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The S-1004 Series is a high-accuracy voltage detector developed using CMOS technology. The detection voltage is fixed
internally with an accuracy of +1.0% (—Vpet(s) = 2.2 V). It operates with current consumption of 500 nA typ.

Apart from the power supply pin, the detection voltage input pin (SENSE pin) is also prepared, so the output is stable even
if the SENSE pin falls to 0 V.

The release signal can be delayed by setting a capacitor externally, and the release delay time accuracy at Ta = +25°C is
+15%.

Two output forms Nch open-drain output and CMOS output are available.

B Features

e Detection voltage: 1.0V to 5.0V (0.1V step)

o Detection voltage accuracy: +1.0% (2.2 V < —VpeT(5) < 5.0 V)
22 mV (1.0 V £ —Vpers) < 2.2 V)

e Current consumption: 500 nA typ.

o Operation voltage range: 0.95V to 10.0 V

o Hysteresis width: 5% + 2%

e Release delay time accuracy:  +15% (Cp = 4.7 nF, Ta = +25°C)

e Output form: Nch open-drain output (Active "L")

CMOS output (Active "L")
e Operation temperature range:  Ta = —-40°C to +85°C
e Lead-free (Sn 100%), halogen-free
B Applications
o Power supply monitor for microcomputer and reset for CPU
e Constant voltage power supply monitor for TV, Blu-ray recorder and home appliance
o Power supply monitor for portable devices such as notebook PC, digital still camera and mobile phone

B Packages

e SOT-23-5
e SNT-6A
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B Block Diagrams
1. S-1004 Series NA / NB type (Nch open-drain output)
SENSE Function Status
@ Output logic | Active "L"
VDD é&@\L‘
Delay
circuit ) ouT
*1
*1
VSS %
)
-/
CD
*1. Parasitic diode
Figure 1
2. S-1004 Series CA / CB type (CMOS output)
SENSE Function Status
Output logic | Active "L"
VDD (J)—o
Delay
circuit
*1
VSS %
()
—/
CD
*4. Parasitic diode
Figure 2
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B Product Name Structure

Users can select the output form and detection voltage value for the S-1004 Series.

Refer to "1. Product name" regarding the contents of product name, "2. Function list of product types" regarding
the product types, "3. Packages" regarding the package drawings and "4. Product name list" regarding details of
product name.

1. Product name

$-1004 x 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
I6T1: SNT-6A, Tape

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

Detection voltage value
10 to 50
(e.g., when the detection voltage is 1.0 V, it is expressed as 10.)

Pin configuration™
A'B

Output form™
N: Nch open-drain output (Active "L")™*
C: CMOS output (Active "L")*

*1. Refer to the tape drawing.

*2. Refer to "® Pin Configurations".

*3. Referto "2. Function list of product types".

*4. If you request the product with output logic active "H", contact our sales office.

2. Function list of product types

Table 1
Product Type Output Form Output Logic Pin Configuration Package
NA Nch oben-drain outout Active "L" A SOT-23-5, SNT-6A
NB P P Active "L" B SOT-23-5
CA Active "L" A SOT-23-5, SNT-6A
CB CMOS output Active "L" B SOT-23-5
3. Packages
Table 2 Package Drawing Codes
Package Name Dimension Tape Reel Land
SOT-23-5 MPO005-A-P-SD MPO005-A-C-SD MP005-A-R-SD -
SNT-6A PG006-A-P-SD PG006-A-C-SD PG006-A-R-SD PG006-A-L-SD
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4. Product name list

4.1 S-1004 Series NA type

Output form: Nch open-drain output (Active "L")

Table 3

Detection Voltage

SOT-23-5

SNT-6A

1.0V+22mV S-1004NA10I-M5T1U S-1004NA10I-16T1U
1.1V+£22mV S-1004NA111-M5T1U S-1004NA111-16T1U
1.2V+22mV S-1004NA12I-M5T1U S-1004NA121-16T1U
1.3V£22mV S-1004NA13I-M5T1U S-1004NA13I-16T1U
1.4V £22mV S-1004NA141-M5T1U S-1004NA141-16T1U
1.5V+22mV S-1004NA151-M5T1U S-1004NA15I-16T1U
1.6V+22mV S-1004NA161-M5T1U S-1004NA161-16T1U
1.7V+22mV S-1004NA171-M5T1U S-1004NA171-16T1U
1.8V +22mV S-1004NA18I-M5T1U S-1004NA18I-16T1U
1.9V+22mV S-1004NA19I-M5T1U S-1004NA191-16T1U
20V+22mV S-1004NA201-M5T1U S-1004NA201-16T1U
21V+22mV S-1004NA211-M5T1U S-1004NA211-16T1U
22V+1.0% S-1004NA221-M5T1U S-1004NA221-16T1U
23V+1.0% S-1004NA231-M5T1U S-1004NA23I-16T1U
24V+1.0% S-1004NA241-M5T1U S-1004NA241-16T1U
25V+£1.0% S-1004NA251-M5T1U S-1004NA25I-16T1U
26V+1.0% S-1004NA261-M5T1U S-1004NA261-16T1U
27V+£1.0% S-1004NA271-M5T1U S-1004NA271-16T1U
28V+1.0% S-1004NA28I-M5T1U S-1004NA28I-16T1U
29V+1.0% S-1004NA29I-M5T1U S-1004NA291-16T1U
3.0V+1.0% S-1004NA30I-M5T1U S-1004NA30I-16T1U
3.1V+1.0% S-1004NA311-M5T1U S-1004NA311-16T1U
32V+1.0% S-1004NA321-M5T1U S-1004NA32I-16T1U
33V+1.0% S-1004NA33I-M5T1U S-1004NA33I-16T1U
34V+1.0% S-1004NA341-M5T1U S-1004NA34I-16T1U
3.5V+1.0% S-1004NA351-M5T1U S-1004NA351-16T1U
3.6V+1.0% S-1004NA361-M5T1U S-1004NA361-16T1U
3.7V+£1.0% S-1004NA371-M5T1U S-1004NA371-16T1U
3.8V+1.0% S-1004NA38I-M5T1U S-1004NA38I-16T1U
3.9V+1.0% S-1004NA39I1-M5T1U S-1004NA39I-16T1U
40V+1.0% S-1004NA401-M5T1U S-1004NA40I-16T1U
41V+1.0% S-1004NA411-M5T1U S-1004NA411-16T1U
4.2V +1.0% S-1004NA421-M5T1U S-1004NA42I1-16T1U
43V+1.0% S-1004NA431-M5T1U S-1004NA43I-16T1U
4.4V +1.0% S-1004NA441-M5T1U S-1004NA441-16T1U
45V+1.0% S-1004NA451-M5T1U S-1004NA451-16T1U
46V£1.0% S-1004NA461-M5T1U S-1004NA461-16T1U
4.7V +1.0% S-1004NA471-M5T1U S-1004NA471-16T1U
4.8V +1.0% S-1004NA48I-M5T1U S-1004NA48I-16T1U
49V+1.0% S-1004NA491-M5T1U S-1004NA49I1-16T1U
5.0V +1.0% S-1004NAS501-M5T1U S-1004NA50I-16T1U
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4.2 S-1004 Series NB type

Output form: Nch open-drain output (Active "L")

Table 4

Detection Voltage

SOT-23-5

1.0V+22mV S-1004NB10I-M5T1U
1.1V+22mV S-1004NB111-M5T1U
1.2V+22mV S-1004NB12I-M5T1U
1.3V+22mV S-1004NB13I-M5T1U
1.4V +£22mV S-1004NB141-M5T1U
1.5V+22mV S-1004NB15I-M5T1U
1.6V+22mV S-1004NB16I-M5T1U
1.7V+22mV S-1004NB17I-M5T1U
1.8V+22mV S-1004NB18I-M5T1U
1.9V+22mV S-1004NB19I-M5T1U
20vV+22mV S-1004NB20I-M5T1U
21VvV+22mV S-1004NB211-M5T1U
22V £1.0% S-1004NB221-M5T1U
23V+1.0% S-1004NB23I-M5T1U
24V +£1.0% S-1004NB24I-M5T1U
25V+£1.0% S-1004NB25I-M5T1U
26V+1.0% S-1004NB26I-M5T1U
27V+1.0% S-1004NB271-M5T1U
28V +1.0% S-1004NB28I-M5T1U
29V+1.0% S-1004NB29I-M5T1U
3.0V+1.0% S-1004NB30I-M5T1U
3.1V +1.0% S-1004NB31I-M5T1U
3.2V+1.0% S-1004NB32I-M5T1U
3.3V+1.0% S-1004NB33I-M5T1U
34V+1.0% S-1004NB34I-M5T1U
3.5V+1.0% S-1004NB35I-M5T1U
3.6V+1.0% S-1004NB361-M5T1U
3.7V+1.0% S-1004NB371-M5T1U
3.8V+1.0% S-1004NB38I-M5T1U
3.9V +1.0% S-1004NB39I-M5T1U
4.0V +1.0% S-1004NB40I-M5T1U
41V +1.0% S-1004NB41I-M5T1U
4.2V +1.0% S-1004NB42I-M5T1U
43V +1.0% S-1004NB43I1-M5T1U
4.4V +1.0% S-1004NB441-M5T1U
45V £1.0% S-1004NB45I-M5T1U
46V £1.0% S-1004NB461-M5T1U
4.7V +1.0% S-1004NB47I-M5T1U
4.8V +1.0% S-1004NB48I-M5T1U
49V +1.0% S-1004NB49I-M5T1U
50V +1.0% S-1004NB50I-M5T1U
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4.3 S-1004 Series CA type

Output form: CMOS output (Active "L")

Table 5
Detection Voltage SOT-23-5 SNT-6A
1.0V+22mV S-1004CA10I-M5T1U S-1004CA101-16T1U
1.1V+22mV S-1004CA111-M5T1U S-1004CA111-16T1U
1.2V+22mV S-1004CA12I-M5T1U S-1004CA12I1-16T1U
1.3V+22mV S-1004CA13I-M5T1U S-1004CA13I-16T1U
14V+22mV S-1004CA14I1-M5T1U S-1004CA141-16T1U
1.5V+22mVv S-1004CA15I-M5T1U S-1004CA151-16T1U
1.6V+22mV S-1004CA161-M5T1U S-1004CA161-16T1U
1.7V+22mV S-1004CA171-M5T1U S-1004CA171-16T1U
1.8V+22mV S-1004CA18I-M5T1U S-1004CA18I-16T1U
1.9V+22mV S-1004CA19I-M5T1U S-1004CA19I-16T1U
20V+22mV S-1004CA20I-M5T1U S-1004CA20I-16T1U
21V +22mV S-1004CA21I1-M5T1U S-1004CA211-16T1U
22V +1.0% S-1004CA22I-M5T1U S-1004CA22I-16T1U
2.3V +1.0% S-1004CA23I-M5T1U S-1004CA23I-16T1U
24V +£1.0% S-1004CA24I-M5T1U S-1004CA241-16T1U
25V +1.0% S-1004CA25I-M5T1U S-1004CA251-16T1U
26V+1.0% S-1004CA26I-M5T1U S-1004CA261-16T1U
2.7V +1.0% S-1004CA271-M5T1U S-1004CA271-16T1U
28V +1.0% S-1004CA28I-M5T1U S-1004CA28I-16T1U
29V +1.0% S-1004CA29I-M5T1U S-1004CA29I-16T1U
3.0V+1.0% S-1004CA30I-M5T1U S-1004CA30I-16T1U
3.1V+1.0% S-1004CA31I-M5T1U S-1004CA311-16T1U
3.2V+1.0% S-1004CA32I-M5T1U S-1004CA32I-16T1U
3.3V+1.0% S-1004CA33I-M5T1U S-1004CA33I-16T1U
3.4V +1.0% S-1004CA34I-M5T1U S-1004CA34I-16T1U
3.5V+1.0% S-1004CA35I-M5T1U S-1004CA351-16T1U
3.6 V+1.0% S-1004CA36I-M5T1U S-1004CA361-16T1U
3.7V+1.0% S-1004CA37I-M5T1U S-1004CA371-16T1U
3.8V+1.0% S-1004CA38I-M5T1U S-1004CA38I-16T1U
3.9V +1.0% S-1004CA39I-M5T1U S-1004CA39I-16T1U
40V +1.0% S-1004CA40I-M5T1U S-1004CA401-16T1U
41V +1.0% S-1004CA411-M5T1U S-1004CA411-16T1U
42V +1.0% S-1004CA42I-M5T1U S-1004CA421-16T1U
4.3V +1.0% S-1004CA43I-M5T1U S-1004CA431-16T1U
44V +1.0% S-1004CA441-M5T1U S-1004CA441-16T1U
45V +1.0% S-1004CA45I-M5T1U S-1004CA451-16T1U
46V +1.0% S-1004CA461-M5T1U S-1004CA461-16T1U
4.7V +£1.0% S-1004CA471-M5T1U S-1004CA471-16T1U
48V +1.0% S-1004CA48I-M5T1U S-1004CA48I-16T1U
49V +1.0% S-1004CA49I-M5T1U S-1004CA491-16T1U
5.0V +1.0% S-1004CA50I-M5T1U S-1004CA501-16T1U
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4.4 S-1004 Series CB type

Output form: CMOS output (Active "L")

Table 6

Detection Voltage

SOT-23-5

1.0V+22mV S-1004CB10I-M5T1U
1.1V+22mV S-1004CB111-M5T1U
1.2V+22mV S-1004CB12I-M5T1U
1.3V+22mV S-1004CB13I-M5T1U
1.4V +£22mV S-1004CB141-M5T1U
1.5V+22mV S-1004CB15I-M5T1U
1.6V+22mV S-1004CB16I-M5T1U
1.7V+22mV S-1004CB17I-M5T1U
1.8V+22mV S-1004CB18I-M5T1U
1.9V+22mV S-1004CB19I-M5T1U
20vV+22mV S-1004CB20I-M5T1U
21VvV+22mV S-1004CB211-M5T1U
22V £1.0% S-1004CB22I-M5T1U
23V+1.0% S-1004CB23I-M5T1U
24V +£1.0% S-1004CB24I-M5T1U
25V+£1.0% S-1004CB25I-M5T1U
26V+1.0% S-1004CB26I-M5T1U
27V+1.0% S-1004CB271-M5T1U
28V +1.0% S-1004CB28I-M5T1U
29V+1.0% S-1004CB29I-M5T1U
3.0V+1.0% S-1004CB30I-M5T1U
3.1V +1.0% S-1004CB31I-M5T1U
3.2V+1.0% S-1004CB32I-M5T1U
3.3V+1.0% S-1004CB33I-M5T1U
34V+1.0% S-1004CB34I-M5T1U
3.5V+1.0% S-1004CB35I-M5T1U
3.6V+1.0% S-1004CB361-M5T1U
3.7V+1.0% S-1004CB371-M5T1U
3.8V+1.0% S-1004CB38I-M5T1U
3.9V +1.0% S-1004CB39I-M5T1U
4.0V +1.0% S-1004CB40I-M5T1U
41V +1.0% S-1004CB41I-M5T1U
4.2V +1.0% S-1004CB42I-M5T1U
43V +1.0% S-1004CB43I-M5T1U
4.4V +1.0% S-1004CB441-M5T1U
45V £1.0% S-1004CB45I-M5T1U
46V £1.0% S-1004CB461-M5T1U
4.7V +1.0% S-1004CB47I-M5T1U
4.8V +1.0% S-1004CB48I-M5T1U
49V +1.0% S-1004CB49I-M5T1U
50V +1.0% S-1004CB50I-M5T1U
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B Pin Configurations

1. S-1004 Series NA / CA type
1.1 SOT-23-5
Top view

5 4
H H

HdHd
1.2 3
Figure 3

1.2 SNT-6A

Top view

1 1
2 1
3 1

o

~O1O

Figure 4

2. S-1004 Series NB / CB type
2.1 SOT-23-5
Top view

5 4
H H

HHH
123

Figure 5

Table 7 Pin Configuration A

Pin No. Symbol Description
1 ouT Voltage detection output pin
2 VDD Power supply pin
3 VSS GND pin
4 CD Connection pin for delay capacitor
5 SENSE Detection voltage input pin
Table 8 Pin Configuration A
Pin No. Symbol Description
1 ouT Voltage detection output pin
2 VDD Power supply pin
3 SENSE Detection voltage input pin
4 CD Connection pin for delay capacitor
5 NC™ No connection
6 VSS GND pin

*1. The NC pin is electrically open.
The NC pin can be connected to the VDD pin or the VSS pin.

Table 9 Pin Configuration B

Pin No. Symbol Description
1 ouT Voltage detection output pin
2 VSS GND pin
3 VDD Power supply pin
4 SENSE Detection voltage input pin
5 CD Connection pin for delay capacitor
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B Absolute Maximum Ratings

Table 10
(Ta = +25°C unless otherwise specified)
Item Symbol Absolute Maximum Rating Unit
Power supply voltage Vop — Vss 12.0 \%
CD pin input voltage Vcb Vss — 0.3 to Voo + 0.3 V
SENSE pin input voltage Vsense Vss —0.3t012.0 \%
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
Power dissipation SOT-23-5 Po 600~ mw
SNT-6A 400" mwW
Operation 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) Name:

Caution

JEDEC STANDARDS1-7

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.

700
2 600
= SOT-23-5
o 500 \\/
S 400 SNT-6A
g -
=300
0 \
2 200 S
g N S
S S
5 100 S

0

0 50 100 150

Ambient Temperature (Ta) [°C]

Figure 6 Power Dissipation of Package (When Mounted on Board)
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B Electrical Characteristics

1. Nch open-drain output product

Table 11
(Ta = +25°C unless otherwise specified)
- . . Test
Item Symbol Condition Min. Typ. Max. Unit Circuit
-V -V
1.0V <-Voers) <22V ODBT2(82) —VDET(s) + ODI(E)T2(82) \ 1
Detection voltage™ [-Vper 0.95V<Vop<10.0V v - v -
—VDET(8) —VDET(S)
< - < _
22V <-Voers) <50V % 0.99 VDET(S) % 1.01 \% 1
L —Voer | —Voer | —Voer
Hysteresis width  |Vhys - %0.03 | x005 | x007 \% 1
Current I Iss Vop = 10.0 V, Vsense = —Voer) + 1.0V - 0.50 0.90 A 2
consumption
Operation voltage [Vop - 0.95 - 10.0 \Y 1
Output transistor Vop =0.95V 0.59 1.00 — mA 3
Outout current | Nch Vop=1.2V 0.73 1.33 — mA 3
P ouT Vps3=05V Voo =24V 147 | 2.39 - mA | 3
Vsense = 0.0V Vop =4.8V 1.86 2.50 — mA 3
Output transistor
Leakage current  |lLeak Nch - - 0.08 A 3
Vop = 10.0V, Vbs™ = 10.0 V, Vsense = 10.0 V
Detection voltage A-Vper
temp_eratu*re ATa e Voer Ta =-40°C to +85°C - +100 +350 |[ppm/°C| 1
coefficient™
Detection
delay time’s toeT Vob =5.0V - 40 - us 4
Release freseT Voo = ~VoeTs) + 1.0 V, Co = 4.7 nF 1079 | 1269 | 1459 | ms | 4
delay time
SENSE pin R 1.0V <—-Voerg <1.2V 5.0 19.0 42.0 MQ 2
resistance SENSE 1.2V < —Vpers) < 5.0 V 6.0 | 300 | 980 | Mo | 2
*1. —Voer: Actual detection voltage value, —Voet(s): Set detection voltage value (the center value of the detection voltage

range in Table 3 or Table 4)

*2. The current flowing through the SENSE pin resistance is not included.
*3. Vbs: Drain-to-source voltage of the output transistor
*4. The temperature change of the detection voltage [mV/°C] is calculated by using the following equation.
A-VDET 0Tk . A-VDET S
TATa [mV/°C]" = —VpeT(s) (typ.)[V]2 x ATa e Voer [ppm/°C]™ + 1000
*1. Temperature change of the detection voltage
*2. Set detection voltage
*3. Detection voltage temperature coefficient
*5. The time period from when the pulse voltage of 6.0 V — —Vperis) — 2.0 V or 0 V is applied to the SENSE pin to when
Vout reaches Vpp / 2, after the output pin is pulled up to 5.0 V by the resistance of 470 kQ.
*6. The time period from when the pulse voltage of 0.95 V — 10.0 V is applied to the SENSE pin to when Vour reaches
Vob x 90%, after the output pin is pulled up to Vop by the resistance of 100 kQ.
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2. CMOS output product

Table 12
(Ta = +25°C unless otherwise specified)
. . . Test
ltem Symbol Condition Min. Typ. Max. Unit Circuit
1.0V < ~Vpers) < 2.2V :\ngTz(Sz) ~VoET(s) ;\SD;TZ(SZ) Vv 1
Detection voltage™ [-Vper 0.95V<Vop<10.0V v - v -
—VDET(S) —VDET(S)
< < _
22V <-Voers) <50V %099 VDET(S) %101 \% 1
L —Vper | —Voer | —Voer
Hysteresis width  |Vhys - %0.03 | x0.05 | x0.07 V 1
curent = liss Voo = 10.0 V, Vsense = ~Voers) + 1.0 V - | 050 | 090 | pA | 2
consumption
Operation voltage [Vbb — 0.95 — 10.0 \% 1
Output transistor Vop = 0.95 V 0.59 1.00 — mA 3
Nch Vop =12V 0.73 1.33 - mA 3
Vps®=0.5V Vbop =24V 1.47 2.39 - mA 3
Vsense = 0.0V Vop =4.8V 1.86 2.50 - mA 3
Output current lout Outout © st
Hiput transistor Voo = 4.8V 162 | 260 | - mA | 5
Pch
Vps®=0.5V _
Vsense = 10.0 V Vbp = 6.0V 1.78 2.86 - mA 5
Detection voltage A—Voer
temperature ATa * Voer Ta =-40°C to +85°C - +100 +350 |[ppm/°C| 1
coefficient™
Detection
delay time’s toeT Vop =5.0V - 40 - us 4
Release {RESET Vb = —Vper(s) + 1.0 V, Cp = 4.7 nF 10.79 | 1269 | 1459 | ms | 4
delay time
SENSE pin R 1.0V < -Voerg) <1.2V 5.0 19.0 42.0 MQ 2
resistance SENSE 1.2V < —Vper) < 5.0 V 60 | 300 | 980 | Mo | 2
*1. —Vper: Actual detection voltage value, —Vpet(s): Set detection voltage value (the center value of the detection voltage

range in Table 5 or Table 6)

*2. The current flowing through the SENSE pin resistance is not included.
*3.  Vbs: Drain-to-source voltage of the output transistor
*4. The temperature change of the detection voltage [mV/°C] is calculated by using the following equation.
% [MV/°C]" = ~Voers) (typ.)[V]2 x #_D\E;DET [PPm/°C] + 1000
*1. Temperature change of the detection voltage
*2. Set detection voltage
*3. Detection voltage temperature coefficient
*5.  The time period from when the pulse voltage of 6.0 V — —Vpers) — 2.0 V or 0 V is applied to the SENSE pin to when
Vour reaches Voo / 2.
*6. The time period from when the pulse voltage of 0.95 V — 10.0 V is applied to the SENSE pin to when Vout reaches

Vobp x 90%.

Sl Semiconductor Corporation
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H Test Circuits

T R
VDD VDD
Voo {‘- 100 kQ Vbb {‘-
7 SENSE OUT 7 SENSE OUT
. |vss cp N T |vss cp N
Figure 7 Test Circuit 1 Figure 8 Test Circuit 1
(Nch open-drain output product) (CMOS output product)
L 4
0 |
v VDD
DD +
VDD 3
Voo +£ @) SENSE OUT (»)
i + \V/
T SENSE OUT ——O I VSS  CD + >
VSS  CD I é) 0
Figure 9 Test Circuit 2 Figure 10 Test Circuit 3
! "
VDD 470 kQ or 100 kQ VDD
VDD VDD
T SENSE OUT Oscilloscope T SENSE OUT p—— Oscilloscope
P.G P.G.
VSS CD VSS CD

Figure 11 Test Circuit 4 Figure 12 Test Circuit 4
(Nch open-drain output product) (CMOS output product)

1]

VDD

Vop +

FC\DISENSE ouT

~q1

VSS CD

$

Figure 13 Test Circuit 5
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B Standard Circuits

1. Nch open-drain output product

VDD

£ f SENSE

VSS

R
100 kQ
ouT
CD
T_.
T

*1. The delay capacitor (Cp) should be connected directly to the CD pin and the VSS pin.

ouTp——»

Figure 14
2. CMOS output product
VDD
-+ f SENSE
VSS CD
1 .
T

*1. The delay capacitor (Cp) should be connected directly to the CD pin and the VSS pin.

Figure 15

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
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B Explanation of Terms

1. Detection voltage (—Vper)

The detection voltage is a voltage at which the output in Figure 18 or Figure 19 turns to "L". The detection voltage
varies slightly among products of the same specification. The variation of detection voltage between the specified
minimum (=Vper min.) and the maximum (—Vper max.) is called the detection voltage range (Refer to Figure 16).

Example: In the S-1004Cx18, the detection voltage is either one in the range of 1.778 V < —Vper < 1.822 V.
This means that some S-1004Cx18 have —Vper = 1.778 V and some have —Vper = 1.822 V.
2. Release voltage (+Vber)

The release voltage is a voltage at which the output in Figure 18 or Figure 19 turns to "H". The release voltage
varies slightly among products of the same specification. The variation of release voltage between the specified
minimum (+Voer min.) and the maximum (+Voer max.) is called the release voltage range (Refer to Figure 17). The
range is calculated from the actual detection voltage (—Voer) of a product and is in the range of —Vper x 1.03 <
+VpeT < -Vper x 1.07.

Example: For the S-1004Cx18, the release voltage is either one in the range of 1.832 V < +Vper < 1.949 V.
This means that some S-1004Cx18 have +Vper = 1.832 V and some have +Vper = 1.949 V.

VsENsE

/ Detection voltage Release voltage
_VDET max. +VDET max. \

\ A Detection voltage / 4 Release voltage
| ¥ _range i v _range

—VDET min. : +VDET min. :
| 1
| Vsense |
: |
= s
Vour \ Vour |
| ]
toeT 14> l tRESET e T
Figure 16 Detection Voltage Figure 17 Release Voltage
VTDD R VDD
Vob 100 kQ Vop
T SENSE OUT T SENSE OUT
. |vss cp 9 . |vss cp 9
Figure 18 Test Circuit of Detection Voltage Figure 19 Test Circuit of Detection Voltage
and Release Voltage and Release Voltage
(Nch open-drain output product) (CMOS output product)
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3. 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 = Vhuys in "Figure 23 Timing Chart of S-1004 Series NA / NB Type" and "Figure
25 Timing Chart of S-1004 Series CA / CB Type"). Setting the hysteresis width between the detection voltage
and the release voltage, prevents malfunction caused by noise on the input voltage.

4. Release delay time (treser)

The release delay time is the time period from when the input voltage to the SENSE pin exceeds the release
voltage (+Voer) to when the output from the OUT pin inverts. The release delay time changes according to the
delay capacitor (Cb).

Vsense

+VpET

ouT

tRESET

Figure 20 Release Delay Time

5. Feed-through current

The feed-through current is a current that flows instantaneously to the VDD pin 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.

6. Oscillation

In applications where an input resistor is connected (Figure 21), taking a CMOS output (active "L") product for
example, the feed-through current which is generated when the output goes from "L" to "H" (at the time of release)
causes a voltage drop equal to [feed-through current] x [input resistance]. Since the VDD pin and the SENSE pin
are shorted as in Figure 21, the SENSE pin voltage drops at the time of release. Then the SENSE pin voltage
drops below the detection voltage and the output goes from "H" to "L". In this status, 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.

Vop O l

Ra
ViN
VOBt
>
SENSE
VS8.CD
Reg l (CMOS output product)

GND O

Figure 21 Example for Bad Implementation Due to Detection Voltage Change
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B Operation

1.

16

Basic operation

1.1 S-1004 Series NA / NB type

(1) When the power supply voltage (Vop) is the minimum operation voltage or higher, and the SENSE pin voltage
(Vsense) is the release voltage (+Voer) or higher, the Nch transistor is turned off to output Voo ("H") when the
output is pulled up. Since the Nch transistor (N1) is turned off, the input voltage to the comparator is
(Re + Rc) @ Vsense

Ra+Rs+Rc

(2) Even if Vsense decreases to +Vper or lower, Vop is output when Vsense is higher than the detection voltage

(=VoeT).
When Vsense decreases to —Voer or lower (point A in Figure 23), the Nch transistor is turned on. And then Vss
("L") is output from the OUT pin after the elapse of the detection delay time (toer).
RB o Vsense
Ra+Rs

(3) Even if Vsense further decreases to the IC's minimum operation voltage or lower, the output from the OUT pin is
stable when Vop is minimum operation voltage or higher.

(4) Even if Vsense exceeds —Vper, Vss is output when Vsense is lower than +Vper.

(5) When Vsensk increases to +Voper or higher (point B in Figure 23), the Nch transistor is turned off. And then Voo
is output from the OUT pin after the elapse of the release delay time (treset) when the output is pulled up.

VDD
* \)“

Voo |

At this time, N1 is turned on, and the input voltage to the comparator is

KJ\SENSE

100 kQ

Delay outT

circuit )—0

VseNsE
—721

| ©

Co

e
\cD
=

*1. Parasitic diode
Figure 22 Operation of S-1004 Series NA / NB Type

(1)5 (2) 1(3)1 4
! |
] B ]
: Release voltage (+Vper)
;./ Detection voltage (—Vper)
, Minimum operation voltage
Vss

—— Vbp
Output from OUT pin | | I
' Vss

Figure 23 Timing Chart of S-1004 Series NA / NB Type

Hysteresis width \:
(Vhys) \A

Vsense
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1.2 S-1004 Series CA / CB type

(1) When the power supply voltage (Vop) is the minimum operation voltage or higher, and the SENSE pin voltage
(Vsense) is the release voltage (+Vper) or higher, the Nch transistor is turned off and the Pch transistor is turned
on to output Voo ("H"). Since the Nch transistor (N1) is turned off, the input voltage to the comparator is
(Rs + Rc) ® Vsense

Ra+ Rs + Rc

(2) Even if Vsense decreases to +Vper or lower, Vop is output when Vsense is higher than the detection voltage
(~VoET).
When Vsense decreases to —Voer or lower (point A in Figure 25), the Nch transistor is turned on and the Pch
transistor is turned off. And then Vss ("L") is output from the OUT pin after the elapse of the detection delay time
(toeT).

At this time, N1 is turned on, and the input voltage to the comparator is

RB ® Vsense
Ra + Rs

(3) Even if Vsense further decreases to the IC's minimum operation voltage or lower, the output from the OUT pin is
stable when Vpp is minimum operation voltage or higher.

(4) Even if Vsense exceeds —Vper, Vss is output when Vsensk is lower than +Vper.

(5) When Vsense increases to +Vper or higher (point B in Figure 25), the Nch transistor is turned off and the Pch
transistor is turned on. And then Vop is output from the OUT pin after the elapse of the release delay time
(tresET).

Vbp

1.

H\SENSE

— Delay
circuit )
Vsense
—7z‘
*1

M
~’cD

® .

Parasitic diode
Figure 24 Operation of S-1004 Series CA / CB Type

(M (2 1@y @) i)

N

Hysteresis width \!

(Vhvs) 3N\A :

Release voltage (+Vpet)
Detection voltage (—Vper)

VsenseE !

N

Minimum operation voltage
Vss

3/

—— Vbp
Output from OUT pin | | I
! Vss

Ll —lle—

toeT trResET

Figure 25 Timing Chart of S-1004 Series CA/ CB Type
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SENSE pin

.1 Error when detection voltage is set externally

By connecting a node that was resistance-divided by the resistor (Ra) and the resistor (Rg) to the SENSE pin as
seen in Figure 26, the detection voltage can be set externally.

For conventional products without the SENSE pin, Ra cannot be too large since the resistance-divided node must
be connected to the VDD pin. This is because a feed-through current will flow through the VDD pin when it goes
from detection to release, and if Ra is large, problems such as oscillation or larger error in the hysteresis width may
occur.

In the S-1004 Series, Ra and Rs are easily made larger since the resistance-divided node can be connected to the
SENSE pin through which no feed-through current flows. However, be careful of error in the current flowing through
the internal resistance (Rsense) that will occur.

Although Rsense in the S-1004 Series is large (5 MQ min.) to make the error small, Ra and Rs should be selected
such that the error is within the allowable limits.

.2 Selection of Ra and Rs

In Figure 26, the relation between the external setting detection voltage (Vbox) and the actual detection voltage
(—Voer) is ideally calculated by the equation below.

Vbx = —VDEeT X (1 +§_:) = (1)

However, in reality there is an error in the current flowing through Rsenske.
When considering this error, the relation between Vox and —Voer is calculated as follows.

_ __Ra
Vbpx = —VDET X (1 +Rs T RSENSE)

_ _ Ra =
= —VpeT X (1 + Rs x RSENSEJ

Rs + Rsense
} Ra Ra
= —VpeT X (1 + RB) + Reenee < —VpeT (2)
. . . Ra
By using equations (1) and (2), the error is calculated as —Vpet % = T—

The error rate is calculated as follows by dividing the error by the right-hand side of equation (1).

Ra X Rs _ RallRs
Rsense x (Ra+ Ra) < 100 [%] = "Reenee X 100 [%] 3)

As seen in equation (3), the smaller the resistance values of Ra and Rs compared to Rsense, the smaller the error
rate becomes.

Also, the relation between the external setting hysteresis width (Vix) and the hysteresis width (Vuys) is calculated
by equation below. Error due to Rsense also occurs to the relation in a similar way to the detection voltage.

R
Vix = Vhys X (1 +R_:) e (4)
]
Ra VDD
SENSE ouT
Vox ~VpeT
Rsense ‘% cD
R
® VSS

Figure 26 Detection Voltage External Setting Circuit

Caution If Ra and Rs are large, the SENSE pin input impedance becomes higher and may cause a

malfunction due to noise. In this case, connect a capacitor between the SENSE pin and the VSS
pin.
Sl Semiconductor Corporation
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2.3 Power on sequence

Apply power in the order, the VDD pin then the SENSE pin.
As seen in Figure 27, when Vsense = +Vper, the OUT pin output (Vour) rises and the S-1004 Series becomes the

release status (normal operation).

Vbp /

Vsense

1tRESET

1
1>
Vout '

Figure 27

Caution If power is applied in the order the SENSE pin then the VDD pin, an erroneous release may occur
even if Vsense < +VDEeT.

2.4 Precautions when shorting between the VDD pin and the SENSE pin

2.4.1 Inputresistor
Do not connect the input resistor (Ra) when shorting between the VDD pin and the SENSE pin.
A feed-through current flows through the VDD pin at the time of release. When connecting the circuit shown as
Figure 28, the feed-through current of the VDD pin flowing through Ra will cause a drop in Vsense at the time of
release.
At that time, oscillation may occur if Vsense < —Vper.

Ra

VDD
ouT
SENSE

Voo CD

VSS

Figure 28

2.4.2 Parasitic resistance and parasitic capacitance
Due to the difference in parasitic resistance and parasitic capacitance of the VDD pin and the SENSE pin,

power may be applied to the SENSE pin first.
Note that an erroneous release may occur if this happens (refer to "2. 3 Power on sequence").

Caution In CMOS output product, make sure that the VDD pin input impedance does not become too

high, regardless of the above. Since a feed-through current is large, a malfunction may occur if
the VDD pin voltage changes greatly at the time of release.
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2.5 Malfunction when Voo falls

As seen in Figure 29, note that if the VDD pin voltage (Vop) drops steeply below 1.2 V when —Vpet < Vsense <
+VpeT, erroneous detection may occur.

When Vbp_Low 2 1.2 V, erroneous detection does not occur.

When Vop_tow < 1.2 V, the more the Vop falling amplitude increases or the shorter the falling time becomes, the
easier the erroneous detection.

Perform thorough evaluation in actual application.

Vout

Vour falling influenced by Vpp falling
(erroneous detection)

Figure 29

The S-1004Cx50 example in Figure 30 shows an example of erroneous detection boundary conditions.

Remark Test conditions
Product name:
V/SENSE:
VDD _High:
VbD_Low:
AVpp:
tr:

20

12
10 /
~ 7,
= 8 Danger of erroneous
5 detection
I, 6
g 4 7
2
0
0.1 1 10 100 1000
tF [us]
Figure 30
S-1004Cx50
—Voets) + 0.1V

VDD pin voltage before falling

VDD pin voltage after falling (0.95 V)

Vbb_High — VDD_Low

Falling time of Vpp from Vbp_High — AVpp X 10% to Vop_Low + AVpp X 10%
VDD_High

\/bb_High — AVDD x 10%

Vobp

Vob_Low + AVpD x 10%

VDD_Low

Figure 31
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3. Delay circuit

The delay circuit has the function that adjusts the release delay time (treser) from when the SENSE pin voltage
(Vsense) reaches release voltage (+Voer) to when the output from OUT pin inverts.
treset is determined by the delay coefficient, the delay capacitor (Cb), and the release delay time when the CD pin

is open (treseto), and calculated by the equation below.

treset [ms] = Delay coefficient x Cp [nF] + treseto[ms]

Caution 1.

Table 13
Operation Delay Coefficient
Temperature Min. Typ. Max.
Ta =+85°C 1.78 2.29 3.13
Ta=+25°C 2.30 2.66 3.07
Ta =-40°C 2.68 3.09 3.57
Table 14
Operation Release Delay Time when CD Pin is Open (treseto)
Temperature Min. Typ. Max.
Ta=+85°C 0.020 ms 0.049 ms 0.130 ms
Ta=+25°C 0.021 ms 0.059 ms 0.164 ms
Ta=-40°C 0.024 ms 0.074 ms 0.202 ms

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.

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 (30 nA to 200 nA).
The detection delay time (toet) cannot be adjusted by Cp.

Sl Semiconductor Corporation
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4. Other characteristics

4.1 Temperature characteristics of detection voltage

The shaded area in Figure 32 shows the temperature characteristics of detection voltage in the operation
temperature range.

»

~Vper [V

+0.945 mV/°C

~VoeTas | 7

—0.945 mV/°C

[

—40 +25 +85 Ta [°C]

*1. —Vber2s is a detection voltage value at Ta = +25°C.

Figure 32 Temperature Characteristics of Detection Voltage (Example for —Vper = 2.7 V)

4.2 Temperature characteristics of release voltage

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

A-VDET

ATa of the detection voltage as follows:

A+Voer _ +Voer A-VpEeT

ATa —VpeT X TATa

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

4.3 Temperature characteristics of hysteresis voltage

. . A+V A=V .
The temperature change of the hysteresis voltage is expressed as ZTE;ET - ATZET and is calculated as

follows:

A+VDET A-Vper _  Vhvs A-VDEeT

ATa ATa ~ —Voer X TATa
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B Precautions

e 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-1004 Series, the feed-through current flows at the time of detection and release. If
the VDD pin input impedance is high, malfunction may occur due to the voltage drop by the feed-through current
when releasing.

¢ In CMOS output product, oscillation may occur if a pull-down resistor is connected and falling speed of the SENSE
pin voltage (Vsensk) is slow near the detection voltage when the VDD pin and the SENSE pin are shorted.

o 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.

e 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.
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B Characteristics (Typical Data)

1. Detection voltage (—Vbet), Release voltage (+Vber) vs. Temperature (Ta)

S-1004Cx10 Vb =5.0V S-1004Cx24 Vop = 5.0V
1.2 2.6
— = +VDET
S S
:- 1.1 +VDET - 25
iy a
> 1.0 Z 24
* - -V
- —VDET E DET
2 0.9 >T 2.3
I
0.8 2.2
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
S-1004Cx50 Vpop =5.0V
54
— +VDET
= 52
—
£ 50
* . —VDET
i
>r|: 4.8
4.6

40 25 0 25 50 7585
Ta [°C]

2. Hysteresis width (Vuys) vs. Temperature (Ta)

S-1004Cx10 Voo =5.0V S-1004Cx24 Vop=5.0V
7.0 7.0
6.0 6.0
0 5.0 2 5.0
I I
> >
4.0 4.0
3.0 3.0
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
S-1004Cx50 Voo =5.0V
7.0
6.0
S
0 5.0
I
>
4.0
3.0

40 25 0 25 50 7585
Ta [°C]
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3. Detection voltage (—Vper) vs. Power supply voltage (Vob)

S-1004Cx10 S-1004Cx24
1.030 2.430 |
1.020 2.420 !
1.010 2.410 Ta = +2%°C
2 Ta = +25°C =< Ta=_20°C \ [ Te=85C
5 1.000 5 2.400 oY X 7
(=] \ (=]
> 0.990 >2.390 S £
0.980 / \ 2.380 |—
Ta =-40°C Ta =+85°C
0.970 ' ! 2.370
00 20 40 60 80 100 00 20 40 60 80 100
Vob [V] Vob [V]
S-1004Cx50
5.050 |
5.025 Ta =+25°C
>
= Ta =-40°C .
2 5.000 T T2 =+85°C —
7 \ /
' 4.975 . /
4.950
00 20 40 60 80 100
Vop [V]
4. Hysteresis width (Vuys) vs. Power supply voltage (Vop)
S-1004Cx10 S-1004Cx24
7.0 | | 7.0
6.0 |—Ta=+25°C Ta = ~40°C — 6.0 Ta = +25°C
0 5.0 ¢ 5.0
I T
> >
4.0 4.0 Ta = -40°C——Ta = +85°C——
Ta =+85°C
3.0 | 3.0
00 20 40 60 80 100 00 20 40 60 80 100
Voo [V] Voo [V]
S-1004Cx50
7.0 |
6.0 Ta = +85°C
S
2 5.0
> Ta =-40°C
4.0 —Ta=+25°C az
3.0
00 20 40 60 80 100
Vob [V]
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