharge release voltage (Vcin) or less.
(2) In case that the VMP pin voltage is 39/40 x Vps or less; all voltages of the batteries are in the level of Vcyn or
less.

3. Overdischarge Status

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

This overcharge 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 Vpn 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 (Vpun) or more.
(3) The VMP pin voltage is Vps/2 or less, the S-8204B Series maintains the power-down status.

4. Power-down Status

In the S-8204B 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 (Rywms). If the VMP pin voltage decreases to the level of Vps/2 or less, almost
every circuit in the S-8204B stops working so that the current consumption decreases to the level of current
consumption at power down (lppn) or less. This is the power-down status. In the status, the COP pin is set in high
impedance.

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

14 Seiko Instruments Inc.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6143692/s-8204bad-tct1g.html

BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
Rev.1.3 oo S-8204B Series

5. Discharge Overcurrent Status

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 Vpjov1 or more, the DOP pin gets the Vss 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, Vbiov2, VsHor). 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 (Rvmp).

The S-8204B Series’ actions against discharge overcurrent detection voltage 2 (Vpiovz2) and short circuit detection
voltage (Vshorr) are as well in Vpjov1.

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

6. 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 between VDD and VSS (Vps) is voltage for start charging 0 V
battery (VocHa) or more.
(2) Inhibit charging a 0 V battery (unable to charge a 0 V battery)
A 0V battery is not charged when the battery voltage is battery voltage for inhibit charging 0 V battery (Voinn)
or less.

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

Seiko Instruments Inc. 15
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7. Delay Time Setting

In the S-8204B 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 Vcun or more, the S-8204B starts charging to the
CCT pin’s capacitor (Cccr) via the CCT pin’s resistor (Rccr). 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 (Vccr). This period is overcharge
detection delay time (tcu).

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

tcu [s] = -In (1 = Vcer / Vos ) x Ceer [UF] x Reer [MQ]
= _In (1 - 0.7 (Typ.))  Cecr [UF] x 8.31 [MQ] (Typ.)
=10.0 [MQ] (Typ.) x Ccer [UF]

Overdischarge detection delay time (tpL), discharge overcurrent detection delay time 1 (toiov1), discharge overcurrent
detection delay time 2 (tpiov2) are calculated using the following equations as well.

tDL [ms] =—In ( 1- VCDT / VDS) X CCDT [uF] X RCDT [kQ]
toiov1 [ms] = —In (1 = Veir / Vbs) X Ceir [UF] x Rerr [KQ]
toiove [ms] = —In (1 = Veir / Vos) X Ceir [UF] % Rerra [KQ]

In case Ccct = Cept = Ccir = 0.1 [uF], each delay time tcu, toL, toiov1, toiovz is calculated as follows.

tcu [s] = 10.0 [MQ] (Typ.) x 0.1 [uF] = 1.0 [s] (Typ.)

tor [ms] = 1000 [kQ] (Typ.) x 0.1 [uF] = 100 [ms] (Typ.)
toiovt [ms] = 200 [kQ] (Typ.) x 0.1 [uF] = 20 [ms] (Typ.)
toiovz [ms] = 20 [kQ] (Typ.) x 0.1 [uF] = 2.0 [ms] (Typ.)

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

The S-8204B 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™* Normal status
Open*z High impedance
Low™ High impedance

*1. High; CTLC > VcricH

*2. Pulled down by IcticH

*3. Low; CTLC < VcrioL

*4. The status is controlled by the voltage detection circuit.

Table 6 Conditions Set by CTLD Pin

CTLD Pin DOP Pin
High*1 Normal status ™
Open*2 Vss level
Low® Vss level

*1. High; CTLD > VcripH

*2. Pulled down by lctipH

*3. Low; CTLD < Vcriol

*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 “H” level input to the CTLC/CTLD pins and IC’s
Vpp by external filters Rypp1 and Cypp1.
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9. SEL pin

The S-8204B 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-8204B Series for 3-cell protection.
The control by this SEL pin precedes the battery protection circuit. Be sure to use the SEL pin in “H” or “L”.

Table 7 Conditions Set by SEL Pin

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

*1. High; SEL > Vsgn
*2. Low; SEL < VsgLL

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

Table 8 Conditions Set by SEL Pin in Cascade Connection

SEL pin in S-8204B (1) | SEL pinin S-8204B (2) Condition
Low™ Low 6-series cell protection
Low™ High™ 7-series cell protection
High*2 High*2 8-series cell protection
*1. Low; SEL < VsgLL
*2. High; SEL > Vsgin
18 Seiko Instruments Inc.
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B Timing Chart (in the circuit in Figure 10)

1. Overcharge Detection and Overdischarge Detection
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Remark The charger is assumed to charge with a constant current. Vgg. indicates the open voltage of the
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Figure 8

19

Seiko Instruments Inc.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6143692/s-8204bad-tct1g.html

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

S-8204B Series

Rev.1.3 oo

2. Discharge Overcurrent Detection
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B Connection Examples of Battery Protection IC

1. 4-Series Cell (with protect overcurrent function)
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RarL % []1COP CTLC 16 F——W—4
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—]2vmP CTLD 15 F——W——4
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] 3DOP VDD 14 [} WN—¢
R
H — 4 VINI VC1 13 MWL o
M2 $-8204B Cvoiz Ry —
—]5cDT VC2 12 » vW—_T._
Cvc2 S R
o __—{seccT ves 11 . i y RVCB
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— - 7cIT VC41O:C k3 VH
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Charging Discharging
FET FET
Figure 10
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2. 7-Series Cell (cascade connection without protect overcurrent function)
EB+
1COP CTLC 163
Rvmp1 - :—QN"—“
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[12VMP CTLD 15 > R
] 3poP VDD 143 RVD[” .
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| e
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Figure 11

22 Seiko Instruments Inc.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6143692/s-8204bad-tct1g.html

Rev.1.3 00

BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
S-8204B Series

3. 8-Series Cell (cascade connection with protect overcurrent function)
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Figure 12
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Table 9 Constants for External Components (in the circuit in Figure 11)

No. Symbol Typical Range Unit
1 Rvci, Rves 1 051t01" kQ
2 Rvcz2, Rvcs 1 0.51t01" kQ
3 Rvcs, Rver 1 0.51t01" kQ
4 Rvca, Rvcs 1 051t01" kQ
5 Rpop 51 20 to 68 kQ
6 Rcop 1 0.1to 1 MQ
7 Rvmp1, Rvmp2 5.1 11010 kQ
8 Reric 1 1t0 10 kQ
9 Retip 1 1t0 10 kQ
10 Rvini 1 11010 kQ
11 RseL1, Rsel2 1 1t0 100 kQ
12 Rirc 5.1 5.1106.8 MQ
13 R|FD 5.1 5.11t06.8 MQ
14 Reir1, Rerrz 1 1to0 100 kQ
15 Rvpp1, Rvop2 47 2210 100" Q
16 Cvct, Cvcs 47 0to 100" nF
17 Cvc2, Cvce 47 0to 100" nF
18 Cvcs, Cver 47 0t0 100" nF
19 Cvc4, Cvcs 47 0to 100" nF
20 Cccrt, Coct2 0.1 0.01 or higher uF
21 Ccor1 Cepr2 0.1 0.01 or higher uF
22 CVDD1 1 0to 2.2 },lF
23 CVDD2 1.5 0to 3.3 ]J.F

*1. Set up afilter constant to be Rvpp1 x Cvbp1 = Ryvpp2 X Cvpp2 x 2/3 = 47 pF e Q or more, and to be Ryc1 x Cvet =
Rvec2 x Cvcz = Rves X Cves = Rvea X Cvea = Rvppt X Cvpp1, Rves X Cves = Rves X Cves = Rver X Cver = Rves X Cyes =
Rvpbz2 X Cvpp2 X 2/3.

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

2. Itis recommended that filter constants between VDD and VSS should be set approximately to 47 uF

Q.

e.g., CVDD X RVDD =1.0 lJ,F X 47 Q =47 |J,F [X9)
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.

24 Seiko Instruments Inc.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6143692/s-8204bad-tct1g.html

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

Rev.1.3 00 S-8204B Series

B Precautions

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 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.

SlI 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.

Seiko Instruments Inc. 25

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6143692/s-8204bad-tct1g.html

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

S-8204B Series Rev.1.3 oo
B Characteristics (Typical Data)
1. Current Consumption
1.1 IOPE VS. VDS 1.2 IOPE vs. Ta
40 40
35 35
30 30
—_ / -] =
< 25 — — < 25
o 20 7 — w20
g 15 1 & 15
10 i 10
5 5
0 0
0 5 10 15 20 22 40 25 0 25 50 75 85
Vbs [V] Ta[°C]
1.3 IpDN VS. VDS 1.4 IpDN vs. Ta
0.10 0.10
0.09 0.09
0.08 0.08
= 0.07 = 007
0.06 0.06
< 0.05 2 0.05
& 0.04 5 0.04
= 0.03 = 0.03
0.02 0.02
0'05 0.0(1) ——
0 5 10 15 20 22 -40 25 0 25 50 75 85
Vs [V] Ta [°C]

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

Detection Voltage

21 VCU vs. Ta 2.2 VCL vs. Ta
4.375 4.20
4.370
4.365 4.18
_4.360 _
21 = a1
> 4.345 S 414
4.335 412
4.330
4.325 4.10
-40 -25 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
23 VDU vs. Ta 24 VDL vs. Ta
1
2.76 2'82
_ 274 :
> 272 = 2.02
2 2.70 2 2.00
S 2.68 > 1.98
2.0 1.96
2.62 1.94
2.60 1.92
-40 -25 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK

Rev.1.3 00

S-8204B Series

2.5 VDI0V1 VS. VDS

2.6 VDIOV1 vs. Ta

0.29 0.29
0.28 0.28
_. 027 _ 027
= 0.26 2. 0.26
$ 025 £ 025
g 0.24 5 0.24
> 0.23 = 0.23
0.22 0.22
0.21 0.21
10 11 12 13 14 15 16 -40 -25 25 50 75 85
Vbs [V] Ta [°C]
2.7 Vmovz VS. VDS 2.8 VDIOVZ vs. Ta
0.58 0.58
0.56 0.56
_ 054 _ 054
2. 0.52 2. 0.52
£ 0.50 £ 0.50
5 0.48 5 0.48
> 0.46 > 046
0.44 0.44
0.42 0.42
0 1 12 13 14 15 16 —40 -25 25 50 75 85
Vs [V] Ta [°C]
29 VSHORT VS. VDS 210 VSHORT vs. Ta
1.3 1.3
1.2 1.2
S 1.1 S 141
= =
ugc 1.0 § 1.0
£ 09 2 09
0.8 0.8
0.7 0.7
10 11 12 13 14 15 16 -40 -25 25 50 75 85
Vbs [V] Ta [°C]
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
S-8204B Series Rev.1.3 oo

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

3.1 Rcc1—Ta 3.2 Vcc1—Ta (VDS =15.2 V)
12.0 10.9
11.0 10.8
T 100 P —
= =, 10.7
= 90 ~ .
'x8 8.0 \‘\ < 10.6
7.0 — 10.5
6.0 10.4
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
3.3 Rc[n—Ta 3.4 ch—Ta (VDS =12.0 V)
1200 8.6
1100
o 1000 P~ 85
g \\ =
= 900 5 84
o ~ )
o 800 — >
I 8.3
700
600 8.2
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
3.5 Rc|T1—Ta 3.6 Vc|'|'—Ta (VDS =14.0 V)
240 10.0
220
o 200 99
G \\ <
= 2.
= 180 —~ = 98
o e~ >
160 ~
140
120 9.6
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
3.7 ch’z—Ta 3.8 tSHORT—Ta
24.0 600
22.0 500
g 20.0 E 400
'~ 18.0 £ 300
= o
© 16.0 & 200
14.0 100
12.0 0
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
28 Seiko Instruments Inc.
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK

S-8204B Series

4. COP/DOP Pin

41 ICOH VS. Vcop

IcoH [mA]

4.3 lpon

IboH [mA]

Downloaded from Elcodis.com electronic components distributor

4.2 |co|_ VS. Vcop

25 0.10
— 0.09
20 -~ 0.08
15 <006
o Bt
o U.
/ 20,03
5 0.02
0.01
0 0.00 =——
0 3.5 7 10.5 14 0 5 10 15 20 22
Vcor [V] Vcor [V]
VS. VDOP 4.4 IDOL VS. VDOP
25 5.0
| — 4.5 —
20 -~ 4.0 —]
T 35 /’/
15 g 3.0 7
10 2 59 A
(@]
a : /
5 / - 18 -
0 0'8
0 3.5 7 10.5 14 0 1.8 3.6 54 7.2
Voor [V] Voor [V]
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4.4

1.10max.

\L/

0.65 | ] . 0.2240.08

0.03min.

No. FT016-A-P-SD-1.1

~ 1

)
0.17+0.05

TITLE

TSSOP16-A-PKG Dimensions

No.

FT016-A-P-SD-1.1

SCALE

UNIT

mm
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1.75+0.1

-
+
©
2
:
o
o

R
_‘_
T

|

7
16.0+0.3
(5.7)

+0.4
5.1 02

21.620.1 o 1 1.50.1

O o O O O O O O

il

AARARR
AARARR

LFRLEL]

AARARA

LERLEL

LFRLEL]
AARARA

—>
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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21.4+1.0

+2.0
-0

2100
2330+2

17.4+1.0_

Downloaded from Elcodis.com electronic components distributor

2210.8 >

213+0.2

+2.0
17.4 .
> - 1.5

No. FT016-A-R-SD-2.0

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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