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This document describes the terms used in data sheets of Photocoupler and Photorelay as well
as measurement procedures for current transfer ratio, threshold input current, and trigger LED
current that are characteristic parameters specific to optical semiconductor devices.
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1.2 Transistor output

1.3 IC output

1.4 Photorelay (MOSFET output)

1.5 Photovoltaic output
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1.7 Thyristor output
2. Measurement procedure for current transfer ratio, Ic/Ig(CTR) - Transistor output
3. Measurement procedure for threshold input current, Igq (Iry) - IC output
4. Measurement procedure for trigger LED current, Igr

4.1 Triac output

4.2 Photorelay (MOSFET output)
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1. Terms
1.1 General terms
Term Symbol Description
. ) Maximum value that must not be exceeded even for an instant
Absolute Maximum Rating . .
during operation
Isolating voltage between input and output under the specified
Isolation Voltage BVs N d d P P P
conditions
Capacitance (Input to Output), . . . .
Electrostatic capacitance between the input and output pins
Total Capacitance (Input to Output) Cs : l pad W npu utput p!
Capacitance (Input), Cr Electrostatic capacitance between the anode and cathode pins
Input Capacitance Ct of the LED
Forward Current, I Rated current that can flow continuously in the forward direction of
Input Forward Current F the LED
Pulse Forward Current, I Rated current that can flow momentarily in the forward direction of
Input Forward Current (Pulsed) FP the LED
Rated current that can flow momentarily in the forward direction of
Peak Transient Forward Current IFpT urr W vt rwvara direct
the LED
Reverse Voltage, v Rated reverse voltage that can be applied across the LED’s
Input Reverse Voltage R cathode and anode
Reverse Current, I Leakage current flowing in the reverse direction of the LED (from
Input Reverse Current R cathode to anode)
Forward Voltage, Vv Voltage drop across the anode and cathode pins of the LED under
Input Forward Voltage F the specified forward-current condition
LED Power Dissipaiton, L .
Wer =l . Ip. I . Pp Rated power that can be dissipated in the LED
Input Power Dissipaiton
L Total rated power that can be dissipated in both the input and
Total Power Dissipaiton Pt .
output devices
Resistance between the input an tput pins at the specifie
Isolation Resistance Rs Ista betw Input and output pins a pecified
voltage
Junction Temperature Tj Permissible temperature of the junction of the photodetector or LED
. Ambient temperature range in which the device can operate without
Operating Temperature Topr . .
loss of functionality
. Rated temperature at which the device pins can be soldered without
Lead Soldering Temperature Tsol ) .
loss of functionality
Ambient temperature range in which the device can be stored
Storage Temperature Tstg . .
without operation
) Shortest distance along the surface of insulation between the path of
Creepage Distance ) -
two conductive parts (input and output)
. Shortest distance through air between the path of two conductive
Clearance(Clearance Distance) .
parts (input and output)
. . Distance through insulation. Shortest thickness through internal
Internal Isolation Thickness, . ) . -
) . insulation between the path of two conductive parts (input and
Insulation Thickness
output)
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1.2 Transistor output

Term Symbol Description
Collector Current Ic Rated current allowed to flow to collector
Ic/1
Current Transfer Ratio (g;) Ratio of output current, Ic, to input current, Ir: Ic/If x 100 (unit: %)
Collector Dark Current, I . .
CEO Leakage current flowing between collector and emitter
Dark Current IpARK
Leakage current flowing between collector and emitter when Low
OFF-state Collector Curreent Ic(off) 9 ) ) ) 9
voltage is applied to input
Current Gain Factor hre hrg for phototransistor
Photo-current generated by the specified input current, IF, in the
Base Photo-Current Ipg . g Y P P F
phototransistor base block
Collector Power Dissipation Pc Rated power that can be dissipated in collector
¢ Time required for the output waveform to change from 100% (0%)
Turn-On Time tON to 10% (90%) when the input is turned off and back on under the
on specified conditions
¢ Time required for the output waveform to change from 0% (100%)
OFF

Turn-Off Time N to 90% (10%) when the input is turned on and back off under the
off specified conditions

Time required for the output waveform to change from 0% (100%)
Storage Time ts to 10% (90%) when input is turned on and back off under the
specified conditions

Fall Time tf Time required for the output waveform to change from 90% to 10%
Rise Time tr Time required for the output waveform to change from 10% to 90%
Collector-Emitter Saturation V. Voltage between collector and emitter under the specified saturation
Voltage CE(sat) conditions

Collector-Base Breakdown Voltage | V(Br)cBo |Breakdown voltage between collector and base when emitter is open

Breakdown voltage between collector and emitter (when base is
open)

Collector-Emitter Breakdown Vv
Voltage (BR)CEO

Emitter-Base Breakdown Voltage V(BR)EBO |Breakdown voltage between emitter and base when collector is open

Emitter-Collector Breakdown vV Breakdown voltage between emitter and collector (when base is
Voltage (BR)ECO open)
Collector-Base Voltage VcBo Rated voltage that can be applied across collector and base
Collector-Emitter Voltage VceEo Rated voltage that can be applied across collector and emitter
Emitter-Base Voltage VEBO Rated voltage that can be applied across emitter and base
Emitter-Collector Voltage VECO Rated voltage which can be applied across emitter and collector
Capacitance (Collector to Emitter), . . . .

. ) Cce Electrostatic capacitance between the collector and emitter pins
Collector-Emitter Capacitance
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1.3 IC output

Term Symbol Description

Common-Mode Transient M Maximum tolerable rate of rise (fall) of input/output common-mode
Immunity at Output High H voltage at which the specified High level can be maintained
Common-Mode Transient M Maximum tolerable rate of rise (fall) of input/output common-mode
Immunity at Output Low L voltage at which the specified Low level can be maintained

I Currents ly to the circuit that flows to power s ly pins when the
High-Level Supply Current ccH it . UppRly . reu W POWET SUPPly pins W

IpDH output is at the High level

I Current supply to the circuit that flows to power supply pins when the
Low-Level Supply Current ceL ) i P PRy P

IppL output is at the Low level

Minimum input current, If, necessary to change the output from

Threshold Input Current IFHL (IFLR) inimum Input curr F Y 9 UtpUt I

High (Low) to Low (High) (*1)
Input Current Hysteresis IHys Difference between If H and Iy for a given device

Maximum input voltage, VF, necessary to hold the initial output
Threshold Input Voltage VFLH (VFHL) | High (Low), or to return the output from Low (High) to High (Low)
after the initial output changes from High (Low) to Low (High)

Current Transfer Ratio Io/1F Ratio of output current, Ip, to input current, If: Io/IF x 100 (unit: %)
High-Level Output Current IoH Output current under the specified High-level output voltage

Peak High-Level Output Current IoPH Peak output current under the specified High-level output voltage
Low-Level Output Current ToL Output current under the specified Low-level output voltage

Peak Low-Level Output Current IopL Peak output current under the specified Low-level output voltage
High-Level ShortCircuit Output Tosk Output.cur!'ent un.d.er the specified High-level output and

Current short-circuit conditions

Low-Level Short-Circuit Output TosL Output.cur!’ent un.d.er the specified Low-level output and

Current short-circuit conditions

tput volt th ified High-I | output t
High-Level Output Voltage Von Output voltage under the specified High-level output curren

condition

Output voltage under the specified Low-level output current
Low-Level Output Voltage VoL p. ) 9 P P

condition
Output Power Dissipation Po Rated power that can be dissipated in the output stage

Time required from when the input changes from the OFF (ON) state
Propagation Delay Time (H —» L) tPHL to the ON (OFF) state to when the output waveform changes from
the High level to specified Low level

Time required from when the input changes from the ON (OFF) state
Propagation Delay Time (L — H) tPLH to the OFF (ON) state to when the output waveform changes from
the Low level to the specified High level

Output Current Io Rated current that can flow to output pins
Peak Output Current Iop Rated peak current that can be applied between output pins
V
Supply Voltage VCC Rated voltage that can be applied to power supply pins
DD

Output Voltage Vo Rated voltage that can be applied to output pins

Threshold voltage at which the undervoltage lockout (UVLO
UVLO Threshold Voltage VuvLo L 9 g ( )

function is tripped
Three-State Enable Voltage VE Rated voltage that can be applied to the enable pin
High-Level Enable Voltage VEH Voltage at which the enable pin functions as the High level
Low-Level Enable Voltage VEL Voltage at which the enable pin functions as the Low level

(*1) I greater than the maximum IfFqL (IFLH) is required to ensure that the IC output transitions from High (Low) to
Low (High).
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1.4 Photorelay (MOSFET output)

Term

Symbol

Description

Trigger LED Current

Return LED Current

OFF-State Output Terminal Voltage

ON-State Current

ON-State Resistance

OFF-State Current
Load Current Limiting

Output Capacitance

Turn-ON Time

Turn-OFF Time

(Contact a)
IfT
(Contact b)
Irc
(Contact a)
Irc
(Contact b)
IFT

VoFF

Ton

Ron

IorF
ILim
Corr

(Contact a)
ton
(Contact b)
ton
(Contact a)
toFrF
(Contact b)
toFF

Minimum input current, If, necessary to turn on the output MOSFET
(*1)

Minimum input current, I, necessary to turn off the output MOSFET
(*1)

Maximum input current, If, necessary to return the output MOSFET
to the OFF state

Maximum input current, If, necessary to return the output MOSFET
to the ON state

Rated voltage that can be applied across the MOSFET’s output pins in
the OFF state

Rated current that can flow between the MOSFET's output pins in the
ON state

Resistance between the MOSFET's output pins under the specified
ON-state conditions

Leakage current flowing between the MOSFET’s output pins in the
OFF state

Output current range in which the current limiting function is tripped
Capacitance between the MOSFET's output pins (between the two
drains)

Time taken for the output waveform to change from 100% to 10%
after the LED current is turned on under the specified conditions
Time taken for the output waveform to change from 100% to 10%
after the LED current is turned off under the specified conditions
Time taken for the output waveform to change from 0% to 90% after
the LED current is turned off under the specified conditions

Time taken for the output waveform to change from 0% to 90% after
the LED current is turned on under the specified conditions

(*1) I greater than the maximum I (Irc) is required to ensure that the photorelay transitions from the OFF (ON) state

to the ON (OFF) state.

1.5 Photovoltaic output

Term Symbol Description

Forward Current, I Rated forward current that can be applied between anode and
Output Forward Current FD cathode of the output diode array
Reverse Voltage, v Rated reverse voltage that can be applied across anode and cathode
Output Reverse Voltage RD of the output diode array
Forward Voltage,

\Y, Forward voltage across the output’s anode and cathode
Output Forward Voltage FD 9 P
Reverse Current, ,

IrD Reverse leakage current between the output’s anode and cathode
Output Reverse Current

Output photovoltaic voltage generated by the specified input current,
Open Voltage Voc I utput p voltaic voltage gener Y pecified input curr
F

Short-Circuit Current Isc Output photo-current generated by the specified input current, I
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1.6 Triac output

Term Symbol Description
Trigger LED Current IFT Minimum input current, If, necessary to turn on the triac (*1)
Rated voltage that can be applied across T1 and T2 of the triac in the
OFF-State Output Terminal Voltage VDRM 9 PP
OFF state
Rated current that can flow between T1 and T2 of the triac in the
R.M.S ON-State Current I
© a urr T(RMS) ON state
Peak ON-State Current, Itp Rated peak repetitive pulse current that can flow between T1 and T2
ON-State Current (Pulsed) Ionp of the triac in the ON state
Rated peak non-repeatitive one-cycle current (commercial
Peak Non-Repetitive Surge Current Itsm frequency, sine half-wave) that can flow between T1 and T2 of the
triac in the ON state
Leakage current that flows between T1 and T2 of the triac in the
Peak OFF-State Current IprRM 9
OFF state
Peak ON-State Voltage V™M Voltage across T1 and T2 of the triac in the specified ON state
. Minimum current through T1 and T2 of the triac necessary to
Holding Current TH maintain the ON state after the triac turns on
Leakage in Inhibited State, I Leak current that flows between T1 and T2 of a zero-cross triac in the
Inhibit Current IH inhibit state in which a zero-crossing turn-on operation is inhibited
o Minimum voltage across T1 and T2 of a zero-cross triac at which a
Inhibit Voltage VIH zero-crossing turn-on operation is inhibited
Critical Rate of Rise of OFF-State dv/dt Maximum rate of rise of the T1-T2 voltage of the triac at which the
Voltage triac in the OFF state can maintain the OFF state
Critical Rate of Rise of
dv/dt (C Critical rate of rise of the OFF-state voltage during commutation
Commutating Voltage (dVv/dt) /de(©) 9 9

(*1) Ir greater than the maximum Igr is required to ensure that the triac output transitions from the OFF to the
ON state and vice versa.
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1.7 Thyristor output

Term Symbol Description
Trigger LED Current IFT Minimum input current, If, necessary to turn on the thyristor (*1)
Rated repeative forward voltage that can be applied across the
Peak Forward Voltage \Y
9 DRM thyristor’'s anode and cathode in the OFF state
Rated repeative reverse voltage that can be applied across the
Peak Reverse Voltage \Y
ver g RRM thyristor’'s anode and cathode
Rated gate reverse voltage that can be applied across the thyristor’s
Peak Reverse Gate Voltage Vem 9 9 PP 4
gate and cathode
Rated ON-state current that can flow between the thyristor’'s anode
N-State Current I
© a urr T(RMS) and cathode in the ON state
Rated peak repetitive pulse forward current that can flow between
Peak ON-State Current Itp P P P

the thyristor’s anode and cathode in the ON state

Rated peak non-repetitive one-cycle current (commercial frequency,
Peak One-Cycle Surge Current Itsm sine half-wave) that can flow between the thyrister’s anode and
cathode in the ON state

Leakage current that flows in the forward direction between the

OFF-State Current I
DRM thyristor’s anode and cathode in the OFF state

Leakage current that flows in the reverse direction between the
Reverse Current IRRM cr

thyristor’'s anode and cathode

Forward voltage across the thyristor’s anode and cathode in the
ON-State Voltage V™M . g y

specified ON-state

Minimum current through the thyristor’'s anode and cathode
Holding Current IH nimd urr roug yristor

necessary to maintain the ON state after the thyristor turns on

Maximum rate of rise in the voltage across the thyristor's anode and
dv/dt cathode at which the thyristor in the OFF state can maintain the
OFF state

Critical Rate of Rise of OFF-State
Voltage

Capacitance on electrodes between anode and gate or between gate

Capacit C
apacitance ] and cathode

(*1) Irgreater than the maximum Ig is required to ensure that the thyristor output transitions from the OFF state to
the ON state and vice versa.
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2. Measurement procedure for current transfer ratio, Ic/Ir (CTR)

- Transistor output
(1) Circuit diagram

Ir I
—_— «—
Vee
Al ! — Az
—_ A;,A,:ammeters

V :volt meter

G, G, G;:current source
G,:voltage source

Fig. 2.1 Circuit for the measurement of current transfer ratio, Ic/Ir (CTR) - Transistor output

(2) Measurement procedure
1. The current source, G;, is regulated to obtain the specified input current, I.
2. The voltage source, G,, is regulated to the specified Ve voltage.
3. The output current, I¢, is measured with the ammeter, A;.
4. The current transfer ratio is calculated using the equation Ic/ Igx 100 (%), where Ir and I¢
are the values obtained at Steps 1 and 3.

3. Measurement procedure for threshold input current, Iy (Ifn)

- IC output
(1) Circuit diagram

I Io A;,A,:ammeters
2 < V  :volt meter
Ve G4,G,:variable voltage
A4 Vo A, sources
G; :voltage source
¥z K \ R,,R,:current limiting
Ry =9 R, resistors
ND
Gl G G2 () G3

Fig. 2.2 Circuit for the measurement of threshold input current, Igq (Irn) - IC output
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(2) Measurement procedure

1. The specified supply voltage is applied to the Vcc power supply pin from the voltage source, Gs.
The input current, If, is held at zero. Voltage is applied to the output pin from the variable
voltage source, G;, through the limiting resistor, R,.

2. The input current, If, is gradually increased from zero with the variable voltage source, Gy,
while the output voltage, Vo, is monitored with the voltmeter, V.

3. Theinput current, I, is measured right after the output has switched from the High level (Low
level) to the Low level (High level) as prescribed by the specified output voltage (current)
condition.

4. The Ir value is defined as the threshold input current, Iey (Irn).

B
>

=

Lt

Output High | i Output High

Ir (Ir ) Max. specification Specified Value

ooy

i Input I drive design region

[ R,
{0 |
' Input I; drive design region

Output Voltage V, or Current I,
Output Voltage V, or Current I

'. Output Low Output Low : IFLH(I'}—HL) Max. specification
Specified Value ™ N—— - : Y -
Tem Input Current I: Iry Input Current fr
Fig. 2.3 Threshold input current, Iy (Iry) - IC output
4. Measurement procedure for trigger LED current, Igr
4.1 Traic output
(1) Circuit diagram
I I
[ <
Ty
A; (A Vi (A) A
~ CV A;,A,:ammeters
v - Vv :volt meter
Ry § § R, G,,G,:variable voltage
sources
— T2 — R;,R,:current limiting
G, A Z G, :
resistors

Fig. 2.4 Circuit for the measurement of trigger LED current I - Triac output
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(2) Measurement procedure

1. The input current, I, is held at zero. Voltage is applied across T; and T» from the variable
voltage source, G, through the limiting resistor, Rs.

2. The input current, I, is gradually increased from zero with the variable voltage source, Gy,
while the output voltage, V+, is monitored with the voltmeter, V.

3. The input current, Ig, is measured right after the output has switched from the OFF state to
the ON state as prescribed by the specified output voltage (current) condition.

4. The If value is defined as the trigger LED current, Igr.

L A
a Output OFF i
B i
= !
O
5 I+ Max. specification
= -
= i
[ ] f—
i : Input I; drive design region
S
Z . Output ON
= Specified Value ™ S———
(@] . >
Irr Input Current I

Fig. 2.5 Trigger LED current, I - Triac output

4.2 Photorelay (MOSFET output)
(1) Circuit diagram

I Ip
D,
Al A VD A A2
v s CV) A, As:ammeters
R § vy - § \Y :volt meter
1 R, G4,G;:variable voltage
) x sources
G4 /_L D, A G, R1,Rz:current limiting
resistors

Fig. 2.6 Circuit diagram for Trigger LED current Ig(Iec) - Photorelay(MOSFET output)

(2) Measurement procedure
1. The input current, I, is held at zero. Voltage is applied across D; to D, from the variable
voltage source, Gy, through the limiting resistor, R>
2. The input current, If, is gradually increased from zero with the variable voltage source, Gy,
while the output voltage, Vp, is monitored with the voltmeter, V.
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3. Theinput current, If, is measured right after the output has switched from the OFF state (ON
state) to the ON state (OFF state) as prescribed by the specified output current (Ip) condition.
4. The Ig value is defined as the trigger LED current, Irr(contact a) or (Iec(contact b)).
A contact a A contact b
i ; Output ON i Output ON ;
@ Specified Value i @ Specified Value I,(I.0) Max. specification
é | T[S [, 3 i .
= | ; drive desi i = 1
2 i i Input Ir drive design region a : Input I drive design region
g Specified | ! g ;
Output OFF Value i IH(IHI._) Max. specification . Output OFF
""""" | v - Specified Value™| ™ N— -
Ie I Input Current I Iy Lc Input Current I
Fig. 2.7 Trigger LED current, I (Igc) - Photorelay (MOSFET output)
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA".
Hardware, software and systems described in this document are collectively referred to as “Product”.

TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software
and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life,
bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including
the Product, or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest
versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and
application notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook"
and (b) the instructions for the application with which the Product will be used with or for. Customers are solely responsible for all
aspects of their own product design or applications, including but not limited to (a) determining the appropriateness of the use of
this Product in such design or applications; (b) evaluating and determining the applicability of any information contained in this
document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and (c)
validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS'
PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF
WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC
IMPACT ("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes,
without limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, medical equipment, equipment
used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions
or explosions, safety devices, elevators and escalators, devices related to electric power, and equipment used in finance-related
fields. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please
contact your TOSHIBA sales representative.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license
to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES
OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION
AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS
RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

GaAs (Gallium Arsenide) is used in Product. GaAs is harmful to humans if consumed or absorbed, whether in the form of dust or
vapor. Handle with care and do not break, cut, crush, grind, dissolve chemically or otherwise expose GaAs in Product.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and
the U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly
prohibited except in compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of
Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled
substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR
LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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