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The S-1009 Series is a super high-accuracy voltage detector developed using CMOS technology. The detection voltage is
fixed internally with an accuracy of £0.5%. It operates with super low current consumption of 270 nA typ.

The release signal can be delayed by setting a capacitor externally. Delay time accuracy is £15%. Two output forms Nch
open-drain and CMOS output are available.

Compared with conventional CMOS voltage detectors, the S-1009 Series is the most suitable for the portable devices due
to the super-low current consumption, super high-accuracy and small packages.

B Features

e Detection voltage: 0.8V1to4.6V(0.1V step)

o Detection voltage accuracy: +0.5% (2.4 V < -Vper <4.6 V)
+12mV (0.8 V< —Voer<2.4 V)

e Current consumption: 270 nAtyp. (1.2V < -Voer < 2.3 V)

e Operation voltage range: 0.6 V to 10.0 V (CMOS output product)

o Hysteresis width: 5% 1%

e Delay time accuracy: +15% (Cpo = 4.7 nF)

e OQutput form: Nch open-drain output (active "L")
CMOS output (active "L")

o Operation temperature range: Ta =-40°C to +85°C

e Lead-free (Sn 100%), halogen-free

B Applications
e Power monitor and reset for CPU and microcomputer

e Constant voltage power monitor for TV, DVD recorder and home appliance
e Power supply monitor for portable device such as notebook PC, digital still camera and mobile phone

B Packages
e SOT-23-5

e SC-82AB
e SNT-4A
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B Block Diagrams
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
Rev.5.1 o1 S-1009 Series

B Product Name Structure

Users can select the output form, detection voltage value, and package type for the S-1009 Series. Refer to "1.
Product name" regarding the contents of product name, "2. Packages" regarding the package drawings and "3.
Product name list" regarding details of product name.

1. Product name

S$-1009 x xx - xxxx U

—L Environmental code

uU: Lead-free (Sn 100%), halogen-free

Package abbreviation and IC packing specifications*1
M5T1: SOT-23-5, Tape
N4T1: SC-82AB, Tape
14T1: SNT-4A, Tape

Operation temperature
I: Ta = -40°C to +85°C

Detection voltage value
08 to 46
(e.g., when the detection voltage is 1.5V, it is expressed as 15.)

Output form
N: Nch open-drain output (active "L")
C: CMOS output (active "L")

*1. Refer to the tape drawings.
2. Packages

Table 1 Package Drawing Codes

Package Name Dimension Tape Reel Land
SOT-23-5 MP005-A-P-SD MP005-A-C-SD MP005-A-R-SD -
NP004-A-C-SD
SC-82AB NP004-A-P-SD NPO04-A-C-S1 NP004-A-R-SD -
SNT-4A PF004-A-P-SD PF004-A-C-SD PF004-A-R-SD PF004-A-L-SD
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3. Product name list

3.1

Nch open-drain output product

Table 2

Detection Voltage

SOT-23-5

SC-82AB

SNT-4A

0.8vV+12mV

S-1009N08I-M5T1U

S-1009N08I-N4T1U

S-1009N08I-14T1U

o9v+i2mVv

S-1009N09I-M5T1U

S-1009N09I-N4T1U

S-1009N09I-14T1U

1.0vV+12mVv

S-1009N10I-M5T1U

S-1009N10I-N4T1U

S-1009N101-14T1U

1.1V+12mV

S-1009N111-M5T1U

S-1009N111-N4T1U

S-1009N111-14T1U

1.2V+12mV

S-1009N12I-M5T1U

S-1009N12I-N4T1U

S-1009N121-14T1U

1.3V+12mV

S-1009N13I-M5T1U

S-1009N13I-N4T1U

S-1009N131-14T1U

1.4V+12mV

S-1009N141-M5T1U

S-1009N141-N4T1U

S-1009N141-14T1U

1.5V+12mV

S-1009N151-M5T1U

S-1009N151-N4T1U

S-1009N151-14T1U

1.6V12mV

S-1009N161-M5T1U

S-1009N161-N4T1U

S-1009N161-14T1U

1.7V£12mV

S-1009N171-M5T1U

S-1009N171-N4T1U

S-1009N171-14T1U

1.8V+12mV

S-1009N18I-M5T1U

S-1009N18I-N4T1U

S-1009N181-14T1U

1.9vV+12mV

S-1009N19I-M5T1U

S-1009N19I-N4T1U

S-1009N191-14T1U

20V+12mV

S-1009N201-M5T1U

S-1009N201-N4T1U

S-1009N201-14T1U

21V+12mV

S-1009N211-M5T1U

S-1009N211-N4T1U

S-1009N211-14T1U

22V+12mV

S-1009N22|-M5T1U

S-1009N22I-N4T1U

S-1009N22I-14T1U

23V+12mV

S-1009N23I-M5T1U

S-1009N23I-N4T1U

S-1009N23I-14T1U

24V +0.5%

S-1009N241-M5T1U

S-1009N241-N4T1U

S-1009N241-14T1U

25V+0.5%

S-1009N251-M5T1U

S-1009N25I-N4T1U

S-1009N251-14T1U

26V+0.5%

S-1009N261-M5T1U

S-1009N261-N4T1U

S-1009N261-14T1U

27V +0.5%

S-1009N271-M5T1U

S-1009N271-N4T1U

S-1009N271-14T1U

28V +0.5%

S-1009N28I-M5T1U

S-1009N28I-N4T1U

S-1009N281-14T1U

29V +0.5%

S-1009N29I-M5T1U

S-1009N291-N4T1U

S-1009N291-14T1U

3.0V+0.5%

S-1009N30I-M5T1U

S-1009N30I-N4T1U

S-1009N301-14T1U

3.1V+0.5%

S-1009N31I-M5T1U

S-1009N311-N4T1U

S-1009N311-14T1U

3.2V+0.5%

S-1009N32I-M5T1U

S-1009N32I-N4T1U

S-1009N32I-14T1U

3.3V+0.5%

S-1009N33I-M5T1U

S-1009N33I-N4T1U

S-1009N33I-14T1U

34V +0.5%

S-1009N34I1-M5T1U

S-1009N34I-N4T1U

S-1009N341-14T1U

3.5V+0.5%

S-1009N351-M5T1U

S-1009N35I-N4T1U

S-1009N351-14T1U

3.6 V+£0.5%

S-1009N361-M5T1U

S-1009N361-N4T1U

S-1009N361-14T1U

3.7V+0.5%

S-1009N371-M5T1U

S-1009N371-N4T1U

S-1009N371-14T1U

3.8V+0.5%

S-1009N38I-M5T1U

S-1009N38I-N4T1U

S-1009N38I-14T1U

3.9V+0.5%

S-1009N39I-M5T1U

S-1009N39I-N4T1U

S-1009N391-14T1U

4.0V +£0.5%

S-1009N401-M5T1U

S-1009N40I-N4T1U

S-1009N401-14T1U

41V £0.5%

S-1009N411-M5T1U

S-1009N411-N4T1U

S-1009N411-14T1U

4.2V +0.5%

S-1009N42]-M5T1U

S-1009N42I-N4T1U

S-1009N421-14T1U

4.3V +0.5%

S-1009N43I1-M5T1U

S-1009N43I-N4T1U

S-1009N431-14T1U

4.4V +0.5%

S-1009N441-M5T1U

S-1009N441-N4T1U

S-1009N441-14T1U

4.5V +0.5%

S-1009N451-M5T1U

S-1009N451-N4T1U

S-1009N451-14T1U

4.6V +0.5%

S-1009N461-M5T1U

S-1009N461-N4T1U

S-1009N461-14T1U
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3.2 CMOS output product

Table 3

Detection Voltage

SOT-23-5

SC-82AB

SNT-4A

0.8v+12mV

S-1009C08I-M5T1U

S-1009C08I-N4T1U

S-1009C08I-14T1U

o9v+i2mVv

S-1009C09I-M5T1U

S-1009C09I-N4T1U

S-1009C09I-14T1U

1.0vV+12mV

S-1009C10I-M5T1U

S-1009C10I-N4T1U

S-1009C101-14T1U

1.1V+12mV

S-1009C111-M5T1U

S-1009C111-N4T1U

S-1009C111-14T1U

1.2V+12mV

S-1009C12I-M5T1U

S-1009C12I-N4T1U

S-1009C121-14T1U

1.3V+12mV

S-1009C13I-M5T1U

S-1009C13I-N4T1U

S-1009C131-14T1U

1.4V+12mV

S-1009C14I-M5T1U

S-1009C141-N4T1U

S-1009C141-14T1U

1.5V+12mV

S-1009C151-M5T1U

S-1009C151-N4T1U

S-1009C151-14T1U

1.6V+12mV

S-1009C161-M5T1U

S-1009C161-N4T1U

S-1009C161-14T1U

1.7V£12mV

S-1009C171-M5T1U

S-1009C171-N4T1U

S-1009C171-14T1U

1.8V12mV

S-1009C18I-M5T1U

S-1009C18I-N4T1U

S-1009C18I-14T1U

19vV+12mV

S-1009C19I-M5T1U

S-1009C19I-N4T1U

S-1009C191-14T1U

20vV+12mVv

S-1009C201-M5T1U

S-1009C201-N4T1U

S-1009C201-14T1U

21V+12mV

S-1009C211-M5T1U

S-1009C211-N4T1U

S-1009C211-14T1U

22V+12mV

S-1009C221-M5T1U

S-1009C221-N4T1U

S-1009C221-14T1U

23V+12mV

S-1009C23I-M5T1U

S-1009C231-N4T1U

S-1009C231-14T1U

24V +0.5%

S-1009C241-M5T1U

S-1009C241-N4T1U

S-1009C241-14T1U

25V+0.5%

S-1009C251-M5T1U

S-1009C25I-N4T1U

S-1009C251-14T1U

26V+0.5%

S-1009C261-M5T1U

S-1009C261-N4T1U

S-1009C261-14T1U

27V +0.5%

S-1009C271-M5T1U

S-1009C271-N4T1U

S-1009C271-14T1U

28V +0.5%

S-1009C28I-M5T1U

S-1009C28I-N4T1U

S-1009C281-14T1U

29V +0.5%

S-1009C291-M5T1U

S-1009C291-N4T1U

S-1009C291-14T1U

3.0V+0.5%

S-1009C301-M5T1U

S-1009C30I-N4T1U

S-1009C301-14T1U

3.1V+0.5%

S-1009C311-M5T1U

S-1009C31I-N4T1U

S-1009C311-14T1U

3.2V+0.5%

S-1009C32I-M5T1U

S-1009C32I-N4T1U

S-1009C32I-14T1U

3.3V+0.5%

S-1009C33I-M5T1U

S-1009C33I-N4T1U

S-1009C33I-14T1U

3.4V +0.5%

S-1009C34I-M5T1U

S-1009C34I-N4T1U

S-1009C34I-14T1U

3.5V+0.5%

S-1009C351-M5T1U

S-1009C35I-N4T1U

S-1009C351-14T1U

3.6 V+0.5%

S-1009C361-M5T1U

S-1009C361-N4T1U

S-1009C361-14T1U

3.7V+0.5%

S-1009C371-M5T1U

S-1009C371-N4T1U

S-1009C371-14T1U

3.8V+0.5%

S-1009C38I-M5T1U

S-1009C38I-N4T1U

S-1009C38I-14T1U

3.9V+0.5%

S-1009C39I-M5T1U

S-1009C39I-N4T1U

S-1009C391-14T1U

4.0V+0.5%

S-1009C401-M5T1U

S-1009C40I-N4T1U

S-1009C401-14T1U

41V £0.5%

S-1009C411-M5T1U

S-1009C41I-N4T1U

S-1009C411-14T1U

4.2V £0.5%

S-1009C42I-M5T1U

S-1009C42I-N4T1U

S-1009C42I-14T1U

4.3V +0.5%

S-1009C43I1-M5T1U

S-1009C43I-N4T1U

S-1009C431-14T1U

4.4V +0.5%

S-1009C441-M5T1U

S-1009C441-N4T1U

S-1009C441-14T1U

4.5V +0.5%

S-1009C451-M5T1U

S-1009C451-N4T1U

S-1009C451-14T1U

4.6V +0.5%

S-1009C461-M5T1U

S-1009C461-N4T1U

S-1009C461-14T1U
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
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B Pin Configurations

1. SOT-23-5
Table 4
Top view - —
Pin No. Symbol Description
S 4 1 ouT Voltage detection output pin
H H 2 VDD Input voltage pin
3 VSS GND pin
HHH 4 NC™ No connection
1.2 3 5 CcD Connection pin for delay capacitor
*1.  The NC pin is electrically open.
Figure 3 The NC pin can be connected to the VDD pin or the VSS pin.
2. SC-82AB
Table 5
Top view - —
Pin No. Symbol Description
I‘_‘I % 1 VSS GND pin
2 VDD Input voltage pin
T 3 CD Connection pin for delay capacitor
1 2 4 ouT Voltage detection output pin
Figure 4
3. SNT-4A
Table 6
Top view
Pin No. Symbol Description
Tfop4 1 VSS GND pin
2 3 2 ouT Voltage detection output pin
3 CD Connection pin for delay capacitor
Figure 5 4 VDD Input voltage pin
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
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S-1009 Series

B Absolute Maximum Ratings

Table 7
(Ta = +25°C unless otherwise specified
Item Symbol Absolute Maximum Rating Unit
Power supply voltage Vob — Vss 12 \Y
CD pin input voltage Vcp Vss — 0.3 to Voo + 0.3 V
Nch open-drain output product Vss —0.3t012.0 V
Output voltage CMOS output product Vour Vss — 0.3 to Voo + 0.3 \Y
Output current lout 50 mA
SOT-23-5 600™ mwW
Power dissipation SC-82AB Po 350 mw
SNT-4A 300™ mwW
Operation ambient temperature Topr —40 to +85 °C
Storage temperature Tstg —40 to +125 °C

*1.
[Mounted board]

(1) Board size:

(2) Name:

Caution

When mounted on board

114.3 mm x 76.2 mm x t1.6 mm
JEDEC STANDARD51-7

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.

Power Dissipation (Pp) [mW]

700
600
500
400
300
200
100

0

N SOT-23-5
N\, 4 |
L SC-82AB
N
\\< N
NN\ R
Yl
0 50 100 150

Ambient Temperature (Ta) [°C]

Figure 6 Power Dissipation of Package (When Mounted on Board)
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
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S-1009 Series

B Electrical Characteristics

1. Nch open-drain output product

Table 8
(Ta = +25°C unless otherwise specified)
- . . Test
ltem Symbol Condition Min. Typ. Max. Unit Circuit
0.8V <-Vper<2.4V TVOET®) | sy | TVOETO |y 1
. . -0.012 +0.012
Detection voltage™ |-Voer Vv V.
—VDET(S) —VDET(S)
<- < _
24V <-Voer<4.6V % 0.995 VDET(S) % 1.005 \% 1
L —Vper | —Voer | —Voer
Hysteresis width Vhvs - <004 | x0.05 | x0.06 V 1
0.8V <-Vper<1.2V - 0.30 0.90 A 2
Current 1.2V <-Vper<23V - 0.27 0.90 A 2
. | Vbp = +V 0.6V
consumption s Db = +VDET * 23V< Voer<36V| - | 042 | 090 | pA | 2
3.6 V<-Vper<4.6V - 0.39 0.90 A 2
Operation voltage | Vop - 0.7 - 10.0 V 1
Vop = 0.7V
_ S-1009NOS8 to 14 014 | 040 | - mA 3
Output transistor Voo = 12V
bbb = 1.
Output current lout Nch*2 S-1009N15 to 46 0.73 1.33 - mA 3
Vps“=05V v 54V
DD = <.
S-1009N27 to 46 147 239 | - mA |3
Output transistor
Leakage current ILEAK Nch - - 0.08 uA 3
Vob =10.0V, Vour=10.0V
Delay time to Cp=4.7nF 221 26.0 29.9 ms 4
Detection voltage AV 0.8V<-Voer<09V — +180 +430 [ppm/°C| 1
temperature T_D\E/TDET Ta=-40°C to +85°C [0.9V <—Vper<1.2V — +120 +370 [ppm/°C| 1
coefficient" 1.2V <-Vper<4.6V — +100 | +350 |[ppm/°C| 1
*1. —Voer: Actual detection voltage value, —Voet(s): Set detection voltage value (the center value of the detection voltage

range in Table 2.)

*2. Set detection voltage
*3. Detection voltage temperature coefficient

*2.
*3.
A — Vet
ATa
*.
8

S . A — Vet
[mV/°CT™ = —VoeT(s) (typ.)[V]2 x ATa e Voo

Vps: Drain-to-source voltage of the output transistor
The temperature change of the detection voltage [mV/°C] is calculated by using the following equation.
—VoeT [ppm/°C]* + 1000
Temperature change of the detection voltage

Sll Semiconductor Corporation
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2. CMOS output product

Table 9
(Ta = +25°C unless otherwise specified)
- . . Test
Item Symbol Condition Min. Typ. Max. Unit Circuit
0.8V < -Vper<2.4V :\g’;‘;’ ~VoeT(s) ;\g’a‘z" Vv 1
Detection voltage™ |-Vper v - v -
—VDET(S) —VDET(S)
< < _
24V <-Vper<46V % 0.995 VDET(S) % 1.005 \Y, 1
N —Vper | —Voer | —Voer
Hysteresis width VHys - < 0.04 | x005 | x006 \% 1
0.8V<-Vper<i1.2V - 0.30 0.90 A 2
Current 1.2V <-Voer<23V - 0.27 0.90 uA 2
. I Vbp = +V 6V
consumption ss oo = +Voer +0.6V o SV < Vorr<36V] - | 042 | 090 | wA | 2
3.6 V<-Vper<4.6V - 0.39 0.90 uA 2
Operation voltage | Vbp - 0.6 - 10.0 \Y 1
Voo =0.7V
_ S-1009C08 to 14 0.14 1 0401 - mA |3
Output transistor Voo =12V
Nch ) 7 1. - A
o s-1009c15t046 | 073 | 198 mA 13
Vps2=05V v 24V
DD = 4.
Output current lout S-1009C27 to 46 1.47 2.39 - mA 3
. Vop =4.8V
S:;Jr:put transistor S-1009C08 to 39 1.62 2.60 - mA 5
. Vop = 6.0 V
Vbs2=0.5V . ) _
bs S-1009C40 to 46 178 | 286 mA %
Delay time to Co=4.7nF 221 26.0 29.9 ms 4
Detection voltage AV 0.8V <-Voer<09V — +180 +430 [ppm/°C| 1
temperature TE\E/TDET Ta=-40°C to +85°C [0.9V < -Voer<1.2V| - [ +120 | 370 [ppmrc| 1
coefficient 12V<-Vper<4.6V - +100 | +350 |ppm/°C| 1
*1. —VpeT: Actual detection voltage value, —-Voet(s): Set detection voltage value (the center value of the detection voltage

range in Table 3.)

*2.  Vps: Drain-to-source voltage of the output transistor

*3. The temperature change of the detection voltage [mV/°C] is calculated by using the following equation.
A — VpeT - . A — Vet 0Tt
T ATa [mV/°C]™" = —VpeT(s) (typ.)[V] 2 x ATa e Vorr [ppm/°C]™® + 1000

*1.

*2. Set detection voltage
*3. Detection voltage temperature coefficient

Temperature change of the detection voltage

Sll Semiconductor Corporation



SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)

S-1009 Series Rev.5.1 o1
B Test Circuits
® T +
R
Vpp . VDD 100 kQ v VDD
A Q| o -
- ouT
VSS CD
é) VSS CD
*1. R is unnecessary for CMOS output product.
Figure 7 Test Circuit 1 Figure 8 Test Circuit 2
‘ T
R
VDD VDD
Vpb 100 kQ
_7 P.G.(J'L) OUT] Oscilloscope
VSS CD

VDD

~ |

VSS

ouT

CD

10

Figure 11 Test Circuit 5

1

. Ris unnecessary for CMOS output product.

Figure 10 Test Circuit 4
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)

Rev.5.1 o1

S-1009 Series

B Timing Charts

1. Nch open-drain output product

Hysteresis width
(VHYS)

VDD

VDD

% Release voltage (+Vpet)

Detection voltage (—VpgT)

Minimum operation voltage

\

N
N\

Vss N/

Vss

/

Output from OUT pin

VDD

CD OUT
VSS

100 kQ

to
Figure 12
2. CMOS output product
\ VDD
Hysteresis width /4 Release voltage (+Vpet)
(Vhys) ;%\ / Detection voltage (—Vper)
Minimum operation voltage
N/ _
Vss 7
VDD \ /
Output from OUT pin
Vss DA

to

VDD

CD OUT
‘l‘_ VSS

‘@%

Remark When Voo is the minimum operation voltage or less, the output voltage from the OUT pin is indefinite

in the shaded area.

Figure 13

Sll Semiconductor Corporation
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
S-1009 Series Rev.5.1 o1

B Operation

1. Basic operation: CMOS output (active "L") product

(1

(2)

3)
(4)
®)

12

When the power supply voltage (Vop) is the release voltage (+Vper) or more, the Nch transistor is OFF and
the Pch transistor is ON to output Vob ("H"). Since the Nch transistor N1 in Figure 14 is OFF, the comparator

(Re + Rc) e Vbp
Ra+Rs+Rc

Although Vop decreases to +Voer or less, Vob is output when Vpp is the detection voltage (—Vper) or more.
When Vobp decreases to —Vper or less (point A in Figure 15), the Nch transistor is ON and the Pch transistor
is OFF so that Vss is output. At this time, the Nch transistor N1 in Figure 14 is turned on, and the input
Rs ¢ Vbp

Ra+Rs *
The output is indefinite by decreasing Voo to the IC’s minimum operation voltage or less. If the output is
pulled up, it will be Vpo.
Vss is output by increasing Vop to the minimum operation voltage or more. Although Vop exceeds —Vper and
Vop is less than +Voer, the output is Vss.
When increasing Vop to +Vper or more (point B in Figure 15), the Nch transistor is OFF and the Pch
transistor is ON so that Voo is output. At this time, Vob is output from the OUT pin after the passage of the
delay time (tp).

VDD Q—o

input voltage is

voltage to the comparator is

Delay
circuit

ouT

N1

VSS O—Q ®
9 CD

;CD

Figure 14 Operation 1

*1. Parasiteic diode

Mi @ i@ @i ©
: Vbp

N\ B/é Release voltage (+Vpet)

Hyst is width A :
ysleresis wi t / : Detection voltage (—Vper)

(Vhys)
Minimum operation voltage
Vss

Voo \ /

Output from OUT pin

Vss

to

Figure 15 Operation 2
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)

Rev.5.1 o1

S-1009 Series

2. Delay circuit

The delay circuit delays the output signal to the OUT pin from the time at which the power supply voltage (Vob)
exceeds the release voltage (+Vpet) when Voo is turned on. The output signal is not delayed when Vpop decreases
to the detection voltage (-Vper) or less (refer to "Figure 15 Operation 2").
The delay time (i) is determined by the time constant of the built-in constant current (approx. 100 nA) and the
attached delay capacitor (Cb), or the delay time (too) when the CD pin is open, and calculated from the following
equation. When the Cp value is sufficiently large, the too value can be disregarded.

to [ms] = Delay coefficient x Cp [nF] + too [ms]

Table 10 Delay Coefficient

Operation Delay Coefficient
Temperature Min. Typ. Max.
Ta=+85°C 2.82 4.20 5.72
Ta=+25°C 4.70 5.47 6.24
Ta=-40°C 5.64 8.40 12.01
Table 11 Delay Time
, Delay Time (tpo)
(0] tion T t
peration Temperature Min. Typ. Mo
Ta =-40°C to +85°C 0.01 ms 0.10 ms 0.24 ms

Caution 1. When the CD pin is open, a double pulse shown in Figure 16 may appear at release.
To avoid the double pulse, attach 100 pF or larger capacitor to the CD pin. Do not apply
voltage to the CD pin from the exterior.

VOUT

Figure 16

> Time

2. Mounted board layout should be made in such a way that no current flows into or flows from
the CD pin since the impedance of the CD pin is high, otherwise correct delay time cannot be

provided.

3. There is no limit for the capacitance of Cp as long as the leakage current of the capacitor can
be ignored against the built-in constant current value. Leakage current causes deviation in
delay time. When the leakage current is larger than the built-in constant current, no release

takes place.

Sll Semiconductor Corporation
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
S-1009 Series Rev.5.1 o1

3. Other characteristics

3.1 Temperature characteristics of detection voltage

The shaded area in Figure 17 shows the temperature characteristics of detection voltage in the operation

temperature range.

~Voer [VIA
+0.945 mV/°C
< e
~VpeT2s | /
~
~ -0.945 mV/°C
-

-40 +25 +85 Ta[°C]

*1. —Vperz2s is an actual detection voltage value at Ta = +25°C.

Figure 17 Temperature Characteristics of Detection Voltage (Example for —Vper = 2.7 V)

3.2 Temperature characteristics of release voltage

The temperature change AZTV;ET of the release voltage is calculated by using the temperature change

A — Vet . .

“ATa of the detection voltage as follows:

A+ Voer _ +Voer y A — Vet
ATa ~ —Voper ATa

The temperature change of the release voltage and the detection voltage has the same sign consequently.

3.3 Temperature characteristics of hysteresis voltage

The temperature change of the hysteresis voltage is expressed as A Z.I\./;ET _4 _A.?./;ET and is calculated as

follows:

A + Vet A—Voer _ Vhvs A — Vet

ATa ATa ~ —Vper X " ATa

14 SlI Semiconductor Corporation



SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
Rev.5.1 o1 S-1009 Series

B Standard Circuit

100 kQ
VDD

CD ouT

VSS

.—*zf
CDT

*1. R s unnecessary for CMOS output product.
*2. The delay capacitor (Cp) should be connected directly to the CD pin and the VSS pin.

Figure 18

Caution The above connection diagram and constant will not guarantee successful operation.
Perform thorough evaluation using the actual application to set the constant.

Sl Semiconductor Corporation 15



SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
S-1009 Series Rev.5.1 o1

B Explanation of Terms

1.

16

/ Detection voltage
—VDET max. +VDET max. 7

Detection voltage (—Vber)

The detection voltage is a voltage at which the output in Figure 21 turns to "L". The detection voltage varies slightly
among products of the same specification. The variation of detection voltage between the specified minimum
(=Voer min.) and the maximum (—Vper max.) is called the detection voltage range (refer to Figure 19).

Example: In the S-1009C15, the detection voltage is either one in the range of 1.488 V < —Vper < 1.512 V.
This means that some S-1009C15 have —Vper = 1.488 V and some have —Vper = 1.512 V.

Release voltage (+VbeT)

The release voltage is a voltage at which the output in Figure 21 turns to "H". The release voltage varies slightly
among products of the same specification. The variation of release voltages between the specified minimum (+Vper
min.) and the maximum (+Vper max.) is called the release voltage range (refer to Figure 20). The range is
calculated from the actual detection voltage (—Voet) of a product and is in the range of —Vper x 1.04 < +Vper < —VpeT
% 1.06.

Example: For the S-1009C15, the release voltage is either one in the range of 1.548 V < +Vper < 1.602 V.
This means that some S-1009C15 have +Vper = 1.548 V and some have +Voer = 1.602 V.

VDD VDD
Release voltage

AN, A Detection voltage Release voltage
Vper min \__V range +Vper min. ¥ _range
—VDET .
\ .
ouT l T
> <— Delay time
Figure 19 Detection Voltage Figure 20 Release Voltage
_. '
R™
Voo |4 | [vbD ouT 100 kQ

~
L)
(=)
&)
<
w
w
(@)
O

*4. Ris unnecessary for CMOS output product.

Figure 21 Test Circuit of Detection Voltage and Release Voltage
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
Rev.5.1 o1 S-1009 Series

2. Hysteresis width (Vhys)

The hysteresis width is the voltage difference between the detection voltage and the release voltage (the voltage at
point B — the voltage at point A = Vuys in "Figure 15 Operation 2"). Setting the hysteresis width between the
detection voltage and the release voltage, prevents malfunction caused by noise on the input voltage.

3. Delay time (tp)
The delay time in the S-1009 Series is a period from the input voltage to the VDD pin exceeding the release voltage

(+Voer) until the output from the OUT pin inverts. The delay time changes according to the delay capacitor (Cp).

Vbp

+VpeT

ouT

tb

Figure 22 Delay Time

4. Feed-through current

Feed-through current is a current that flows instantaneously at the time of detection and release of a voltage
detector. The feed-through current is large in CMOS output product, small in Nch open-drain output product.

5. Oscillation

In applications where a resistor is connected to the voltage detector input (Figure 23), taking a CMOS active "L"
product for example, the feed-through current which is generated when the output goes from "L" to "H" (release)
causes a voltage drop equal to [feed-through current] x [input resistance] across the resistor. When the input
voltage drops below the detection voltage (-Vpet) as a result, the output voltage goes to low level. In this state, the
feed-through current stops and its resultant voltage drop disappears, and the output goes from "L" to "H". The
feed-through current is then generated again, a voltage drop appears, and repeating the process finally induces
oscillation.

vbDD O

Ra

Vin
O OUT

Rs L7

VSSs O ®

Figure 23 Example for Bad Implementation Due to Detection Voltage Change

Sl Semiconductor Corporation 17



SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
S-1009 Series Rev.5.1 o1

B Precautions

18

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

In CMOS output product of the S-1009 Series, the feed-through current flows at the detection and the release. If the
input impedance is high, oscillation may occur due to the voltage drop by the feed-through current during releasing.

In CMOS output product oscillation may occur when a pull-down resistor is used, and falling speed of the power
supply voltage (Vop) is slow near the detection voltage.

When designing for mass production using an application circuit described herein, the product deviation and
temperature characteristics of the external parts should be taken into consideration. SIl Semiconductor Corporation

shall not bear any responsibility for patent infringements related to products using the circuits described herein.

Sl Semiconductor Corporation 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.

Sll Semiconductor Corporation



SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
Rev.5.1 o1 S-1009 Series

B Characteristics (Typical Data)

1. Detection voltage (Voer) vs. Temperature (Ta)

S-1009N08 S-1009N11
0.90 1.20
0.85 +VoET 1.15 Y/oeT
) >,
£ 0.80 £ 1.10
< ~VDET = —VoET
0.75 1.05
0.70 1.00
—40 -25 0 25 50 75 85 —-40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
S-1009N12 S-1009N46
1.40 5.00
+VDET
1.30 +VDET 4.80
=) =)
= 1.20 = 4.60
E —VoeT E —Voer
1.10 4.40
1.00 4.20
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
2. Hysteresis width (Vuys) vs. Temperature (Ta)
S-1009N08 S-1009N11
8 8
7 7
S S
¢ ¢
S S
4 4
3 3
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
S-1009N12 S-1009N46
8 8
7 7
S S
(] (2]
£ s £ s
4 4
3 3
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
S-1009 Series

Rev.5.1 o1
3. Current consumption (Iss) vs. Input voltage (Vob)
S-1009C08 Ta=+25°C S-1009C11 Ta=+25°C
1.50 1.00 —
1.25 -~
L 075 ,/
= / =1 >
= 0.75 = 0.50
1) L~ %) /
@ " 2
0.50 — P
] 0.25
0.25 /
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Vob [V] Vob [V]
S-1009C12 Ta=+25°C S-1009C46 Ta=+25°C
1.0 1.0
0.75 _— 0.75
2 0.50 — = 0.50 —
] ]
0.25 0.25 —
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Voo [V] Voo [V]
4. Current consumption (Iss) vs. Temperature (Ta)
S-1009N08 Vop = +Vper + 0.6 V S-1009N11 Vop = +Vper + 0.6 V
1.00 1.00
0.75 0.75
< <
= 0.50 = 0.50
e
0.25 0.25
0 0
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
S-1009N12 Vop = +Vper + 0.6 V S-1009N46 Vop = +Vper + 0.6 V
1.00 1.00
0.75 0.75
< <
=, =,
= 0.50 = 0.50
2 2 /_,._-—_____-—-
@ @ —
0.25 |—=— 0.25 F—
0 0
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)

Rev.5.1 o1 S-1009 Series
5. Nch transistor output current (lout) vs. Vbs 6. Pch transistor output current (lout) vs. Vbs
S-1009N46 Ta =+25°C S-1009C08 Ta=+25°C
15.0 r v 40.0 r
125 Vob=3.6V Vob =84V
' —T 30.0 _—
< 100 — g / [ — 72V
E .5 L _loav £ 200 > 6.0V
5o T | 5 — 1
2 50 e ks — 4.8V
10.0 6V
25 1.2V /2_4'\,3 6
0 10V 0 Ci2vV
0 05 10 15 2.0 25 3.0 35 4.0 0 20 4.0 6.0 8.0 10.0
Vs [V] Vos [V]
7. Nch transistor output current (lout) vs. 8. Pch transistor output current (lout) vs.
Input voltage (Vbb) Input voltage (Vbb)
S-1009N46 Vps =0.5V S-1009C08 Vps =0.5V
4.0 T T 4.5 T T
Ta = —40 C X—//} gg Ta = _4OOC 7//
_ 30 — —_— . ——
s 7 [ | M2sc 5 ?g /8 \+25°C
T 10 +85°C T 10 _\i85°C
' |
0.5
0 o LZ |
0 1.0 20 30 40 50 6.0 0 2 4 6 8 10
Vop [V] Vop [V]

Remark Vbs: Drain-to-source voltage of the output transistor
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
S-1009 Series Rev.5.1 o1

9. Minimum operation voltage (Vourt) vs. Input voltage (Vop)

S-1009N08 Pull-up to Vop S-1009N11 Pull-up to Vop
Pull-up resistance: 100 kQ Pull-up resistance: 100 kQ
1.2 1.4
1.0 1.2 ~
— 10
S = 08
5 06 Ta=-40°C 3 06 /Ta = 40°C
> 04 > !
| ~+25°C 0.4 /+25°C
]
0.2 A/Jrgsoc 0.2 /&’/ﬁssoc
0 ' 0 '
0 0.2 0.4 0.6 0.8 1.0 0 02 04 06 08 10 12
Vob [V] Vop [V]
S-1009N12 Pull-up to Vop S-1009N46 Pull-up to Vop
Pull-up resistance: 100 kQ Pull-up resistance: 100 kQ
1.6 6.0
5.0
1.2
E E 4.0
5 0.8 = _40° 5 3.0
é Ta | 40°C é 20 Ta= _4I_00C
0.4 +25°C ' /| +25°C
° 1.0 '
0 ?(4_?5 C 0 %/_’_Ssocl
0 02 04 06 08 10 12 14 0 1.0 20 3.0 4.0 5.0
Vop [V] Vop [V]
S-1009N08 Pull-up to 10 V S-1009N11 Pull-up to 10 V
Pull-up resistance: 100 kQ Pull-up resistance: 100 kQ
12.0 T 12.0 | |
10.0 —Ta =-40°C 10.0
ﬁ( e \‘\ Ta =-40°C
s 80 \ JT25 C s 80 \ 5C
I:' 6.0 \ +85°C I:' 6.0 \ ( L L
8 . 8 ’ \ /+8500
> 40 > 40
20 A\ \ 20 e
’ \\ ’ L
0 0.2 0.4 0.6 0.8 1.0 0 02 04 06 08 10 12
Vop [V] Vob [V]
S-1009N12 Pull-up to 10 V S-1009N46 Pull-up to 10 V
Pull-up resistance: 100 kQ Pull-up resistance: 100 kQ
12.0 12.0 '
| Ta =-40°C
10.0 ' ' 10.0 ;
80 \ ,Ta=-40°C 80 L +25°C
s 8 WY [ 1 s 8 +85°C
'g 6.0 \/\//JrIZSOC 'é 6.0
= 40 —+85°C > 40
2.0 2.0
’ \ ’
0 02 04 06 08 10 12 14 0 1.0 2.0 3.0 4.0 5.0
Vob [V] Vob [V]
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
S-1009 Series

Rev.5.1 o1

10. Dynamic response vs.

Output pin capacitance (Cout) (CD pin; open)

0.0001  0.001 0.01
Output pin capacitance [uF]

0.0001  0.001 0.01
Output pin capacitance [uF]

0.1

0.0001  0.001 0.01
Output pin capacitance [uF]

0.1

S-1009C08 S-1009N08
_ 1 = _ 10
[2]) 2]
E E |
g 01 2
© o 0.1
g 0.01 2
o . o
2 2 0.01
[0) Q
x 14
0.001 0.001
0.00001 0.0001  0.001 0.01 0.1 0.00001
Output pin capacitance [uF]
S-1009C11 S-1009N11
_ 1 _ 10
[2]) 2]
E E |
g 01 2
© o 0.1
g 0.01 2
o . o
2 2 0.01
[0) Q
x 14
0.001 0.001
0.00001 0.0001  0.001 0.01 0.1 0.00001
Output pin capacitance [uF]
S-1009C12 S-1009N12
_ 1 _ 10
[2]) 2]
E E |
g 0.1 2
© o 0.1
g 0.01 g
g H 2 0.01
(0] 1 [0]
ne 1l o
0.001 0.001
0.00001 0.0001  0.001 0.01 0.1 0.00001
Output pin capacitance [uF]
S-1009C46 S-1009N46
_ 1 _ 10
[2]) 1)
E tpu i E
g 0.1 == g
§ s ARt é 0.1
c A c
% 0.01 %tpm == % 0.01
[0} [0
X 04
0.001 0.001
0.00001 0.0001  0.001 0.01 0.1 0.00001

Output pin capacitance [uF]
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
S-1009 Series Rev.5.1 o1

1us 1ps

i J— p—
Vin

Input voltage

Vbp

7

*2
VIL

.............. Voo ® x 90%

*3
VDD

Output voltage

VDD*3 X 10— i
*1. R and Vbp1 are unnecessary for CMOS output

1. V=10V product.
2. V=07V
*3. CMOS output product: Vbb

Nch open-drain product: Vbp1

Figure 24 Test Condition of Response Time Figure 25 Test Circuit of Response Time

Caution 1. The above connection diagram and constant will not guarantee successful operation.
Perform thorough evaluation using the actual application to set the constant.
2. When the CD pin is open, a double pulse may appear at release.
To avoid the double pulse, attach 100 pF or more capacitor to the CD pin.
Response time when detecting (teuL) is not affected by CD pin capacitance. Besides, response
time when releasing (trLn) can be set the delay time by attaching the CD pin.
Refer to "11. Delay time (tp) vs. CD pin capacitance (Cp) (without output pin capacitance)" for
details.

11. Delay time (to) vs. CD pin capacitance (Cp) (without output pin capacitance)

S-1009N08 Ta =+25°C S-1009N11 Ta =+25°C
10000 10000
1000 1000
@ 100 @ 100

£ £
o 10 o 10
1 1
0.1 0.1
0.1 1 10 100 1000 0.1 1 10 100 1000
Cpo [nF] Cpo [nF]

S-1009N12 Ta =+25°C S-1009N46 Ta =+25°C
10000 10000
1000 1000
@ 100 @ 100

£ £
o 10 o 10
1 1
0.1 0.1
0.1 1 10 100 1000 0.1 1 10 100 1000
Cpo [nF] Co [nF]
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SUPER-LOW CURRENT CONSUMPTION SUPER HIGH-ACCURACY VOLTAGE DETECTOR WITH DELAY CIRCUIT (EXTERNAL DELAY TIME SETTING)
Rev.5.1 o1 S-1009 Series

12. Delay time (to) vs. Temperature (Ta)

S-1009N08 Co=4.7nF S-1009N11 Co=4.7nF
50 50
40 40
— S~
% 30 — % 30 —
2 20 — 2 20
10 10
0 0
—40 —25 0 25 50 75 85 —40 —25 0 25 50 75 85
Ta[°C] Ta[°C]
S-1009N12 Co=4.7nF S-1009N46 Co=4.7nF
50 50
40 P> 40 P>
% 30 e~ @ 30 e~
2 20 M—— 2 20 —
10 10
0 0
—40 —25 0 25 50 75 85 —40 —25 0 25 50 75 85
Ta[°C] Ta [°C]

“ —® ®
Vig e R
Input voltage VDD_L . [vop out 100 kQ
VL2 o I |vss cp .
1
Output voltage ® ® —l_
v *1. Ris unnecessary for CMOS output product.
F—
1. Vn=10V
*2. V=07V

Figure 26 Test Condition for Delay Time Figure 27 Test Circuit for Delay Time

Caution The above connection diagram and constant will not guarantee successful operation.
Perform thorough evaluation using the actual application to set the constant.
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