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1 Using Toshiba Semiconductors Safely

TOSHIBA is continually working to improve the quality and reliability of its products.
Nevertheless, semiconductor devices in general can malfunction or fail due to their inherent
electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when
utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for
the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent TOSHIBA products specifications. Also, please
keep in mind the precautions and conditions set forth in the “Handling Guide for Semiconductor
Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

The TOSHIBA products listed in this document are intended for usage in general electronics
applications (computer, personal equipment, office equipment, measuring equipment, industrial
robotics, domestic appliances, etc.). These TOSHIBA products are neither intended nor warranted
for usage in equipment that requires extraordinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended
Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control
instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA
products listed in this document shall be made at the customer’s own risk.

Datasheet.Live
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2 Safety Precautions

This section lists important precautions which users of semiconductor devices (and anyone else) should
observe in order to avoid injury and damage to property, and to ensure safe and correct use of devices.

Please be sure that you understand the meanings of the labels and the graphic symbol described below
before you move on to the detailed descriptions of the precautions.

[Explanation of labels]

Graphic symbol Meaning

Indicates an imminently hazardous situation which will result in death or
serious injury if you do not follow instructions.

Indicates a potentially hazardous situation which could result in death or
serious injury if you do not follow instructions.

Indicates a potentially hazardous situation which if not avoided, may result in
minor injury or moderate injury.

[Explanation of graphic symbol]

Graphic symbol Meaning

Indicates that caution is required (laser beam is dangerous to eyes).
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2.1 General Precautions regarding Semiconductor Devices

Do not use devices under conditions exceeding their absolute maximum ratings (e.g. current, voltage,
power dissipation or temperature).
This may cause the device to break down, degrade its performance, or cause it to catch fire or explode
resulting in injury.

Do not insert devices in the wrong orientation.
Make sure that the positive and negative terminals of power supplies are connected correctly. Otherwise
the rated maximum current or power dissipation may be exceeded and the device may break down or
undergo performance degradation, causing it to catch fire or explode and resulting in injury.

When power to a device is on, do not touch the device’s heat sink.
Heat sinks become hot, so you may burn your hand.

Do not touch the tips of device leads.
Because some types of device have leads with pointed tips, you may prick your finger.

When conducting any kind of evaluation, inspection or testing, be sure to connect the testing
equipment’s electrodes or probes to the pins of the device under test before powering it on.
Otherwise, you may receive an electric shock causing injury.

Before grounding an item of measuring equipment or a soldering iron, check that there is no electrical
leakage from it.
Electrical leakage may cause the device which you are testing or soldering to break down, or could give
you an electric shock.

Always wear protective glasses when cutting the leads of a device with clippers or a similar tool.
If you do not, small bits of metal flying off the cut ends may damage your eyes.
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2.2 Precautions Specific to Each Product Group

2.2.1 Optical semiconductor devices

When a visible semiconductor laser is operating, do not look directly into the laser beam or look
through the optical system.
This is highly likely to impair vision, and in the worst case may cause blindness.
If it is necessary to examine the laser apparatus, for example to inspect its optical characteristics,
always wear the appropriate type of laser protective glasses as stipulated by IEC standard IEC825-1.

Ensure that the current flowing in an LED device does not exceed the device’s maximum rated current.
This is particularly important for resin-packaged LED devices, as excessive current may cause the
package resin to blow up, scattering resin fragments and causing injury.

When testing the dielectric strength of a photocoupler, use testing equipment which can shut off the
supply voltage to the photocoupler. If you detect a leakage current of more than 100 µA, use the testing
equipment to shut off the photocoupler’s supply voltage; otherwise a large short-circuit current will flow
continuously, and the device may break down or burst into flames, resulting in fire or injury.

When incorporating a visible semiconductor laser into a design, use the device’s internal photodetector
or a separate photodetector to stabilize the laser’s radiant power so as to ensure that laser beams
exceeding the laser’s rated radiant power cannot be emitted.
If this stabilizing mechanism does not work and the rated radiant power is exceeded, the device may
break down or the excessively powerful laser beams may cause injury.

2.2.2 Power devices

Never touch a power device while it is powered on. Also, after turning off a power device, do not touch it
until it has thoroughly discharged all remaining electrical charge.
Touching a power device while it is powered on or still charged could cause a severe electric shock,
resulting in death or serious injury.

When conducting any kind of evaluation, inspection or testing, be sure to connect the testing
equipment’s electrodes or probes to the device under test before powering it on.
When you have finished, discharge any electrical charge remaining in the device.
Connecting the electrodes or probes of testing equipment to a device while it is powered on may result in
electric shock, causing injury.
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Do not use devices under conditions which exceed their absolute maximum ratings (current, voltage,
power dissipation, temperature etc.).
This may cause the device to break down, causing a large short-circuit current to flow, which may in turn
cause it to catch fire or explode, resulting in fire or injury.

Use a unit which can detect short-circuit currents and which will shut off the power supply if a short-
circuit occurs.
If the power supply is not shut off, a large short-circuit current will flow continuously, which may in turn
cause the device to catch fire or explode, resulting in fire or injury.

When designing a case for enclosing your system, consider how best to protect the user from shrapnel
in the event of the device catching fire or exploding.
Flying shrapnel can cause injury.

When conducting any kind of evaluation, inspection or testing, always use protective safety tools such as
a cover for the device. Otherwise you may sustain injury caused by the device catching fire or exploding.

Make sure that all metal casings in your design are grounded to earth.
Even in modules where a device’s electrodes and metal casing are insulated, capacitance in the module
may cause the electrostatic potential in the casing to rise.
Dielectric breakdown may cause a high voltage to be applied to the casing, causing electric shock and
injury to anyone touching it.

When designing the heat radiation and safety features of a system incorporating high-speed rectifiers,
remember to take the device’s forward and reverse losses into account.
The leakage current in these devices is greater than that in ordinary rectifiers; as a result, if a high-speed
rectifier is used in an extreme environment (e.g. at high temperature or high voltage), its reverse loss
may increase, causing thermal runaway to occur. This may in turn cause the device to explode and
scatter shrapnel, resulting in injury to the user.

A design should ensure that, except when the main circuit of the device is active, reverse bias is applied
to the device gate while electricity is conducted to control circuits, so that the main circuit will become
inactive.
Malfunction of the device may cause serious accidents or injuries.

When conducting any kind of evaluation, inspection or testing, either wear protective gloves or wait until
the device has cooled properly before handling it.
Devices become hot when they are operated. Even after the power has been turned off, the device will
retain residual heat which may cause a burn to anyone touching it.

2.2.3 Bipolar ICs (for use in automobiles)

If your design includes an inductive load such as a motor coil, incorporate diodes or similar devices into
the design to prevent negative current from flowing in.
The load current generated by powering the device on and off may cause it to function erratically or to
break down, which could in turn cause injury.

Ensure that the power supply to any device which incorporates protective functions is stable.
If the power supply is unstable, the device may operate erratically, preventing the protective functions
from working correctly. If protective functions fail, the device may break down causing injury to the user.
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3 General Safety Precautions and Usage Considerations

This section is designed to help you gain a better understanding of semiconductor devices, so as to
ensure the safety, quality and reliability of the devices which you incorporate into your designs.

3.1 From Incoming to Shipping

3.1.1 Electrostatic Discharge (ESD)

When handling individual devices (which are not yet mounted on a
printed circuit board), be sure that the environment is protected
against electrostatic electricity. Operators should wear anti-static
clothing, and containers and other objects which come into direct
contact with devices should be made of anti-static materials and
should be grounded to earth via an 0.5- to 1.0-MΩ protective
resistor.

Please follow the precautions described below; this is particularly important for devices
which are marked “Be careful of static.”.

3.1.1.1 Work environment

(1) When humidity in the working environment decreases, the human body and other
insulators can easily become charged with static electricity due to friction. Maintain
the recommended humidity of 40% to 60% in the work environment, while also taking
into account the fact that moisture-proof-packed products may absorb moisture after
unpacking.

(2) Be sure that all equipment, jigs and tools in the working area are grounded to earth.

(3) Place a conductive mat over the floor of the work area, or take other appropriate
measures, so that the floor surface is protected against static electricity and is
grounded to earth. The surface resistivity should be 104 to 108 Ω/sq and the resistance
between surface and ground, 7.5 × 105 to 108 Ω

(4) Cover the workbench surface also with a conductive mat (with a surface resistivity of
104 to
108 Ω/sq, for a resistance between surface and ground of 7.5 × 105 to 108 Ω) . The
purpose of this is to disperse static electricity on the surface (through resistive
components) and ground it to earth. Workbench surfaces must not be constructed of
low-resistance metallic materials that allow rapid static discharge when a charged
device touches them directly.

(5) Pay attention to the following points when using automatic equipment in your
workplace:

(a) When picking up ICs with a vacuum unit, use a conductive rubber fitting on the end of
the pick-up wand to protect against electrostatic charge.

(b) Minimize friction on IC package surfaces. If some rubbing is unavoidable due to the
device’s mechanical structure, minimize the friction plane or use material with a small
friction coefficient and low electrical resistance. Also, consider the use of an ionizer.

(c) In sections which come into contact with device lead terminals, use a material which
dissipates static electricity.
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(d) Ensure that no statically charged bodies (such as work clothes or the human body)
touch the devices.

(e) Make sure that sections of the tape carrier which come into contact with installation
devices or other electrical machinery are made of a low-resistance
material.

(f) Make sure that jigs and tools used in the assembly process do not touch
devices.

(g) In processes in which packages may retain an electrostatic charge, use an ionizer
to neutralize the ions.

(6) Make sure that CRT displays in the working area are protected against static charge,
for example by a VDT filter. As much as possible, avoid turning displays on and off.
Doing so can cause electrostatic induction in devices.

(7) Keep track of charged potential in the working area by taking periodic measurements.

(8) Ensure that work chairs are protected by an anti-static textile cover and are grounded
to the floor surface by a grounding chain. (Suggested resistance between the seat
surface and grounding chain is 7.5 × 105 to 1012Ω.)

(9) Install anti-static mats on storage shelf surfaces. (Suggested surface resistivity is 104 to
108 Ω/sq; suggested resistance between surface and ground is 7.5 × 105 to 108 Ω.)

(10) For transport and temporary storage of devices, use containers (boxes, jigs or bags)
that are made of anti-static materials or materials which dissipate electrostatic charge.

(11) Make sure that cart surfaces which come into contact with device packaging are made
of materials which will conduct static electricity, and verify that they are grounded to
the floor surface via a grounding chain.

(12) In any location where the level of static electricity is to be closely controlled, the
ground resistance level should be Class 3 or above. Use different ground wires for all
items of equipment which may come into physical contact with devices.

3.1.1.2 Operating environment

(1) Operators must wear anti-static clothing and
conductive shoes (or a leg or heel strap).

(2) Operators must wear a wrist strap grounded to earth
via a resistor of about 1 MΩ.

(3) Soldering irons must be grounded from iron tip to earth, and must be used only at low
voltages (6 V to 24 V).

(4) If the tweezers you use are likely to touch the device terminals, use anti-static tweezers
and in particular avoid metallic tweezers. If a charged device touches a low-resistance
tool, rapid discharge can occur. When using vacuum tweezers, attach a conductive
chucking pat to the tip, and connect it to a dedicated ground used especially for anti-
static purposes (suggested resistance value: 104 to 108 Ω).

(5) Do not place devices or their containers near sources of strong electrical fields (such
as above a CRT).

(6) When storing printed circuit boards which have devices mounted on them, use a board
container or bag that is protected against static charge. To avoid the occurrence of
static charge or discharge due to friction, keep the boards separate from one other and
do not stack them directly on top of one another.
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(7) Ensure, if possible, that any articles (such as clipboards) which are brought to any
location where the level of static electricity must be closely controlled are constructed
of anti-static materials.

(8) In cases where the human body comes into direct contact with a device, be sure to
wear anti-static finger covers or gloves (suggested resistance value: 108 Ω or less).

(9) Equipment safety covers installed near devices should have resistance ratings of 109 Ω
or less.

(10) If a wrist strap cannot be used for some reason, and there is a possibility of imparting
friction to devices, use an ionizer.

(11) The transport film used in TCP products is manufactured from materials in which
static charges tend to build up. When using these products, install an ionizer to prevent
the film from being charged with static electricity. Also, ensure that no static
electricity will be applied to the product’s copper foils by taking measures to prevent
static occuring in the peripheral equipment.

3.1.2 Vibration, Impact and Stress

Handle devices and packaging materials with care. To avoid
damage to devices, do not toss or drop packages. Ensure that
devices are not subjected to mechanical vibration or shock
during transportation. Ceramic package devices and devices in
canister-type packages which have empty space inside them
are subject to damage from vibration and shock because the
bonding wires are secured only at their ends.

Plastic molded devices, on the other hand, have a relatively high level of resistance to
vibration and mechanical shock because their bonding wires are enveloped and fixed in
resin. However, when any device or package type is installed in target equipment, it is to
some extent susceptible to wiring disconnections and other damage from vibration, shock
and stressed solder junctions. Therefore when devices are incorporated into the design of
equipment which will be subject to vibration, the structural design of the equipment must be
thought out carefully.

If a device is subjected to especially strong vibration, mechanical shock or stress, the
package or the chip itself may crack. In products such as CCDs which incorporate window
glass, this could cause surface flaws in the glass or cause the connection between the glass
and the ceramic to separate.

Furthermore, it is known that stress applied to a semiconductor device through the package
changes the resistance characteristics of the chip because of piezoelectric effects. In analog
circuit design attention must be paid to the problem of package stress as well as to the
dangers of vibration and shock as described above.

Vibration
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3.2 Storage

3.2.1 General Storage

(1) Avoid storage locations where devices will be exposed to moisture or direct sunlight.

(2) Follow the instructions printed on the device cartons
regarding transportation and storage.

(3) The storage area temperature should be kept within a
temperature range of 5°C to 35°C, and relative humidity
should be maintained at between 45% and 75%.

(4) Do not store devices in the presence of harmful
(especially corrosive) gases, or in dusty conditions.

(5) Use storage areas where there is minimal temperature
fluctuation. Rapid temperature changes can cause moisture to form on stored devices,
resulting in lead oxidation or corrosion. As a result, the solderability of the leads will be
degraded.

(6) When repacking devices, use anti-static containers.

(7) Do not allow external forces or loads to be applied to devices while they are in storage.

(8) If devices have been stored for more than two years, their electrical characteristics should be
tested and their leads should be tested for ease of soldering before they are used.

3.2.2 Moisture-Proof Packing

Moisture-proof packing should be handled with care. The handling
procedure specified for each packing type should be followed
scrupulously. If the proper procedures are not followed, the quality
and reliability of devices may be degraded. This section describes
general precautions for handling moisture-proof packing. Since the
details may differ from device to device, refer also to the relevant
individual datasheets or databook.

3.2.2.1 General precautions

Follow the instructions printed on the device cartons regarding transportation and
storage.

(1) Do not drop or toss device packing. The laminated aluminum material in it can be
rendered ineffective by rough handling.

(2) The storage area temperature should be kept within a temperature range of 5°C to
30°C, and relative humidity should be maintained at 90% (max). Use devices
within 12 months of the date marked on the package seal.

Humidity: Temperature:
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(3) If the 12-month storage period has expired, or if the 30% humidity indicator
shown in Figure  is pink when the packing is opened, it may be advisable,
depending on the device and packing type, to back the devices at high
temperature to remove any moisture. Please refer to the table below. After the
pack has been opened, use the devices in a 5°C to 30°C. 60% RH environment
and within the effective usage period listed on the moisture-proof package. If the
effective usage period has expired, or if the packing has been stored in a high-
humidity environment, bake the devices at high temperature.

Packing Moisture removal

Tray If the packing bears the “Heatproof” marking or indicates the maximum
temperature which it can withstand, bake at 125°C for 20 hours. (Some devices
require a different procedure.)

Tube Transfer devices to trays bearing the “Heatproof” marking or indicating the
temperature which they can withstand, or to aluminum tubes before baking at
125°C for 20 hours.

Tape Deviced packed on tape cannot be baked and must be used within the effective
usage period after unpacking, as specified on the packing.

(4) When baking devices, protect the devices from static electricity.

(5) Moisture indicators can detect the approximate humidity level at a standard
temperature of 25°C. 6-point indicators and 3-point indicators are currently in
use, but eventually all indicators will be 3-point indicators.
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Figure 5.3.1  Humidity indicator
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3.3 Design

Care must be exercised in the design of electronic equipment to achieve the desired reliability. It is
important not only to adhere to specifications concerning absolute maximum ratings and
recommended operating conditions, it is also important to consider the overall environment in which
equipment will be used, including factors such as the ambient temperature, transient noise and
voltage and current surges, as well as mounting conditions which affect device reliability. This
section describes some general precautions which you should observe when designing circuits and
when mounting devices on printed circuit boards.

For more detailed information about each product family, refer to the relevant individual technical
datasheets available from Toshiba.

3.3.1 Absolute Maximum Ratings

Do not use devices under conditions in which their absolute maximum ratings
(e.g. current, voltage, power dissipation or temperature) will be exceeded. A
device may break down or its performance may be degraded, causing it to catch
fire or explode resulting in injury to the user.

The absolute maximum ratings are rated values which must not be exceeded during
operation, even for an instant. Although absolute maximum
ratings differ from product to product, they essentially concern
the voltage and current at each pin, the allowable power
dissipation, and the junction and storage temperatures.

If the voltage or current on any pin exceeds the absolute
maximum rating, the device’s internal circuitry can become
degraded. In the worst case, heat generated in internal circuitry can fuse wiring or cause the
semiconductor chip to break down.

If storage or operating temperatures exceed rated values, the package seal can deteriorate or
the wires can become disconnected due to the differences between the thermal expansion
coefficients of the materials from which the device is constructed.

3.3.2 Recommended Operating Conditions

The recommended operating conditions for each device are those necessary to guarantee
that the device will operate as specified in the datasheet.
If greater reliability is required, derate the device’s absolute maximum ratings for voltage,
current, power and temperature before using it.

3.3.3 Derating

When incorporating a device into your design, reduce its rated absolute maximum voltage,
current, power dissipation and operating temperature in order to ensure high reliability.
Since derating differs from application to application, refer to the technical datasheets
available for the various devices used in your design.
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3.3.4 Unused Pins

If unused pins are left open, some devices can exhibit input instability problems, resulting in
malfunctions such as abrupt increase in current flow. Similarly, if the unused output pins on
a device are connected to the power supply pin, the ground pin or to other output pins, the
IC may malfunction or break down.

Since the details regarding the handling of unused pins differ from device to device and
from pin to pin, please follow the instructions given in the relevant individual datasheets or
databook.

CMOS logic IC inputs, for example, have extremely high impedance. If an input pin is left
open, it can easily pick up extraneous noise and become unstable. In this case, if the input
voltage level reaches an intermediate level, it is possible that both the P-channel and N-
channel transistors will be turned on, allowing unwanted supply current to flow. Therefore,

ensure that the unused input pins of a device are connected to the power supply (VCC) pin
or ground (GND) pin of the same device. For details of what to do with the pins of heat
sinks, refer to the relevant technical datasheet and databook.

3.3.5 Latch-up

Latch-up is an abnormal condition inherent in CMOS devices, in which VCC gets shorted to
ground. This happens when a parasitic PN-PN junction (thyristor structure) internal to the
CMOS chip is turned on, causing a large current of the order of several hundred mA or

more to flow between VCC and GND, eventually causing the device to break down.

Latch-up occurs when the input or output voltage exceeds the rated value, causing a large

current to flow in the internal chip, or when the voltage on the VCC (VDD) pin exceeds its
rated value, forcing the internal chip into a breakdown condition. Once the chip falls into
the latch-up state, even though the excess voltage may have been applied only for an instant,

the large current continues to flow between VCC (VDD) and GND (VSS). This causes the
device to heat up and, in extreme cases, to emit gas fumes as well. To avoid this problem,
observe the following precautions:

(1) Do not allow voltage levels on the input and output pins either to rise above Vcc (Vdd)

or to fall below GND (VSS). Also, follow any prescribed power-on sequence, so that
power is applied gradually or in steps rather than abruptly.

(2) Do not allow any abnormal noise signals to be applied to the device.

(3) Set the voltage levels of unused input pins to Vcc (VDD) or GND (VSS).

(4) Do not connect output pins to one another.

3.3.6 Input/Output Protection

Wired-AND configurations, in which outputs are connected together, cannot be used, since

this short-circuits the outputs. Outputs should, of course, never be connected to VCC (VDD)

or GND (VSS).

Furthermore, ICs with tri-state outputs can undergo performance degradation if a shorted
output current is allowed to flow for an extended period of time. Therefore, when designing
circuits, make sure that tri-state outputs will not be enabled simultaneously.
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3.3.7 Load Capacitance

Some devices display increased delay times if the load capacitance is large. Also, large
charging and discharging currents will flow in the device, causing noise. Furthermore, since
outputs are shorted for a relatively long time, wiring can become fused.

Consult the technical information for the device being used to determine the recommended
load capacitance.

3.3.8 Thermal Design

The failure rate of semiconductor devices is greatly increased as operating temperatures
increase. As shown in
Figure , the internal thermal stress on a device is the sum of the ambient temperature and the
temperature rise due to power dissipation in the device. Therefore, to achieve optimum
reliability, observe the following precautions concerning thermal design:

(1) Keep the ambient temperature (Ta) as low as possible.

(2) If the device’s dynamic power dissipation is relatively large, select the most
appropriate circuit board material, and consider the use of heat sinks or of forced air
cooling. Such measures will help lower the thermal resistance of the package.

(3) Derate the device’s absolute maximum ratings to minimize thermal stress from power
dissipation.
θja = θjc + θca

θja = (Tj–Ta) / P

θjc = (Tj–Tc) / P
θca = (Tc–Ta) / P
in which θja = thermal resistance between junction and surrounding air (°C/W)

θjc = thermal resistance between junction and package surface, or internal
thermal resistance (°C/W)

θca = thermal resistance between package surface and surrounding air, or
external thermal resistance (°C/W)

      Tj = junction temperature or chip temperature (°C)
Tc = package surface temperature or case temperature (°C)
Ta = ambient temperature (°C)
P = power dissipation (W)

Tc

θca

Ta

Tj

θjc

Figure 5.3.2  Thermal resistance of package
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3.3.9 Interfacing

When connecting inputs and outputs between devices, make sure input voltage (VIL/VIH)

and output voltage (VOL/VOH) levels are matched. Otherwise, the devices may malfunction.
When connecting devices operating at different supply voltages, such as in a dual-power-
supply system, be aware that erroneous power-on and power-off sequences can result in
device breakdown. For details of how to interface particular devices, consult the relevant
technical datasheets and databooks. If you have any questions or doubts about interfacing,
contact your nearest Toshiba office or distributor.

3.3.10 Decoupling

Spike currents generated during switching can cause VCC (VDD) and GND (VSS) voltage
levels to fluctuate, causing ringing in the output waveform or a delay in response speed.
(The power supply and GND wiring impedance is normally 50 Ω to 100 Ω.) For this reason,
the impedance of power supply lines with respect to high frequencies must be kept low.

This can be accomplished by using thick and short wiring for the VCC (VDD) and GND

(VSS) lines and by installing decoupling capacitors (of approximately 0.01 µF to 1 µF

capacitance) as high-frequency filters between VCC (VDD) and GND (VSS) at strategic
locations on the printed circuit board.

For low-frequency filtering, it is a good idea to install a 10- to 100-µF capacitor on the
printed circuit board (one capacitor will suffice). If the capacitance is excessively large,
however, (e.g. several thousand µF) latch-up can be a problem. Be sure to choose an
appropriate capacitance value.

An important point about wiring is that, in the case of high-speed logic ICs, noise is caused
mainly by reflection and crosstalk, or by the power supply impedance. Reflections cause
increased signal delay, ringing, overshoot and undershoot, thereby reducing the device’s
safety margins with respect to noise. To prevent reflections, reduce the wiring length by
increasing the device mounting density so as to lower the inductance (L) and capacitance
(C) in the wiring. Extreme care must be taken, however, when taking this corrective
measure, since it tends to cause crosstalk between the wires. In practice, there must be a
trade-off between these two factors.

3.3.11 External Noise

Printed circuit boards with long I/O or signal pattern
lines are vulnerable to induced noise or surges from
outside sources. Consequently, malfunctions or
breakdowns can result from overcurrent or
overvoltage, depending on the types of device used.
To protect against noise, lower the impedance of the
pattern line or insert a noise-canceling circuit.
Protective measures must also be taken against surges.

For details of the appropriate protective measures for a particular device, consult the
relevant databook.

Input/Output
Signals
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3.3.12 Electromagnetic Interference

Widespread use of electrical and electronic equipment in recent years has brought with it
radio and TV reception problems due to electromagnetic interference. To use the radio
spectrum effectively and to maintain radio communications quality, each country has
formulated regulations limiting the amount of electromagnetic interference which can be
generated by individual products.

Electromagnetic interference includes conduction noise propagated through power supply
and telephone lines, and noise from direct electromagnetic waves radiated by equipment.
Different measurement methods and corrective measures are used to assess and counteract
each specific type of noise.

Difficulties in controlling electromagnetic interference derive from the fact that there is no
method available which allows designers to calculate, at the design stage, the strength of the
electromagnetic waves which will emanate from each component in a piece of equipment.
For this reason, it is only after the prototype equipment has been completed that the
designer can take measurements using a dedicated instrument to determine the strength of
electromagnetic interference waves. Yet it is possible during system design to incorporate
some measures for the prevention of electromagnetic interference, which can facilitate
taking corrective measures once the design has been completed. These include installing
shields and noise filters, and increasing the thickness of the power supply wiring patterns on
the printed circuit board. One effective method, for example, is to devise several shielding
options during design, and then select the most suitable shielding method based on the
results of measurements taken after the prototype has been completed.

3.3.13 Peripheral Circuits

In most cases semiconductor devices are used with peripheral circuits and components. The
input and output signal voltages and currents in these circuits must be chosen to match the
Inappropriate voltages or currents applied to a device’s input pins may cause it to operate
erratically. Some devices semiconductor device’s specifications. The following factors must
be taken into account.

(1) contain pull-up or pull-down resistors. When designing your system, remember to take
the effect of this on the voltage and current levels into account.

(2) The output pins on a device have a predetermined external circuit drive capability. If
this drive capability is greater than that required, either incorporate a compensating
circuit into your design or carefully select suitable components for use in external
circuits.

3.3.14 Sefety Standards

Each country has safety standards which must be observed. These safety standards include
requirements for quality assurance systems and design of device insulation. Such
requirements must be fully taken into account to ensure that your design conforms to the
applicable safety standards.
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3.3.15 Other Precautions

(1) When designing a system, be sure to incorporate fail-safe and other appropriate
measures according to the intended purpose of your system. Also, be sure to debug
your system under actual board-mounted conditions.

(2) If a plastic-package device is placed in a strong electric field, surface leakage may
occur due to the charge-up phenomenon, resulting in device malfunction. In such cases
take appropriate measures to prevent this problem, for example by protecting the
package surface with a conductive shield.

(3) With some microcomputers and MOS memory devices, caution is required when
powering on or resetting the device. To ensure that your design does not violate device
specifications, consult the relevant databook for each constituent device.

(4) Ensure that no conductive material or object (such as a metal pin) can drop onto and
short the leads of a device mounted on a printed circuit board.

3.4 Inspection, Testing and Evaluation

3.4.1 Grounding

Ground all measuring instruments, jigs, tools and soldering irons to earth.
Electrical leakage may cause a device to break down or may result in electric
shock.

3.4.2 Inspection Sequence

Do not insert devices in the wrong orientation. Make sure that the positive and
negative electrodes of the power supply are correctly connected. Otherwise,
the rated maximum current or maximum power dissipation may be exceeded
and the device may break down or undergo performance degradation, causing
it to catch fire or explode, resulting in injury to the user.
When conducting any kind of evaluation, inspection or testing using AC power
with a peak voltage of 42.4 V or DC power exceeding 60 V, be sure to connect
the electrodes or probes of the testing equipment to the device under test
before powering it on. Connecting the electrodes or probes of testing
equipment to a device while it is powered on may result in electric shock,
causing injury.

(1) Apply voltage to the test jig only after inserting the device securely into it. When
applying or removing power, observe the relevant precautions, if any.

(2) Make sure that the voltage applied to the device is off before removing the device from
the test jig. Otherwise, the device may undergo performance degradation or be
destroyed.

(3) Make sure that no surge voltages from the measuring equipment are applied to the
device.

(4) The chips housed in tape carrier packages (TCPs) are bare chips and are therefore
exposed. During inspection take care not to crack the chip or cause any flaws in it.
Electrical contact may also cause a chip to become faulty. Therefore make sure that
nothing comes into electrical contact with the chip.
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3.5 Mounting

There are essentially two main types of semiconductor device package: lead insertion and surface
mount. During mounting on printed circuit boards, devices can become contaminated by flux or
damaged by thermal stress from the soldering process. With surface-mount devices in particular, the
most significant problem is thermal stress from solder reflow, when the entire package is subjected to
heat. This section describes a recommended temperature profile for each mounting method, as well as
general precautions which you should take when mounting devices on printed circuit boards. Note,
however, that even for devices with the same package type, the appropriate mounting method varies
according to the size of the chip and the size and shape of the lead frame. Therefore, please consult
the relevant technical datasheet and databook.

3.5.1 Lead Forming

Always wear protective glasses when cutting the leads of a device with
clippers or a similar tool. If you do not, small bits of metal flying off the cut
ends may damage your eyes.
Do not touch the tips of device leads. Because some types of device have
leads with pointed tips, you may prick your finger.

Semiconductor devices must undergo a process in which the leads are cut and formed before
the devices can be mounted on a printed circuit board. If undue stress is applied to the
interior of a device during this process, mechanical breakdown or performance degradation
can result. This is attributable primarily to differences between the stress on the device’s
external leads and the stress on the internal leads. If the relative difference is great enough,
the device’s internal leads, adhesive properties or sealant can be damaged. Observe these
precautions during the lead-forming process (this does not apply to surface-mount devices):

(1) Lead insertion hole intervals on the printed circuit board should match the lead pitch
of the device precisely.

(2) If lead insertion hole intervals on the printed circuit board do not precisely match the
lead pitch of the device, do not attempt to forcibly insert devices by pressing on them
or by pulling on their leads.

(3) For the minimum clearance specification between a device
and a printed circuit board, refer to the relevant device’s
datasheet and databook. If necessary, achieve the required
clearance by forming the device’s leads appropriately. Do
not use the spacers which are used to raise devices above
the surface of the printed circuit board during soldering to
achieve clearance. These spacers normally continue to expand due to heat, even after
the solder has begun to solidify; this applies severe stress to the device.

(4) Observe the following precautions when forming the leads of a device prior to
mounting.

(a) Use a tool or jig to secure the lead at its base (where the lead meets the device
package) while bending so as to avoid mechanical stress to the device. Also avoid
bending or stretching device leads repeatedly.

(b) Be careful not to damage the lead during lead forming.

(c) Follow any other precautions described in the individual datasheets and
databooks for each device and package type.
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3.5.2 Socket Mounting

(1) When socket mounting devices on a printed circuit board, use sockets which match the
inserted device’s package.

(2) Use sockets whose contacts have the appropriate contact pressure. If the contact
pressure is insufficient, the socket may not make a perfect contact when the device is
repeatedly inserted and removed; if the pressure is excessively high, the device leads
may be bent or damaged when they are inserted into or removed from the socket.

(3) When soldering sockets to the printed circuit board, use sockets whose construction
prevents flux from penetrating into the contacts or which allows flux to be completely
cleaned off.

(4) Make sure the coating agent applied to the printed circuit board for moisture-proofing
purposes does not stick to the socket contacts.

(5) If the device leads are severely bent by a socket as it is inserted or removed and you
wish to repair the leads so as to continue using the device, make sure that this lead
correction is only performed once. Do not use devices whose leads have been
corrected more than once.

(6) If the printed circuit board with the devices mounted on it will be subjected to
vibration from external sources, use sockets which have a strong contact pressure so as
to prevent the sockets and devices from vibrating relative to one another.

3.5.3 Soldering Temperature Profile

The soldering temperature and heating time vary from device to device. Therefore, when
specifying the mounting conditions, refer to the individual datasheets and databooks for the
devices used.

3.5.3.1 Using a soldering iron

Complete soldering within ten seconds for lead temperatures of up to 260°C, or within
three seconds for lead temperatures of up to 350°C.

3.5.3.2 Using medium infrared ray reflow

(1) Heating top and bottom with long or medium infrared rays is recommended (see
Figure 5.3.3).

 

Long infrared ray heater (preheating) 

Medium infrared ray heater 
(reflow) 

Product flow 

Figure 5.3.3  Heating top and bottom with long or medium infrared rays

(2) Complete the infrared ray reflow process within 30 seconds at a package surface
temperature of between 210°C and 240°C.
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(3) Refer to Figure 5.3.4 for an example of a good temperature profile for infrared or hot
air reflow.
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Figure 5.3.4  Sample temperature profile for infrared or hot air reflow

3.5.3.3 Using hot air reflow

(1) Complete hot air reflow within 30 seconds at a package surface temperature of
between 210°C and 240°C.

(2) For an example of a recommended temperature profile, refer to Figure 5.3.4 above.

3.5.3.4 Using solder flow

(1) Apply preheating for 60 to 120 seconds at a temperature of 150°C.

(2) For lead insertion-type packages, complete solder flow within 10 seconds with the
temperature at the stopper (or, if there is no stopper, at a location more than 1.5
mm from the body) which does not exceed 260°C.

(3) For surface-mount packages, complete soldering within 5 seconds at a temperature of
250°C or less in order to prevent thermal stress in the device.
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Table 5.3.1  Recommended methods for mounting for each discrete semiconductor packages

Mounting Method

Classifi-cation Package Name Solder Flow
Far and Middle
Infrared Reflow

Hot
Air Reflow

Soldering Iron

ESC C A A B
ESM C A A B
ESV C A A B
ES6 C A A B

TESC C A A B
TESM C A A B
SSC C A A B
SSM C A A B
TU6 C A A B
USM B A A B
USC B A A B
USV B A A B
USQ B A A B
US6 B A A B
US8 C A A B

S-Mini B A A B
SMC B A A B
SMV B A A B
SMQ B A A B
SM6 B A A B
SM8 B A A B
FM8 B A A B

Pw-Mini C A A B
Pw-X C A A B
MMX C B B B

Small-
signal

devices

ULP C B B B
Pw-Mini C A A B
SOP8 C A A B

TSSOP8 C A A B
SP C A A B
DP C A A B

Pw-Mold C A A B
TO-220SM C A A B

TFP C A A B

Power
devices

VS6 C A A B
DP C A A B

I-Flat B A A B
I-Flat2 B A A B

S-FLAT B A A B
M-FLAT B A A B
Pw-Mini C A A B
Pw-Mold C A A B

H-Flat B A A B
TO-220SM C A A B

Rectifier
devices

MR C A A B
MFC C B B B

DIP surface mounting type C B B B
SOP C B B B

Couplers

Half pitch MFC C B B B

A: Suitable B: Suitable once only C: Not suitable; other methods are recommended.

Note 1: For each mounting method, the table above shows whether or not it is suitable under Toshiba's
recommended mounting conditions.

Note 2: When mounting is to be performed a number of times only those methods marked  can be used. In
this case, mounting can be performed up to three times, with the interval between the first and third
mountings being less than two weeks.
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3.5.4 Flux Cleaning and Ultrasonic Cleaning

(1) When cleaning circuit boards to remove flux, make sure that no residual reactive ions
such as Na or Cl remain. Note that organic solvents react with water to generate
hydrogen chloride and other corrosive gases which can degrade device performance.

(2) Washing devices with water will not cause any problems. However, make sure that no
reactive ions such as sodium and chlorine are left as a residue. Also, be sure to dry
devices sufficiently after washing.

(3) Do not rub device markings with a brush or with your hand during cleaning or while
the devices are still wet from the cleaning agent. Doing so can rub off the markings.

(4) The dip cleaning, shower cleaning and steam cleaning processes all involve the
chemical action of a solvent. Use only recommended solvents for these cleaning
methods. When immersing devices in a solvent or steam bath, make sure that the
temperature of the liquid is 50°C or below, and that the circuit board is removed from
the bath within one minute.

(5) Ultrasonic cleaning should not be used with hermetically-sealed ceramic packages
such as a leadless chip carrier (LCC), pin grid array (PGA) or charge-coupled device
(CCD), because the bonding wires can become disconnected due to resonance during
the cleaning process. Even if a device package allows ultrasonic cleaning, limit the
duration of ultrasonic cleaning to as short a time as possible, since long hours of
ultrasonic cleaning degrade the adhesion between the mold resin and the frame
material. The following ultrasonic cleaning conditions are recommended:

 Frequency: 27 kHz ∼ 29 kHz

 Ultrasonic output power: 300 W or less (0.25 W/cm2 or less)

 Cleaning time: 30 seconds or less

Suspend the circuit board in the solvent bath during ultrasonic cleaning in such a way
that the ultrasonic vibrator does not come into direct contact with the circuit board or
the device.

Conventional cleaning solvents that contain from are not recommended due to the
danger that they pose to the earth’s ozone layer. Alternative products are available on
the market. Some alternative cleaning agents that do not contain from listed in Table
5.3.2.

Contact Toshiba or a Toshiba distributor regarding cleaning conditions and other
relevant information for each product type.

Table 5.3.2  Example of Alternative Cleaning Agents

Technocare FRW-1, FRW-17, FRV-100
from Toshiba
Corporation

Asahi Clean AK-225AES
from Asahi
Glass Co., Ltd.

Clean Through 750H
from Kao Co.,
Ltd.

Pine Alpha ST-100S, ST-100SX
from Arakawa
Chemical Co.,
Ltd.



[5]  Handling Precautions

5-22

3.5.5 No Cleaning

If analog devices or high-speed devices are used without being cleaned, flux residues may
cause minute amounts of leakage between pins. Similarly, dew condensation, which occurs
in environments containing residual chlorine when power to the device is on, may cause
between-lead leakage or migration. Therefore, Toshiba recommends that these devices be
cleaned.
However, if the flux used contains only a small amount of halogen (0.05W% or less), the
devices may be used without cleaning without any problems.

3.5.6 Mounting Tape Carrier Packages (TCPs)

(1) When tape carrier packages (TCPs) are mounted, measures must be taken to prevent
electrostatic breakdown of the devices.

(2) If devices are being picked up from tape, or outer lead bonding (OLB) mounting is
being carried out, consult the manufacturer of the insertion machine which is being
used, in order to establish the optimum mounting conditions in advance and to avoid
any possible hazards.

(3) The base film, which is made of polyimide, is hard and thin. Be careful not to cut or
scratch your hands or any objects while handling the tape.

(4) When punching tape, try not to scatter broken pieces of tape too much.

(5) Treat the extra film, reels and spacers left after punching as industrial waste, taking
care not to destroy or pollute the environment.

(6) Chips housed in tape carrier packages (TCPs) are bare chips and therefore have their
reverse side exposed. To ensure that the chip will not be cracked during mounting,
ensure that no mechanical shock is applied to the reverse side of the chip. Electrical
contact may also cause a chip to fail. Therefore, when mounting devices, make sure
that nothing comes into electrical contact with the reverse side of the chip.
If your design requires connecting the reverse side of the chip to the circuit board,
please consult Toshiba or a Toshiba distributor beforehand.

3.5.7 Mounting Chips

Devices delivered in chip form tend to degrade or break under external forces much more
easily than plastic-packaged devices. Therefore, caution is required when handling this type
of device.

(1) Mount devices in a properly prepared environment so that chip surfaces will not be
exposed to polluted ambient air or other polluted substances.

(2) When handling chips, be careful not to expose them to static electricity.
In particular, measures must be taken to prevent static damage during the mounting of
chips. With this in mind, Toshiba recommend mounting all peripheral parts first and
then mounting chips last (after all other components have been mounted).

(3) Make sure that PCBs (or any other kind of circuit board) on which chips are being
mounted do not have any chemical residues on them (such as the chemicals which
were used for etching the PCBs).

(4) When mounting chips on a board, use the method of assembly that is most suitable for
maintaining the appropriate electrical, thermal and mechanical properties of the
semiconductor devices used.

* For details of devices in chip form, refer to the relevant device’s individual datasheets.
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3.5.8 Circuit Board Coating

When devices are to be used in equipment requiring a high degree of reliability or in
extreme environments (where moisture, corrosive gas or dust is present), circuit boards may
be coated for protection. However, before doing so, you must carefully consider the possible
stress and contamination effects that may result and then choose the coating resin which
results in the minimum level of stress to the device.

3.5.9 Heat Sinks

(1) When attaching a heat sink to a device, be careful not to apply excessive force to the
device in the process.

(2) When attaching a device to a heat sink by fixing it at two or more locations, evenly
tighten all the screws in stages (i.e. do not fully tighten one screw while the rest are
still only loosely tightened). Finally, fully tighten all the screws up to the specified
torque.

(3) Drill holes for screws in the heat sink exactly as specified.
Smooth the surface by removing burrs and protrusions or
indentations which might interfere with the installation of any
part of the device.

(4) A coating of silicone compound can be applied between the heat
sink and the device to improve heat conductivity. Be sure to
apply the coating thinly and evenly; do not use too much. Also,
be sure to use a non-volatile compound, as volatile compounds can crack after a time,
causing the heat radiation properties of the heat sink to deteriorate.

(5) If the device is housed in a plastic package, use caution when selecting the type of
silicone compound to be applied between the heat sink and the device. With some
types, the base oil separates and penetrates the plastic package, significantly reducing
the useful life of the device.
Two recommended silicone compounds in which base oil separation is not a problem
are YG6260 from Toshiba Silicone.

(6) Heat-sink-equipped devices can become very hot during operation. Do not touch them,
or you may sustain a burn.

3.5.10 Tightening Torque

(1) Make sure the screws are tightened with fastening torques not exceeding the torque
values stipulated in individual datasheets and databooks for the devices used.

(2) Do not allow a power screwdriver (electrical or air-driven) to touch devices.

3.5.11 Repeated Device Mounting and Usage

Do not remount or re-use devices which fall into the categories listed below; these devices
may cause significant problems relating to performance and reliability.

(1) Devices which have been removed from the board after soldering

(2) Devices which have been inserted in the wrong orientation or which have had reverse
current applied

(3) Devices which have undergone lead forming more than once
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3.6 Protecting Devices in the Field

3.6.1 Temperature

Semiconductor devices are generally more sensitive to temperature than are other electronic
components. The various electrical characteristics of a semiconductor device are dependent
on the ambient temperature at which the device is used. It is therefore necessary to
understand the temperature characteristics of a device and to incorporate device derating
into circuit design. Note also that if a device is used above its maximum temperature rating,
device deterioration is more rapid and it will reach the end of its usable life sooner than
expected.

3.6.2 Humidity

Resin-molded devices are sometimes improperly sealed. When these devices are used for an
extended period of time in a high-humidity environment, moisture can penetrate into the
device and cause chip degradation or malfunction. Furthermore, when devices are mounted
on a regular printed circuit board, the impedance between wiring components can decrease
under high-humidity conditions. In systems which require a high signal-source impedance,
circuit board leakage or leakage between device lead pins can cause malfunctions. The
application of a moisture-proof treatment to the device surface should be considered in this
case. On the other hand, operation under low-humidity conditions can damage a device due
to the occurrence of electrostatic discharge. Unless damp-proofing measures have been
specifically taken, use devices only in environments with appropriate ambient moisture
levels (i.e. within a relative humidity range of 40% to 60%).

3.6.3 Corrosive gases

Corrosive gases can cause chemical reactions in devices, degrading device characteristics.
For example, sulphur-bearing corrosive gases emanating from rubber placed near a device
(accompanied by condensation under high-humidity conditions) can corrode a device’s
leads. The resulting chemical reaction between leads forms foreign particles which can
cause electrical leakage.

3.6.4 Radioactive and Cosmic Rays

Most industrial and consumer semiconductor devices are not designed with protection
against radioactive and cosmic rays. Devices used in aerospace equipment or in radioactive
environments must therefore be shielded.

3.6.5 Strong Electrical and Magnetic Fields

Devices exposed to strong magnetic fields can undergo a polarization phenomenon in their
plastic material, or within the chip, which gives rise to abnormal symptoms such as
impedance changes or increased leakage current. Failures have been reported in LSIs
mounted near malfunctioning deflection yokes in TV sets. In such cases the device’s
installation location must be changed or the device must be shielded against the electrical or
magnetic field. Shielding against magnetism is especially necessary for devices used in an
alternating magnetic field because of the electromotive forces generated in this type of
environment.
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3.6.6 Interference from Light (ultraviolet rays, sunlight, fluorescent lamps
and incandescent lamps)

Light striking a semiconductor device generates electromotive force due to photoelectric
effects. In some cases the device can malfunction. This is especially true for devices in
which the internal chip is exposed. When designing circuits, make sure that devices are
protected against incident light from external sources. This problem is not limited to optical
semiconductors and EPROMs. All types of device can be affected by light.

3.6.7 Dust and Oil

Just like corrosive gases, dust and oil can cause chemical reactions in devices, which will
adversely affect a device’s electrical characteristics. To avoid this problem, do not use
devices in dusty or oily environments. This is especially important for optical devices
because dust and oil can affect a device’s optical characteristics as well as its physical
integrity and the electrical performance factors mentioned above.

3.6.8 Fire

Semiconductor devices are combustible; they can emit smoke and catch fire if heated
sufficiently. When this happens, some devices may generate poisonous gases. Devices
should therefore never be used in close proximity to an open flame or a heat-generating
body, or near flammable or combustible materials.

3.7 Disposal of Devices and Packing Materials

When discarding unused devices and packing materials, follow all procedures specified by
local regulations in order to protect the environment against contamination.
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4 Precautions and Usage Considerations Specific to
Each Product Group

This section describes matters specific to each product group which need to be taken into consideration
when using devices. If the same item is described in Sections 3 and 4, the description in Section 4 takes
precedence.

4.1 Optical Semiconductor Devices

Handling precautions common to all optical semiconductor devices are described in Section 4.1.1.
Handling precautions for devices classified by product group are described in Sections 4.1.2 to 4.1.6.
When using this brochure, please be sure to read the precautions common to all devices in Section
4.1.1 and those specific to the types of device used in your design.

4.1.1 Precautions common to all optical semiconductor devices

4.1.2 Visible LEDs (LED lamps, LED displays, LED matrix modules)

4.1.3 Photosensors (infrared LEDs, photodetectors, photointerrupters, photoreflective 
sensors)

4.1.4 Photocouplers

4.1.5 Fiber-optic devices (TOSLINK®)

4.1.6 Visible semiconductor lasers

4.1.1 Precautions Common to All Optical Semiconductor Devices

4.1.1.1 Moisture-proof Packing

The method for removing moisture from the moisture-proof packing of optical
semiconductor devices differs from that used for the packing of other types of
semiconductor device due to differences in their respective package resin characteristics.
For more information regarding moisture removal, refer to the relevant individual datasheets
and databooks.

4.1.1.2 Design

(1) Derating
The life characteristics of optical semiconductor devices are closely associated with
the operating temperature, case temperature and operating humidity environment. This
requires that in addition to ordinary derating, the relationship between the fluctuation
and degradation rates for each of the device’s primary characteristics (e.g. luminous
intensity, radiant power and current conversion efficiency) and the operating and
environment conditions be fully taken into consideration at the design stage.

(2) Fail-safe implementation
If there is a possibility that failure in optical semiconductor devices, degradation of
characteristics (e.g. luminous intensity, radiant power, current conversion efficiency or
laser light output power) or functional abnormality will impair the safe operation of
the system, design a fail-safe measure in accordance with the system’s intended use.
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4.1.1.3 Inspection, testing and evaluation

(1) When inspecting devices, be sure to observe the specifications laid down in the
individual datasheets and databooks for the devices used. In particular, the reverse
voltage/reverse current characteristics differ between different types of light-emitting
material, so if current is forced to flow in the reverse polarity, the rate of failure in
device characteristics may be high.

4.1.1.4 Safety standards

The resin used in packages where light transmissivity is an important characteristic does not
meet the combustion resistance requirements set forth in the various established safety
standards. Because resin is not self-extinguishing, it not only generates poisonous gases but
can also catch fire itself. The possibility of risk to devices and their packaging material must
be taken into account when the ambient environment in which mounting will be performed
is specified.

4.1.1.5 Disposal precautions

For details of the precautions which must be taken when disposing of a particular device,
refer to the relevant databook for the device concerned.

4.1.2 Visible LEDs

4.1.2.1 Impact and vibration

(1) Matrix modules
If an excessive impact is applied to the packing, the relative positions of the display
and the drive substrate may shift. In such cases it will not be possible to mount the
device on the board properly.

4.1.2.2 Design

(1) Correct use
LED lamps are designed for display purposes. Using an LED lamp as a light source for
a photosensor is prohibited. If a light source for a photosensor is required, choose a
device designed specifically for that purpose.

(2) Heat radiation
For display systems configured using an array of visible LED devices, ensure that
sufficient heat radiation measures are incorporated. Partial unbalanced heat generation
must be taken into consideration, as this may reduce the luminous intensity of LED
devices due to their temperature dependency. A reduction in luminous intensity will
impair the device’s display quality. Moreover, it may give rise to differences in the
luminous intensity degradation characteristics between devices.

(3) Eyesight protection
The safety of visible LEDs as regards the eyesight of users prescribed in IEC825-1
applies to finished products, not to individual LED lamps. When the operating
conditions for LEDs and their external optical systems are specified, the safety of
finished products as well as individual LED lamps with respect to human eyesight
should be taken into account.
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(4) Chemical resistance
In the case of products in plastic packages in particular, unless the right chemical for
washing and wiping is selected, the plastic properties can change and optical
characteristics and reliability can be adversely affected. That is, when an inappropriate
chemical is used, chemical changes in the plastic can alter the optical characteristics of
the device, cause cracks in the plastic used in the package, and adversely affect the
reliability of the device. Therefore, when selecting a new chemical, first perform tests
or contact a Toshiba sales office.

(5) Lifetime
The lifetime of light-emitting devices is greatly affected by the operating conditions
and operating environment as well as by the particular lifetime characteristics of the
device. Therefore, when a light-emitting device is to be selected and the operating
conditions set, it is recommended that the lifetime condition be checked first.
If it is necessary to control the light output fluctuation rate, Toshiba suggest
constructing a system which operates using a control circuit based on a light output
monitor, or a system which can adjust the light output using an alarm display or
similar device.

(6) Usage restrictions
With GaAlAs LEDs a light-absorption layer forms on the LED surface when the
power is applied, reducing the light output. Since this tendency is particularly
pronounced in high-temperature, high-humidity environments, when using these
devices in this type of environment, be sure to perform adequate testing and checking
beforehand.

(7) Cleaning
Do not perform full-immersion cleaning on an LED display as this may result in cracks
in the casing.

4.1.2.3 Mounting

(1) Mounting LED lamps with radial taping
The leads of LEDs are made of relatively hard materials. Thus the life of blades which
are subjected to lead clinching and lead cutting could be significantly shortened if, for
example, an automatic mounter fails to coordinate properly the timing between lead
clinching and lead cutting for each lead. Adequate coordination and maintenance are
required so as not to reduce the lifetime of the blades.

(2) Stress on package-encapsulating resin
When an automatic mounter is used, it is recommended that devices which have
stoppers on their lead roots be used. If there is no stopper on the leads, the tensile
stress applied during lead clinching may cause excessive stress to the package’s
encapsulating resin, degrading the reliability of the package.

(3) Diameter of lead-insertion holes on PCBs
The diameter of lead-insertion holes on PCBs should not exceed the values
recommended by the manufacturer of the automatic mounter which is being used.
Setting the appropriate hole diameter will reduce stress on the package’s encapsulating
resin during lead clinching and prevent solder holes from forming.
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4.1.3 Photosensors

4.1.3.1 Design

(1) Correct use
Using a visible LED lamp as a light source for a photosensor is prohibited. If a light
source for a photosensor is required, choose a device designed specifically for that
purpose.

(2) Reliability design
The degradation of radiant power in LED devices is closely associated with the
device’s operating conditions, its package temperature and the level of humidity of the
environment in which it is operated. If the degradation of radiant power could
seriously degrade system safety, design a safety measure, such as a closed-loop control
for the radiant intensity using a radiant-intensity monitor, or some other similar fail-
safe measure.

(3) Dust and oil
If dust accumulates on, or oil sticks to the lens surfaces of a device, the device’s
optical characteristics will be affected, making it impossible to obtain the desired
radiant power or photodetection sensitivity. Also, this dust or oil may generate an
adverse chemical reaction with the device, in a similar manner to corrosive gas.

4.1.3.2 Mounting

(1) Lens cleaning and level shift
To prevent system malfunction due to the degradation of characteristics caused by
accumulated dust on the lens surfaces of light-emitting and photodetecting parts,
Toshiba recommend that dust be periodically cleaned off. After cleaning, check to see
that the photosensor operates normally and that no misalignment, such as a level shift,
has occurred.

4.1.4 Photocouplers

4.1.4.1 Design

(1) Dust and oil
Dust accumulating on, or oil sticking to devices causes a reduction in the device’s
dielectric strength between the input and the output. Also, this dust or oil may generate
an adverse chemical reaction with the device, in a similar manner to corrosive gas. If a
reduction in the input-to-output dielectric strength of a device or an increase in the
leakage current through its package could seriously degrade the system’s functionality,
countermeasures such as resin impregnation must be considered at the design stage.

(2) Observing the guaranteed operation range
The life characteristics of a light-emitting device are closely associated with the
device’s operating current and package temperature. Hence, in addition to ordinary
derating, the relationship between the fluctuation rate of the device’s coupling
characteristics (e.g. current conversion efficiency and trigger LED current) and the
operating current and operating temperature must be fully taken into consideration at
the design stage.

(3) Combustibility of package resin
The resin used in packages is V0 grade under UL-94 standards. Since this resin is
combustible, it may emit smoke or ignite if it is scorched or burned.
Therefore, do not use devices packaged in this material near articles that may burn,
generate heat or catch fire.
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4.1.4.2 Inspection, testing and evaluation

When testing the dielectric strength of a photocoupler, use testing equipment
which can shut off the supply voltage to the photocoupler. If you detect a
leakage current of more than 100 µA, use the testing equipment to shut off the
photocoupler’s supply voltage; otherwise a large short-circuit current will flow
continuously, and the device may break down or burst into flames, resulting in
fire or injury.

(1) Dielectric strength of a device between input and output

(a) Control standards and application limits
A device’s input-to-output insulation performance is stipulated and tested in
conformity with the criteria laid down in the American UL and German VDE
component standards. The stipulated insulation performance for devices states
that the performance retention time is 1 minute. Therefore, use of these devices in
applications designed to provide continuous high-voltage insulation for extended
periods of time is not recommended.

4.1.4.3 Mounting

(1) Resin impregnation

(a) Before applying resin impregnation, check that it will not affect the device.

(b) Before applying resin inpregnation, clean off dirt and impurities and dehumidify
the device adequately. To ascertain the correct treatment method for resin
impregnation, consult the resin manufacturer, informing them of the voltages
which are applied between the device’s input and output.

(2) Mounting

Do not perform SMD flow mounting (full immersion).

For information on flow-enabled products, please contact a Toshiba service center.

4.1.4.4 Usage environment

Light disruption (e.g. sunlight or strobe flash)
Strong light (e.g. sunlight, a strobe flash or a searchlight) impinging upon a photocoupler-
based system may cause it to operate erratically. Therefore, shield the device from light in a
suitable manner, according to the system’s intended use.

4.1.5 Fiber-Optic Devices (TOSLINK®)

4.1.5.1 Design

(1) External noise
To improve the noise resistance of an optical receive module (simplex type) or optical
transmit/receive module (duplex type) when mounting it on a circuit board, connect
the module’s package-fixing reinforcing pins to SIGNAL-GND. At the same time
make sure that the module’s package will not touch the power supply lines or any
other circuits.

(2) When using an optical transmit or receive module or an optical transmit/receive
module in a location that is prone to noise, test the device’s noise resistance under
actual operating conditions in advance and take the following corrective measures as
necessary:
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(a) If power supply ripples are large, increase the performance capability of the noise
filter connected to the power supply line.

(b) Protect the optical transmit or receive module or optical transmit/receive module
and the power supply filter with covers to enhance the shielding capability. At the
same time make sure that the module’s case does not touch the metal cover.

(3) Dust and oil
Devices are not dust-proof. When using a device in a location that is prone to dust or
in a location where oil may be splashed, incorporate some kind of dust-proofing cover
into the design which will protect everything: the optical transmit/receive module, the
connected optical fibers and all fiber-optic connectors.

(4) Vibration
When mounting optical modules in equipment which will be subject to vibration,
resonance or mechanical shock, incorporate a structural measure into the design to
alleviate the effects of these external phenomena. In particular, if a system
incorporating optical fibers (and fiber-optic connectors) is subjected to vibration or
mechanical shock, the optical module’s package-fixing reinforcing pins may be
sheared by inertial stress. Extreme care must be taken in this kind of situation.
Optical modules in ceramic packages are hollow and therefore require even more
protection from vibration, resonance and mechanical shock than resin-molded devices.

(5) Laying optical fiber cables
When laying optical fiber cables, bend them at six to 10 times the stipulated minimum
bending radius.

4.1.5.2 Inspection, testing and evaluation

(1) Optical receive module output pins
Do not connect the output pins directly to the power supply or GND. Otherwise a large
current may flow into the IC, causing it to break down.
If the output pins need to be pulled up or down, connect a resistor between the pin and
the power supply or ground. For an explanation of how to choose the resistance value,
refer to the relevant individual datasheets and databooks for the devices concerned.

4.1.5.3 Mounting

(1) Soldering
Since optical transmit/receive modules are optical components, do not use a soldering
method which will be adversely affected by flux to mount them on the board. Cleaning
of these devices is not recommended either. For this reason, when optical
transmit/receive modules are to be mounted along with other circuit components on a
printed circuit board, solder the other components, clean the board and then solder the
optical transmit/receive modules using a soldering iron.

4.1.5.4 Maintenance

(1) Protective caps
When an optical module is not in use, attach a protective cap to the socket of each
optical connector. Light (including external light) impinging on an optical module
which is not in use (in particular an optical receive module) may adversely affect other
circuits.

(2) Toshiba recommend that you stipulate in your system maintenance documentation that
the system’s combined fiber-optical output power be periodically checked.
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4.1.6 Visible Semiconductor Lasers

4.1.6.1 Design

When incorporating a visible semiconductor laser into a design, use the
device’s internal photodetector or a separate photodetector to stabilize the
laser’s radiant power so as to ensure that laser beams exceeding the laser’s
rated radiant power cannot be emitted.
If this stabilizing mechanism does not work and the rated radiant power is
exceeded, the device may break down or the excessively powerful laser beams
may cause injury.

(1) Heat radiation
Large amounts of heat emanate from the PN junctions of semiconductor lasers,
necessitating a certain level of heat radiation. Normally semiconductor lasers are
constructed in such a way that the heat generated is efficiently conducted to the flange
section of the package. Therefore, the requisite external heat sink in your design must
be in full contact with the flange section.

(2) Power supplies and external noise
Before a device is operated, check that the device’s absolute maximum ratings are not
exceeded due to spike currents generated when the power is turned on or off. If
chattering or overshoot is observed, incorporate a filter (e.g. an RC circuit) or a soft
start circuit into your design to eliminate this type of noise.
Moreover, if the input/output signal lines of the radiant power control component are
long, the radiant power ratings may be exceeded due to induced noise or surges from
external sources, causing the device to break down. For this reason, Toshiba
recommend carrying out noise simulation and implementing appropriate protective
measures based on the results.

(3) Laser beams
The laser beams emitted from a device are extremely dangerous if they impinge
directly upon human eyes. This is highly likely to impair vision, and in the worst case,
may cause blindness. Therefore, when designing equipment that incorporates laser
devices, include proper handling and safety precautions according to IEC standard
IEC60825-1 in the user’s manuals and in the instructions for workers who will be
involved in inspection, testing and adjustment of the equipment.

4.1.6.2 Inspection, testing and evaluation

When a visible semiconductor laser is operating, do not look directly into the
laser beam or look through the optical system.
This is highly likely to impair vision, and in the worst case, may cause blindness.
If it is necessary to examine the laser apparatus, for example, to inspect its
optical characteristics, always wear the appropriate type of laser protective
glasses according to IEC standard IEC825-1.
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4.1.6.3 Mounting

(1) When fitting a device to a heat sink, secure it by its flange. Do not fit a device in such
a way that the device’s cap will be nipped by the heat sink, as this will cause the
window glass to break. When fixing a device’s flange to the heat sink with screws, use
a fastening torque of approximately 0.8 N·m and evenly tighten all the screws in stages
(i.e. do not fully tighten one screw while the rest are still only loosely tightened).

(2) Device packages are hermetically sealed. Applying excessive stress to the lead-to-case
junctions and glass surfaces will cause the hermetic seal to degrade.

(3) Be careful not to scratch or stain the window glass. The device’s radiant power may
decrease or the far-field pattern may become deformed. Avoid wiping the glass surface
with cotton swabs etc. to remove accumulated dirt as this could cause damage to the
glass.

(4) Avoid cleaning devices. Not only does cleaning reduce the adhesive strength of the
window glass, it also causes the device’s radiant power to decrease or the far-field
pattern to become deformed due to impurities adhering to the window glass.

(5) Since it is an optical device, do not use flux. Also, it is better not to clean the device
after soldering.

4.2 Power Devices

4.2.1 Vibration and Impact

Use caution when handling devices and packing. Dropping devices or packing, or subjecting
them to impact, may cause devices to break down. Be especially careful not to subject
devices and packing to mechanical vibration or shock.
Some modules contain direct bond copper (DBC) ceramic boards. In addition, some high-
power device packages are made of ceramics. High-power devices are heavy; if they are
dropped, the ceramic may be damaged (i.e. it may crack).
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4.2.2 Design

Do not use devices under conditions in which their absolute maximum ratings
(e.g. current, voltage or safe operating area) will be exceeded.
If used under these conditions, a device may break down, causing a large
short-circuit current to flow, which may in turn cause it to catch fire or
explode, resulting in fire or injury.
Use a unit which can detect short-circuit currents and which will shut off the
power supply if a short-circuit occurs. If the power supply is not shut off, a
large short-circuit current will flow continuously, which may in turn cause the
device to catch fire or explode, resulting in fire or injury.
When designing a case for enclosing your system, consider how best to
protect the user from shrapnel in the event of the device catching fire or
exploding.
Flying shrapnel can cause injury.
Make sure that all metal casings in your design are grounded to earth.
Even in modules where a device’s electrodes and metal casing are insulated,
capacitance in the module may cause the electrostatic potential in the casing
to rise. Dielectric breakdown may cause a high voltage to be applied to the
casing, causing electric shock and injury to anyone touching it.
When designing the heat radiation and safety features of a system
incorporating high-speed rectifiers, remember to take the device’s forward
and reverse losses into account.
The leakage current in these devices is greater than that in ordinary
rectifiers; as a result, if a high-speed rectifier is used in an extreme
environment (e.g. at high temperature or high voltage), its reverse loss may
increase, causing thermal runaway to occur. This may in turn cause the
device to explode and scatter shrapnel, resulting in injury to the user.
A design should ensure that, except when the main circuit of the device is
active, reverse bias is applied to the device gate while electricity is conducted
to control circuits, so that the main circuit will become inactive. Malfunction of
the device may cause serious accidents or injuries.

4.2.2.1 Unused pins

If a device which consists of multiple circuits is used with its unused pins left open,
the device may operate erratically due to unstable inputs, or may break down due to a
sudden increase in electric current. Apply a negative voltage as specified to the unused
pins to ensure that they remain inactive. For details refer to the relevant datasheet and
databook for the device.

4.2.2.2 Latch-up

Some types of IGBT do not have sufficient tolerance against load shorting or
overcurrent, resulting in a fault condition known as latch-up. When choosing an IGBT,
check its intended use.
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4.2.3 Inspection, Testing and Evaluation

Never touch a power device while it is powered on. Also, after turning off a
power device, do not touch it until it has thoroughly discharged all remaining
electrical charge.
Touching a power device while it is powered on or still charged could cause
a severe electric shock, resulting in death or serious injury.
When conducting any kind of evaluation, inspection or testing, be sure to
connect the testing equipment’s electrodes or probes to the device under
test before powering it on. When you have finished, discharge any electrical
charge remaining in the device.
Connecting the electrodes or probes of testing equipment to a device while
it is powered on may result in electric shock, causing injury.

When conducting any kind of evaluation, inspection or testing, always use
protective safety tools such as a cover for the device.
A device may explode, catch fire or generate sparking between an electrode
and ground, resulting in injury to the user.
 Make sure that all metal casings in your design are grounded to earth.
Even in modules where a device’s electrodes and metal casing are
insulated, capacitance in the module may cause the electrostatic potential in
the casing to rise. Dielectric breakdown may cause a high voltage to be
applied to the casing, causing electric shock and injury to anyone touching
it.

When conducting any kind of evaluation, inspection or testing, either wear
protective gloves or wait until the device has cooled properly before handling it.
Devices become hot when they are operated. Even after the power has been
turned off, the device will retain residual heat which may cause a burn to
anyone touching it.

4.2.3.1 Inspection

For protection against static charges, the gate and emitter terminals of IGBT modules
are protected with conductive copper tape.  Do not use them as shorted gate and
emitter terminals for test purposes.

4.2.4 Mounting

Power devices are housed in various types of package, such as modules, lead-insertion
packages, surface-mount packages and flat-type packages. The signal pins and the method
of attaching the package to a heat sink (e.g. screwing, soldering or direct bond) are different
for each type of package. For the screwing and direct bond heat sink attachment methods,
there is a recommended tightening torque; in this case all the screws must be tightened
evenly (i.e. one screw should not be fully tightened while the rest are still only loosely
tightened). Similarly, soldering should be performed with caution so that no thermal stress
is applied to the device. To ensure that device reliability will not be impaired, devices must
be fitted so that they remain within stipulated torque and stress limits. For details of these
limits, refer to the relevant individual datasheets and databooks for the devices used.
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5 Reliability of Individual Device Types

5.1 Visible LED Lamp Reliability

5.1.1 Overview

(1) General characteristics

(1.1) Relation ship between luminous intensity and current

Figure 5.1.1 shows the relationship between luminous intensity and forward
current in light-emitting diodes (LEDs). Red light emission by GaP LEDs is via
Zn-0 pairs. Because the level of the radiative recombination center for red light
is deep and the probability of recombination is small, the radiative
recombination center reaches saturation at a relatively low current density.
Consequently, the luminous intensity of red GaP LEDs also reaches saturation at
a relatively low current density. On the other hand, green light emission by GaP
LEDs is characteristically proportional to the square of the current, since the
level of the radiative recombination center in this case is shallow.

Accordingly, green GaP LEDs are well suited to applications where high-level,
momentary luminous intensity is required, as in pulse operations. Red GaP LEDs
are effective in operations involving DC current, since the luminous power
conversion efficiency of DC at small currents is extremely high.

(1.2) Relation ship between luminous intensity and temperature

Because the radiative recombination probability of LEDs is temperature-
dependent, LED luminous intensity decreases as the temperature increases.
(Figure 5.1.2 shows the characteristic curve for GaP luminous intensity vs.
temperature.) It is therefore very important to provide good heat radiation in
pulse drive and package designs to counter any temperature rise in junctions due
to power dissipation.

(1.3) Current-voltage characteristics

The primary current-voltage characteristic of LEDs is the rectification property
exhibited by general diodes. The forward rise voltage, varying slightly according

to the material used in the device, is approximately Gap 1.8 V and GaAs1-xPx
1.6 V and 1.5 V ~ 1.8 V for InGaAlP. To achieve light emission, a supply
voltage greater than the forward rise voltage plus the voltage across the
operating junction (normally 0.3 to 0.5 V) is required.

Although the reverse breakdown voltage is approximately 10 V ~ 30 V, device
specifications generally stipulate leakage current at a reverse voltage of 4 V.
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(1.4) Response speed

The response speed of an LED is determined by the velocity at which carriers
are captured and dissociated by its radiative center. The rise time ranges from
approximately 50 ns to approximately 100 ns and is thus much faster than that
of an ordinary tungsten lamp. However, the rise time depends to a considerable
extent on the device structure and the construction material

Figure 5.1.1  Forward current vs. luminous intensity
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(2) LED Materials

Table 5.1.1 shows materials and characteristics of visible LED lamps.

Table 5.1.1  Materials and characteristics of various visible LED lamps

(Ta = 25°°°°C)

Material
Prohibited
Bandwidth

(eV)

Band
Structure

Light
Emission

Color

Peak Emission
Wavelength (nm)

(energy (eV) )

Luminous
Efficiency

(external quantum
efficiency) (%)

Manufacturing
Method

GaP: Zn - O/GaP Red 700 (1.77) 3

GaP: N/GaP
2.26 Indirect

Yellow-
green

565 (2.20) 0.3
Liquid epitaxy

GaP/GaP
Pure
green

555 (2.23) 0.1

GaAs0.35P0.65: N/GaP
GaAs0.25P0.75: N/GaP
GaAs0.15P0.85: N/GaP

2.09
2.13
2.18

Direct
Red

Orange
Yellow

635 (1.95)
610 (2.03)
585 (2.12)

0.3
0.3
0.3

Vapor epitaxy

In0.5 (Ga0.957Al0.043) 0.5

P/GaAs (DH)
In0.5 (Ga0.868Al0.132) 0.5

P/GaAs (DH)
In0.5 (Ga0.81Al0.19) 0.5

P/GaAs (DH)
In0.5 (Ga0.606Al0.394) 0.5

P/GaAs (DH)
In0.5 (Ga0.546Al0.454) 0.5

P/GaAs (DH)

1.92

2.03

2.10

2.16

2.21

Direct

Red

Orange

Yellow

Green

Pure
green

644 (1.92)

612 (2.03)

590 (2.10)

574 (2.16)

562 (2.21)

6

6

6

1.5

0.4

Metal organic
chemical vapor

deposition
(MOCVD)

The light emission wavelength can be change using various combinations of materials
and by changing crystal mixture ratio. Even for the same light emission color, the
brightness varies according to the material. GaAsP and GaP are being replaced by
InGaAlP because it can be used for light emission colors ranging from green to red and
because InGaAlP LED lamps exhibit ultra-high brightness.
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(3) LED Lamp Structure

(3.1) Shelly-Type LED Lamp

Figure 5.1.3 shows an example of the
structure of an LED lamp. The main
object emitting light is the center LED
pellet. In order that voltage can be
applied, the pellet is fixed to (mounted
on) the cathode lead pin using solder or
conductive paste. Between the pellet
and the anode lead is a gold filament
25µm to 30 µm in diameter held in
place by thermo-compression bonding.
In order that light can be obtained
efficiently, the light-emission diode
pellet is molded in a transparent resin
lens. Depending on the shape and
material of the lens, LED lamps with
different exterior shapes can be
created. In one example a colorless
transparent lens is used, the lens is
colored to the same color as the emitted
light, a light-scattering substance is
inserted into the lens, and the light-
emission area is increased to obtain soft
light. Figure 5.1.4 shows a typical LED
lamp lead frame. The lead for LED
chip mounting in Figure 5.1.4
corresponds to the cathode lead in
Figure 5.1.3, and the leading for
bonding in Figure 5.1.4 corresponds in
Figure 5.1.3.

 (3.2) SMD (Surface-Mount Device) Lamp

Figure 5.1.5 shows an example of the
structure of a surface-mount LED lamp
(SMD lamp). Cathode and anode
electrodes are mounted on the PCB, the
LED pellet is fixed to the electrodes,
and the area around the LED pellet is
sealed with transparent resin.

(4) Sealing resin

LED lamp packages consist of a lead frame on which the LED chip is mounted and a
lens sealed with resin (normally transparent epoxy).
There is a trade-off between resin properties and device reliability; however, there is
only a limited choice of resins.
Table 5.1.2 lists properties of the typical epoxy resin employed in high-intensity LED
lamps for outdoor use.
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Figure 5.1.3 Structure of an LED lamp
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Figure 5.1.4  LED lamp lead frame
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Figure 5.1.5  Basic structure of
SMD lamp
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Table 5.1.2  Typical properties of epoxy resin used in high-intensity outdoor LEDs

Parameter Performance

Light transmittance
(Visible Spectrum)

80% to 90%

Glass transition temperature (Tg) Approx. 140°C
Coefficient of linear expansion (α) Approx. 7 × 10−5 / °C
Elastic modulus of bending Approx. 2940 N/mm2

Moisture absorption at boiling point (24 hours) 0.1%

5.1.2 Usage Precautions

(1) Absolute maximum ratings

Absolute maximum ratings must not be exceeded under any circumstances.
In addition, there is no guarantee with any of the product types that operation can be
sustained when two or more ratings are at their maximum values simultaneously.
As a supplement to absolute maximum ratings, some product datasheets show ambient
temperature versus allowable forward current (or power dissipation) characteristics, as
exemplified in Figure 5.1.6.
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Figure 5.1.6  Relationship between ambient temperature and allowable forward current

(2) Outdoor use

The availability of high-brightness LEDs has resulted in their widespread use in
outdoor applications. Recently, however, the light emission levels of conventional
GaAlAs series LEDs have been found to deteriorate markedly under high-temperature
and high-humidity conditions. Thus, for outdoor applications, Toshiba recommends
the use of InGaAlP series LEDs, as these work well under high-temperature, high-
humidity conditions. Before using these LEDs, however, be sure to evaluate them
thoroughly in order to determine their suitability for the application at hand.

(3) Directional sensitivity

The lens of an LED is made of transparent resin and controls the directional sensitivity
of the emitted light. Generally the ideal device has wide of direction sensitivity range.
However, for a given LED the directional sensitivity is inversely proportional to the
luminous intensity.
Therefore, it is important to choose LEDs with the right level of directional sensitivity
according to the application.
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(4) Storage temperature

LEDs must be stored with in a specified temperature range because of the resin used in
the package. Light emission and directional sensitivity are important LED
characteristics. However in some cases, its storage temperature (max) does not match
to the actual application. When using LEDs, do not exceed the storage temperature.

Table 5.1.3 shows an example of absolute maximum ratings specification.

Table 5.1.3  Example of maximum rating specifications
(for TLGD240P, Ta = 25°°°°C)

Absolute Maximum Ratings

Parameter Symbol Rating Unit

DC forward current IF 40 mA

DC reverse voltage VR 4 V

Power dissipation PD 120 mW

Operating temperature Topr −30 to 85 °C

Storage temperature Tstg −40 to 100 °C

(5) LED lamp application circuits

Since the optical output of a light-emitting diode depends on the LED forward current
IF, a circuit for turning the optical output on and off can be implemented easily by
controlling the IF current. Typical DC, pulse and AC LED driver circuits, and
precautions that should be observed during design, are described below.

(5.1) DC LED drivers

VF

R

IF

VCC

R

VF VCC

VCC

Figure 5.1.7  DC driver circuit
for LED
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T r  

Figure 5.1.8  Constant-current
driver circuit for LED

Figure 5.1.7 shows a basic circuit for driving an LED
using a DC power supply. In this case, IF is expressed
as:

IF =  VCC − VF 

R 

VCC: supply voltage

VF: forward voltage of LED

IF: forward current flowing in LED

Figure 5.1.8 shows a circuit where non-linearity in VF

for the LED is compensated for by a transistor. In this
case, IF is expressed by as:

IF = 
VB - VBE

R3

VB: base voltage

VBE: base-to-emitter voltage

R3: emitter resistance

This circuit allows the temperature dependency of the
optical output to be minimized by the use of

appropriate VBE and VB settings.
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VCC

R

nVF

RVCC

Insufficient radiant output power can be boosted by
connecting a diode to another diode in series or in
parallel. In these cases, IF is expressed by the
following equations:

IF = 
VCC − nVF

R
 
(series connection)

IF = 
VCC − nVF

R  
(parallel connection)

Figure 5.1.9  Increasing the
radiant output
power

(5.2) AC LED drivers

Figure 5.1.10 shows a basic circuit for driving an LED at half wave using an AC
power supply.
In general, there are two drive methods, (a) and (b), as shown below. In both
cases, a protective diode prevents the LED from being subjected to a voltage
greater than its reverse breakdown voltage.
For (a), the protective diode must have a reverse voltage matched to the supply

voltage VCC. For (b), the protective diode reverse breakdown voltage is
approximately twice the forward voltage of the LED.

IF = 
R

VCC − VF − VD

IF = 
VCC − VF

R

VCC

VF

VD

IF

R

D

(a)

VCC

(b)

R

VF

Figure 5.1.10  AC driver
circuit

The value of R must be set in accordance with the supply voltage VCC. Also, R

must be set so that the LED forward current IF is suppressed to the rated value

when the supply voltage VCC is at its maximum.



[5]  Handling Precautions

5-43

(5.3) Pulse LED drivers

Converting an optical signal into pulse-modulated light using a pulse LED driver
offers the advantage in battery-powered devices of extending battery life by
reducing power consumption.

  (a) Pulse drive method

The pulse drive method uses a combination of TTL or CMOS logic ICs and
transistors.

 
 
 

 IF = R
VCC − VF − VOL

 

 

 

 

 

 IF = 
VCC − VF

R  

IF 

VCC 

(Lit when pulled low) 

R 

R 

VCC 

IF 

Designed for case where IF < IOL 
(Lit when driven high) 

Figure 5.1.11.1 IC-based driver
circuit

Figure 5.1.11 calls attention to the IOL characteristics of TTL and CMOS. To

satisfy the condition IF < IOL, these circuits do not allow a large current to flow.
To increase the drive current, it is necessary to use a buffer IC with large output
current capacity or to add an external transistor as shown in Figure 5.1.12.

IF = 
R

VCC − VF − VCE (sat)

IF = 
VCC − VF

R

(Lit when driven high)

R

(Lit when pulled low)

VCC

VCC

R

Figure 5.1.12 Driver circuit using
an IC and a buffer
transistor
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The TB62xx Series is comprised of a range of drivers with built-in shift registers
to drive LEDs at a constant current. Because the constant-current circuits are built
in, even if the LED-side power supply voltage fluctuates, there is little fluctuation
in the current and the brightness remains almost constant.

Since it is necessary to connect only one current-setting resistor to the IC, the
wiring is simplified.

Product Line-up
With Serial/Parallel Output Latch

Product No.
Number

of
Outputs

Vout (max) IOL (max) Package

TB62701AN 16 bits 30 V 50 mA/bit Shrink DIP24 (1.47 mm pitch)
SDIP24-P-300

TB62706AN 16 bits 18 V 90 mA/bit Shrink DIP24 (1.47 mm pitch)
SDIP24-P-300

TC62705BP 8 bits 18 V 90 mA/bit SSOP16 (1.0 mm)
SSOP16-P-225A

TB62705BF 8 bits 18 V 90 mA/bit SSOP24 (1.0 mm)
SSOP24-P-300

(5.4) Parallel connection

When parallel connection is required, please insert a resistor for each LED so that
the same current flows to each LED, as shown in Figure 5.1.13.

(Right)(Wrong)

VCC
RVCC

Figure 5.1.13  Parallel connection

(5.5) Allowable pulse-forward current for LED lamps

When the LED lamp is driven with a periodic square-wave pulse like the one
shown below, the allowable pulse-forward current IFP is as shown in Table 5.1.4.
Note, however, that the allowable value varies with drive conditions (e.g. pulse
width and duty ratio). To obtain the correct value, refer to the characteristic
diagrams below.
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 Applied pulse 

IFP: allowable pulse-forward current 

PW: pulse width 

T: period 

DR: duty ratio (= 
PW

T  
) 

If the ambient temperature (Ta) exceeds 25°C, IFP must be derated according to
Ta (as shown in Figure ).
For any device, use the examples below to find the derating curve for the

permissible pulse forward current (IFP-Ta) from the IF-Ta graph, as shown in the
specific product’s datasheets.
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Table 5.1.4  Allowable pulse-forward current rating (Ta = 25°°°°C) 

Type 

DC forward 
current IF (max) 

(mA) 

Allowable forward 
pulse current IFP (max) 

(see Note 2) 
(ma) 

Characteristics 
diagram 
number 

GaP (red) 20  1 
TLRxxx type 25  2 

 40 160 3 
Colors and types other than 50 200 4 

the above (see Note 1) 25  5 
 30  6 

Note 1: When turning on both colors of a two-color LED simultaneously, treat this figure  
as the total rating. 

Note 2: Pulse width PW = 100 µs, duty ratio DR = 10−1. 
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(6) Precautions when mounting LEDs

Optical semiconductors are normally mounted on printed circuit boards (PCBs). The
following describes recommended methods for mounting each type of device and
several precautions that should be observed.

(6.1) Soldering conditions

Unless otherwise specified in technical data, perform soldering work under the
following conditions:

Device 
type 

Soldering 
type 

Conditions Precautions 

Solder dip 
Soldering temperature: 260°C or less 
Immersion time:Within 3 s 
Location: At least 2 mm from device body  

Lead 
type 

Manual 
soldering 
(using 
soldering 
iron) 

Temperature at tip300°C or less 
Power rating of soldering iron: 30 W or 
less 
Time limit: Complete soldering within 3 s. 
Location: At least 2 mm from device body 

• Be careful not to subject the device to any mechanical stress 
while the device’s temperature is rising. 

• Ensure that no sideways pressure is applied between the lead 
wires during soldering, and take precautions to prevent the 
device temperature from rising (above the temperature of the 
lead bases). 

• Toshiba recommends using needle-nose pliers or forceps to grip 
the lead wires so as to alleviate any mechanical stress. 

Note: Use a 30W or less soldering iron rated for, and adjust the supply voltage so

that the temperature at the tip is below 300°C.

Meeting these conditions prevents most problems, such as diminished LED
illumination, open or short failures and mold breakage due to solder heat.
If one or more of these conditions cannot be met, for reasons of available space or
proximity to other components, then be careful during soldering not to apply
stress or excess heat to leads.

(6.2) Precautions for each device type

  (a) φ3 plastic stem

Devices of this type, such as the TLR102A, have a lead-to-lead distance of only
0.9 mm. When mounting on a standard PCB with a 2.54 mm pitch, make sure the
devices are positioned such that, when solder is applied, the solder point on each
lead is at least 2 mm from the device package.
Do not force devices into contact with the board when mounting. Even with a
perfectly matched PCB pitch and device pitch, leave at least a 1-mm gap between
the bottom of the device and the PCB. With a through-hole board, the device must
sit 2 mm or more above the board surface.

(Wrong)(Wrong) (Right) (Right) (Right)

0.9 mm
≥ 1.6 mm

≥ 1 mm≥ 2 mm≥ 2 mm< 2 mm< 2 mm
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  (b) Subminiature

There are two methods for mounting double-ended subminiature devices like the
TLR121. (Note that this cannot be done with devices which stand above the PCB
when mounted.) In one method, mounting is carried out from the PCB top surface
as shown in Figure . In the other, subminiature devices are mounted from the PCB
bottom side (see Figure ).

In the first method, providing a cavity on the PCB that accepts the plastic base of
the device is recommended. This keeps the device oriented properly and firmly.
However, the device must not be forced into the hole and no undue mechanical
stress should be applied (see Figure ).

Subminiature devices are very small, therefore resin temperature can increase
rapidly during soldering. To prevent this, when soldering grasp the lead with
tweezers or some other similar tool to radiate heat away from the lead and
package.

Bushing

≥ 2.54 mm ≥ 2.54 mm

(Right)

Figure 5.1.14

 ≥ 2 mm

Spacers

Figure 5.1.15

(Wrong)

Figure 5.1.16

Precautions when mounting
Do not apply stress to the resin part at high temperature. As the resin is easily
scratched, avoid friction with any hard materials. When installing an assembly
board in equipment, ensure that this product does not come into contact with
other components.
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  (c) SMD Lamps

Soldering method
  Recommended soldering conditions
    Temperature profile (reflow)

 
240°C max/10 s max 

4°C/s max 

140-160°C/120s 
max 

Time 

Package 
Surface 
Temp. 

210°C/30s 
max 

Figure 5.1.17

(*) For recommended soldering conditions please refer to each technical
datasheet.

 (7) Handling precautions

(7.1) Wear resistance

The plastic used in molded LED devices is of relatively low hardness since clarity
of the lens is required. Friction from metal or even a fingernail can leave
scratches. Normal handling should present no problems, however.

(7.2) Heat resistance

The plastic parts of a device can become discolored if subjected to heat for an
extended period of time. Do not expose devices to temperatures higher than the
rated storage temperature.

(7.3) Mechanical stress to leads

If leads are subjected to stress during soldering, or if tensile, torsional or
compressive stress is applied to hot leads immediately after soldering, opens can
occur inside the device. Be sure to let the leads cool before altering their position
or direction.
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(7.4) About lead forming

(a) Standalone devices ........... Use pliers to grasp the lead near the package
base while bending the lead, so as not to impose
stress at the point where the lead connects to
the package. Ensure that the lead bend starts at
least 2 mm from the package base.

(b) Double-ended devices....... If the lead is tapered, bend it at the point at
which it starts to taper.
If the lead is not tapered, bend it at a point at
least 2 mm from where the lead joins the
package.

(Example)

Pliers

(7.5) Moisture-proof packing

After unpacking the SMD lamps, which are packed in a moisture-proof package
(an aluminum envelope), use the devices within the certain period of time
specified in the individual datasheets.

(7.6) Cleaning LED display

Do not clean the whole LED display. It could cause cracks in its case.
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5.1.3 Reliability Characteristics

(1) Test data for typical product types

Various reliability tests are described below, using the TLRH180P as an example.

Table 5.1.5  LED (TLRH180P) reliability test data

1. Table of Test Conditions 

1-1 Thermal Environment Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Soldering heat 
EIAJ ED-4701 

A-132 
Tsol = 260°C, 10 s, once 

Immersed to within  

2.0 mm of the base 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−40°C (30 min)~25°C (5 min) 

~120°C (30min)~25 °C (5 min) 
100 cycles 

Thermal shock 
EIAJ ED-4701 

B-141 
0°C (5 min)~100°C (5 min) 50 cycles 

Moisture 

resistance 

EIAJ ED-4701 

B-132 
25°C~65°C~−10°C, 90%~98% RH, 24 h/cycle 10 cycles 

1-2 Mechanical Environment Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

 4 times each in 3 directions 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

14,700 m/s2, 0.5 ms 

 3 times each in 4 directions 
 

Constant 

acceleration 

EIAJ ED-4701 

A-123 

196,000 m/s2, 1 min 

 once each in 6 directions 
 

Solderability 

EIAJ 

ED-4701-2 

A-131A 

230°C, once in 5 s 
95% or more 

(using flux) 

Lead integrity 
EIAJ ED-4701 

A-111 

Load 2.5 N 

0° to 90°~0° bent 3 times 

No separation or 

breakage allowed 

1-3 Life time Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Steady-state 

operation 

EIAJ ED-4701 

D-511 
IF = 50 mA, Ta = 25°C 1,000 hours 

High-temperature 

storage 

EIAJ ED-4701 

B-111 
Ta = 120°C 1,000 hours 

High-temperature 

and High-humidity 

storage 

EIAJ ED-4701 

B-121 
Ta = 60°C, RH = 90% 1,000 hours 

 



[5]  Handling Precautions

5-52

2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measuring Conditions Minimum Criteria Maximum Criteria

Forward voltage VF IF = 20 mA  USL × 1.2

Reverse current IR VR = 4 V  USL × 2

Luminous intensity IV IF = 20 mA LSL × 0.5 

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Termal Environment Tests and Mechanical Environmental Tests · Others

Test
No. of

Samples

No. of

Failures
Test Item

No. of

Samples

No. of

Failures

Soldering heat 32 0 / 32 Vibration 11 0 / 11

Temperature

cycling
50 0 / 50 Mechanical shock 11 0 / 11

Thermal shock 32 0 / 32
Constant

acceleration
11 0 / 11

Moisture

resistance
32 0 / 32 Solderability 11 0 / 11

Lead integrity 11 0 / 11

3-2 Lifetime Tests

Test Item
No. of

Samples
168 h 500 h 1000 h Remarks

Steady-state

operation
30 0 / 30 0 / 30 0 / 30

High-temperature

storage
30 0 / 30 0 / 30 0 / 30

High-temperature

and high-humidity

storage

30 0 / 30 0 / 30 0 / 30
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(2) Change in characteristics with the passage of time
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Figure5.1.19  Change in characteristics of TLRH180P

(3) Optical output degradation mechanism

LEDs have an inherent mechanism whereby the optical output power degrades
gradually as the LED conducts current. Although details of the mechanism are not
fully known, it is believed that phonon emission (lattice vibration) caused by non-
radiative recombination of electrons and holes near a junction facilitates dislocation in
the crystal and movement of minute dislocation loops. Acceleration of this movement
causes non-radiative recombination to increase, resulting in a reduction in the amount
of emitted light. Several other mechanisms are also involved and can be summarized
as follows:

(3.1)Quick degradation in several tens to several hundreds of hours:

This does not occur in properly controlled lots.

(a) Crystalline degradation: A large defect, such as continuous dislocation
extending from the substrate, can cause a rapid
degradation due to the above-mentioned
mechanism. The electroluminescence (EL)
image shows up as a DLD (dark line defect) or
DRD (dark region defect).

(b) Degradation by heavy
metal contamination: This occurs in heavy metals such as Cu.

Reduction of the junction barrier by forward
biasing causes heavy metal to diffuse around the
junction, forming a deep energy level. This
results in increased non-radiative recombination
which causes rapid degradation of the LED.
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(3.2)Slow degradation in several hundreds to several thousands of hours:

This can occur even in properly controlled lots.

(a) Crystalline degradation: A small defect or dislocation grows gradually
larger due to the above-mentioned mechanism.
Since this results in uniform degradation, the EL
image looks dark overall, with neither DLDs nor
DRDs being observable.

(b) Stress-induced degradation:
Conduction at low temperature results in gradual
degradation due to the above-mentioned
mechanism plus stress in the plastic resin. DRDs
etc. can be observed in the EL image; in
addition, the crystal slide plane can be observed
in the cathode-luminescence (CL) image.
Coupler LED chips are structurally immune to
resin stress because they are covered with a
silicone resin. Consequently, no stress
degradation has been found in this type of
device.

(c) Using GaAlAs LEDs in a
high-temperature, high-
humidity environment: Applying power to GaAlAs series LEDs in high-

temperature, high-humidity environments (e.g.
60°C, 90%) creates an aluminum oxide film on
the LED chip surface; the formation of this light-
absorbing layer decreases the optical output
efficiency. To avoid large reductions in
performance, do not use these devices under
high-temperature or high-humidity conditions.
In GaAlP series LEDs are known for their high
reliability compared to other LED devices and
they exhibit excellent characteristics. Therefore,
we highly recommend In GaAlP series LEDs,
particularly   in high-temperature, high-humidity
environments.
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5.2 Photosensor Reliability

5.2.1 Overview

(1) Infrared LED characteristics

LEDs feature compact size, long life, fast response and high-efficiency light emission
capability. Infrared LEDs are in wide use because their spectral emission is closely
matched to that of photodiodes and phototransistors. Figure 5.2.1 shows the emission
wavelength of an LED and the receiving wavelength of an Si photodiode (TPS708).
New products developed, such as the TLN200 series GaAlAs infrared LED, show
significant improvement in emission distance.

Photodiodes and phototransistors generally operate in the 400 ∼ 1100 nm wavelength
spectrum. Visible LEDs other than the GaAs type, such as those of the GaP and
GaAsP types, are capable of activating and producing signal output in phototransistors.
However, their optical power is small and you should use them with caution.

Figure 5.2.2 shows radiant intensity (IE) versus forward current (IF) in the TLN108

and TLN201. You can see that the radiant intensity becomes large as IF increases.
(Radiant intensity, the radiant power emanating from a source per unit solid angle in a
particular direction, is used here as a truer representation of radiant power under actual

LED usage conditions, in stead for total radiant power PO.)

Figure 5.2.3 shows the radiation pattern characteristics of the TLN108 and TLN103A.
In devices with a narrow radiation pattern, like the TLN108, the on-axis radiant

intensity IE is large, producing a large output signal in the detector device. However,
an axial tilt of only 10° will decrease the radiant intensity at 40%, with a resultant
reduction in the detector output. You should therefore guard against misalignment
problems when mounting these types of device.

With devices that emit light in a wide radiation pattern, such as the TLN103A, even a
large axial tilt will not significantly change the detector output. However, even though

total radiant power PO equals that of the TLN108, the radiant intensity IE is smaller,
resulting in a smaller output from the detector.
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Figure 5.2.3  Radiation pattern characteristics of the TLN103A and TLN108

(2) Phototransistor (photodiode) characteristics

A phototransistor can be thought of as a photodiode plus a transistor. They come in
two types: single and darlington.

Figure 5.2.4 shows light-induced current IL (collector current IC) and irradiance E. As

E increases (becomes brighter), so does IL. The TPS605, which is of the darlington
type, produces a larger collector current than the TPS606, which is of the single type.

Even when not illuminated, phototransistors exhibit a very small “dark current” ID.

Figure 5.2.5 shows the temperature characteristics for ID. The dark current increases
logarithmically as the temperature rises. This increase is greater in the TPS605
because its photosensitivity is greater than that of the other device. Therefore, when
designing circuits for high-temperature applications, make sure that the dark-current-

to-light-current ratio, IL (i.e. the S/N ratio), is sufficiently large.

Phototransistor radiation patterns are such that, as illustrated in Figure 5.2.3, the
TPS601A with its narrow pattern (and the same package as the TLN108) has a larger

on-axis photo-induced current IL than the TPS603A with its wide pattern (and the

same package as the TLN103A). However, a slight off-axis inclination can reduce IL
for the TPS601A to less than that of the TPS603A. It is therefore important to choose
devices appropriately according to the intended application and mounting conditions.
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Figure 5.2.4  IL - E characteristics of phototransistors Figure 5.2.5  Phototransistor ID - Ta

(3) Photointerrupter characteristics

The most important characteristic to consider with photointerrupters is the current

transfer ratio CTR (IC/IF), equivalent to hFE in transistors. Naturally, CTR is higher for
the darlington than for single devices because of the darlington’s greater optical
sensitivity. Figure 5.2.6 shows the CTR temperature characteristic. Figure 5.2.7 shows
how CTR changes over time during an operation test. Hence, the CTR given by these
parameters in combination drops in both the low- and high-temperature regions, as
shown in Figure 5.2.6. The gradual decrease in CTR in Figure 5.2.7 is attributable
primarily to a reduction in LED radiant power due to aging.

In general, as the temperature increases, an LED’s radiant power decreases; however,
the light-induced current in a photo transistor increases as temperature increases.
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The response speed under equal load conditions is slower for the darlington type (TLP850)
than for the single type (TLP800A), as can be seen from Figure 5.2.8. This means that as the

load decreases, tOFF becomes shorter; that is, response becomes faster.
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Figure 5.2.8 Photointerrupter switching time vs. load
resistance (during saturation)

(4) Package structures

Figure 5.2.9 shows the various photosensor package structures.

(a) TO-18 can

This package houses a chip mounted on a metal stem and is sealed with a lens to
provide a window. It resists heat, moisture and corrosion better than other
package types, making it well suited to harsh environmental conditions

(b) Plastic stem

This package houses a chip mounted on a plastic stem and is sealed with light-
transmitting resin.

(c) Plastic-molded

This package contains a chip mounted on a lead frame, with the entire structure
encapsulated by a light-transmitting resin. A photodetector consists of an emitter
and a detector in separate plastic-molded packages housed together in a single
case.
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[Photointerrupter]

Lead frame

Phototransistor

Housing case

Infrared LED

[TO-18 can type] [Plastic-stem type] [Plastic-molded type]

Plastic

Lead pin
Lead pin

Plastic stem

Plastic

Lead pin

Chip
Shell

Glass lens

Figure 5.2.9  Photosensor package structures

5.2.2 Design Precautions

(1) Operating principles of photosensor

Figure 5.2.10(a) shows the basic circuit for a photosensor. The LED anode is

connected to the power supply line VCC via resistor RE and the cathode is grounded to

earth. The forward current IF causes the LED to emit light (invisible to the human eye
because it is infrared).
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c) Detection signal characteristic 
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a) Basic circuit 
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Figure 5.2.10  Photosensor operating principles

The phototransistor collector is connected to the power supply line VCC via resistor
RL and the emitter is tied to ground. The input pins of the comparator and the IC in the
next stage are connected in common to the phototransistor collector and thus to VCC.

The emitter and detector devices are arranged as shown in Figure 5.2.10(b). When the
blocking tab passes through the slot, the collector voltage goes high, as shown in
Figure 5.2.10(c). Conversely, when the blocking tab moves out of the slot, the voltage
drops. The blocking tab is therefore detected, and an electrical signal generated,
without any contact having been made with the tab. Normally the generated signal is
input to a subsequent signal-processingstage circuit which is used to control various
peripheral functions.
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(2) Designing photosensor circuits

Finding values for RE and RL

(a) Finding the optimum RE value

Find the current IF that flows in the LED shown in Figure 5.2.10(a) using the

following equation (where VF denotes the LED forward voltage drop).

IF = 
VCC − VF

RE
.............................................................................. (1)

The following condition must be met:

IF ≤ IF(max) (Ta = Topr(max)) ......................................................... (2)

From equations (1) and (2), RE is given by:

RE ≥ 
VCC − VF

IF(max)
............................................................................. (3)

As Figure 5.2.2 shows, the greater the magnitude of IF, the greater the radiant

intensity IE; therefore, RE must first be determined, then IF(min) must be

calculated, taking into account the variations in allowable forward current IF and

radiant intensity IE.

(b) Appropriate value of RL

Find the upper limit of RL.

When the blocking tab in Figure 5.2.10(b) is in the slot, the current generated
when the LED illuminates the detector ceases to flow in the phototransistor; only

the current IL' (generated when extraneous light strikes the detector) and the dark

current ID flow in the detector. The collector voltage VOH at this time is given by
the following equation:

VOH = VCC − RL × (ID + IL')

Here we assume that input/output currents supplied to the next stage are

negligible and can be ignored. Since ID increases rapidly as the ambient
temperature rises, as shown in Figure 5.2.5, and assuming that the high-level

input voltage at the next stage is VIH, then the condition

VIH < VOH

must be met when

Ta = Topr (max).
Thus

RL (max) ≥ 
VCC − VIH

ID + IL'
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Next, determine the lower limit of RL.

When the blocking tab is out of the slot, light from the LED is received by the

phototransistor, and the light-induced current IL and the above-mentioned ID + IL'
flow in the phototransistor. Unless

IL ≥ ID + IL'

the presence of the blocking tab cannot usually be detected because of the S/N

ratio. The collector voltage VOL at this time becomes

VOL = VCC − RL (IL + ID + IL') ....................................................... (4).

Assuming that the low-level input voltage at the next stage is VIL, the following
equation must be met:

VIL > VOL........................................................................................ (5).

Equations (4) and (5) must be fully satisfied, even for the lower-limit value of IL.

IL(min) = IC/IF(min) IF × Dt × DTa × Dn

Dt: coefficient of change with time

DTa: temperature coefficient

Dn: coefficient for effects of dust and dirt

From equations (4) and (5), the following is obtained:

RL ≥ 
VCC - VIL

IL(min) + ID + IL'

However, the smaller the magnitude of RL, the shorter the switching time, as can
be understood from Figure 5.2.8.

For information concerning the change in device characteristics with time, please
refer to Section 5.2.4 Reliability Characteristics.

For photosensors, change in characteristics over time results mainly from
degradation of the LED in the initial operation period.

Be sure to incorporate sufficient margins into the circuit design, carefully taking
into account the current and temperature characteristics of the LED being used.

Applications have become more demanding in recent years because of the need to
detect non-opaque currency bills and other paper products (as opposed to metal or
other opaque materials). In these applications, it is more difficult to incorporate
appropriate circuit margins so as to ensure that malfunctions do not occur during
operation.

5.2.3 Flux cleaning for photosensors

(1) Single devices

When cleaning photosensors to remove flux, make sure that no residual reactive ions
remain. Do not rub device markings with a brush or with your hand during cleaning or
while the devices are still wet with the cleaning agent. Doing so can rub off the
markings or scratch the surface of the devices, especially the lens. For a description of
flux cleaning, please refer to section 1.4.2. Ultrasonic cleaning should not be used with
metal can-type packages (hermetically-sealed packages) because the bonding wires
can become disconnected due to resonance during the cleaning process.
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(2) Complex devices

Do not completely immerse devices in the solvent bath. If residual reactive ions are
left on the emitter or detector, it will affect the light-emitting characteristics. When
cleaning devices to remove flux, clean only the leads with alcohol. We also
recommend using no-cleaning flux(*). For surface-mount photosensors, use no-
cleaning flux and do not clean the device.

(*) No-cleaning flux contains 0.05 wt% or less halogen, as (e.g. Cl)specified by JIS A.

5.2.4 Reliability Characteristics

(1) Test data for typical product types

The following lists the results of various reliability evaluations performed on typical
photosensor product types. For estimated lifetimes of Toshiba photosensor LEDs,
please refer to Section 5.3.3(2).
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Table 5.2.1  Infrared LED (TLN107A) reliability test data

1. Tables of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Soldering heat 
EIAJ ED-4701 

A-132 
Tsol = 260°C, 10 s, once 

Immersed to within  

1.5 mm of the base 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−40°C (30 min)~25°C (5 min) 

~100°C (30min)~25 °C (5 min) 
100 cycles 

Thermal shock 
EIAJ ED-4701 

B-141 
0°C (5 min)~100°C (5 min) 50 cycles 

Moisture 

resistance 

EIAJ ED-4701 

B-132 

25°C~65°C~−10°C, 90%~98% RH 

24 h/cycle 
10 cycles 

1-2 Mechanical Environment Test 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

4 times each in 3 directions 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

14,700 m/s2, 0.5 ms 

3 times each in 4 directions 
 

Constant 

acceleration 

EIAJ ED-4701 

A-123 

196,000 m/s2, 1 min 

once each in 6 directions 
 

Solderability 

EIAJ 

ED-4701-2 

A-131A 

230°C, once in 5 s 
95% or more 

(using flux) 

Lead integrity 

EIAJ  

ED-4701 

A-111 

Load 2.5 N 

0°~90°~0° bent 3 times 

No separation or 

breakage allowed 

1-3 Lifetime Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Steady-state 

operation 

EIAJ ED-4701 

D-511 
IF = 50 mA, Ta = 25°C 1,000 hours 

High-temperature 

storage 

EIAJ ED-4701 

B-111 
Ta = 100°C 1,000 hours 

High-temperature 

and high-humidity 

storage 

EIAJ ED-4701 

B-121 
Ta = 60°C, RH = 90% 1,000 hours 
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2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measurement Conditions Minimam Criteria Maximum Criteria

Forward voltage VF IF = 10 mA  USL × 1.2

Reverse current IR VR = 5 V  USL × 2

Luminous intensity IV IF = 20 mA LSL × 0.5 

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Thermal Environment Tests and Mechanical Environmental Tests · Others

Test
No. of

Samples

No. of

Failures
Test Item

No. of

Samples

No. of

Failures

Soldering heat 32 0 / 32 Vibration 11 0 / 11

Temperature

cycling
50 0 / 50 Mechanical shock 11 0 / 11

Thermal shock 32 0 / 32
Constant

acceleration
11 0 / 11

Solderability 11 0 / 11Moisture

resistance
32 0 / 32

Lead integrity 11 0 / 11

3-2 Life Test

Test Item Samples 168 h 500 h 1000 h Remarks

Steady-State

operation
30 0 / 30 0 / 30 0 / 30

High temperature

storage
30 0 / 30 0 / 30 0 / 30

High temperature

and high humidity

storage

30 0 / 30 0 / 30 0 / 30
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Table 5.2.2  Phototransistor (TPS601A) reliability test data

1. Tables of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Soldering heat 
EIAJ ED-4701 

A-132 
Tsol = 260°C, 10 s, once 

Immersed to within  

1.5 mm of the base 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−55°C (30 min)~25°C (5 min) 

~150°C (30min)~25 °C (5 min) 
100 cycles 

Thermal shock 
EIAJ ED-4701 

B-141 
0°C (5 min)~100°C (5 min) 50 cycles 

Moisture 

resistance 

EIAJ ED-4701 

B-132 

25°C~65°C~−10°C, 90%~98% RH 

24 h/cycle 
10 cycles 

1-2 Mechanical Environment Test 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

4 times each in 3 directions 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

14,700 m/s2, 0.5 ms 

3 times each in 4 directions 
 

Constant 

acceleration 

EIAJ ED-4701 

A-123 

196,000 m/s2, 1 min 

once each in 6 directions 
 

Solderability 

EIAJ 

ED-4701-2 

A-131A 

230°C, once in 5 s 
95% or more 

(using flux) 

Lead integrity 
EIAJ ED-4701 

A-111 

Load 2.5 N 

0°~90°~0° bent 3 times 

No separation or 

breakage allowed 

1-3 Lifetime Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Steady-state 

operation 
 PC = 150mW, Ta = 25°C 1,000 h 

High-temperature 

reverse bias 
 VCE = 30 V, Ta = 125°C 1,000 h 

High-temperature 

storage 

EIAJ ED-4701 

B-111 
Ta = 150°C 1,000 h 

High-temperature 

and high-humidity 

storage 

EIAJ ED-4701 

B-121 
Ta = 60°C, RH = 90% 1,000 h 

 



[5]  Handling Precautions

5-66

2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measurement Conditions Minimum Criteria Maximum Criteria

Dark current ID VCE = 30V, *E = 0  USL × 2

Light current IL
VCE = 3 V,

*E = 0.1 mW/cm2 LSL × 0.7 

Collector-emitter

saturation voltage
VCE (sat)

IC = 30 µA,

*E = 0.1 mW/cm2  USL × 1.2

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Termal Environment Tests and Mechanical Environmental Tests · Others

Test
No. of

Samples
Failures Test

No. of

Samples

No. of

Failures

Soldering heat 32 0 / 32 Vibration 11 0 / 11

Temperature

cycling
50 0 / 50 Mechanical shock 11 0 / 11

Thermal shock 32 0 / 32
Constant

acceleration
11 0 / 11

Solderability 11 0 / 11Moisture

resistance
32 0 / 32

Lead integrity 11 0 / 11

3-2 Lifetime Tests

Test Item Samples 168 h 500 h 1000 h Remarks

Steady-state

operation
30 0 / 30 0 / 30 0 / 30

High-temperature

reverse bias
30 0 / 30 0 / 30 0 / 30

High-temperature

storage
30 0 / 30 0 / 30 0 / 30

High-temperature

and high-humidity

storage

30 0 / 30 0 / 30 0 / 30
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Table 5.2.3  Photointerrupter (TLP832) reliability test data

1. Tables of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Soldering heat 
EIAJ ED-4701 

A-132 
Tsol = 260°C, 10 s, once 

Immersed to within 

1.5 mm of the base 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−40°C (30 min)~25°C (5 min) 

~100°C (30min)~25 °C (5 min) 
100 cycles 

Thermal shock 
EIAJ ED-4701 

B-141 
0°C (5 min)~100°C (5 min) 50 cycles 

Moisture 

resistance 

EIAJ ED-4701 

B-132 

25°C~65°C~−10°C, 90%~98% RH 

24 h/cycle 
10 cycles 

1-2 Mechanical Environment Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

4 times each in 3 directions 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

14,700 m/s2, 0.5 ms 

3 times each in 4 directions 
 

Constant 

acceleration 

EIAJ ED-4701 

A-123 

196,000 m/s2, 1 min 

once each in 6 directions 
 

Solderability 

EIAJ 

ED-4701-2 

A-131A 

230°C, once in 5 s 
95% or more 

(using flux) 

Lead integrity 
EIAJ ED-4701 

A-111 

Load 2.5 N 

0°~90°~0° bent 3 times 

No separation or 

breakage allowed 

1-3 Lifetime Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Steady-state 

operation 
 IF = 50 mA, PC = 75 mW, Ta = 25°C 1,000 h 

High-temperature 

reverse bias 
 Ta = 85°C, VCE = 24 V 1,000 h 

High-temperature 

storage 

EIAJ ED-4701 

B-111 
Ta = 100°C 1,000 h 

High-temperature 

and high-humidity 

storage 

EIAJ ED-4701 

B-121 
Ta = 60°C, RH = 90% 1,000 h 
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2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measurement Conditions Minimum Criteria Maximum Criteria

LED forward

voltage
VF IF = 10 mA  USL × 1.2

LED reverse

current
IR VR = 5 V  USL × 2

Dark current ID IF = 0, VCE = 24 V  USL × 2

Current transfer

ratio
IC / IF IF = 10 mA, VCE = 2 V LSL × 0.7 

Collector-emmiter

saturation voltage
VCE (sat) IF = 20 mA, IC = 0.5 mA  USL × 1.2

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Thermal Environment Tests and Mechanical Environmental Tests · Others

Test
No. of

Samples

No. of

Failures
Test Item

No. of

Samples

No. of

Failures

Soldering heat 32 0 / 32 Vibration 11 0 / 11

Temperature

cycling
50 0 / 50 Mechanical shock 11 0 / 11

Thermal shock 32 0 / 32
Constant

acceleration
11 0 / 11

Solderability 11 0 / 11Moisture

resistance
32 0 / 32

Lead integrity 11 0 / 11

3-2 Lifetime Tests

Test
No. of

Samples
168 h 500 h 1000 h Remarks

Steady-state

operation
30 0 / 30 0 / 30 0 / 30

High-temperature

reverse bias
30 0 / 30 0 / 30 0 / 30

High-temperature

storage
30 0 / 30 0 / 30 0 / 30

High-temperature

and high-humidity

storage

30 0 / 30 0 / 30 0 / 30
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5.3 Photocoupler Reliability

5.3.1 Overview

Photocouplers typically consist of an electrically insulated infrared LED and photodetector
optically coupled by a light-transmitting material. Photocouplers are often used instead of
insulating transformers and mechanical relays to provide an interface between circuits with
different ground potentials.

General-purpose photocouplers have structures similar to that shown in Figure 5.3.1
(internal view) and Figure 5.3.2 (cross-sectional view). The TLP521-1 is used as an
example because of its simple form.

Photocouplers are manufactured with the infrared LED and phototransistor chip die-bonded
to independent frames with a conductive paste. Au wire is connected to each electrode with
a wire bonder. The emitter and detector frames are positioned so that they oppose each other
with their optical axes aligned. The gap between the chips is filled with transparent resin
and then transfer-molded with white epoxy resin (single-mold type).

There is also a double-molded type photocoupler in which the gap between the chips is
mold-coupled with light-transmitting epoxy resin and then covered with light-blocking
epoxy resin.

Frame

Infrared LED

Transparent silicone resin

Photodetector chip

White epoxy resin

Figure 5.3.1  Internal view of TLP521-1 Figure 5.3.2  Cross-sectional view of TLP521-1

The TLP521-1 shown in Figure 5.3.1 comes in a 4-pin DIP package and consists of an LED
and phototransistor pair. Other package types are also available, including 6-, 8-, 12- and
16-pin DIPs and mini-flat couplers (MFCs). In addition, some devices have a
photothyristors, phototriac or photo IC serving as the photodetector. Such a wide selection
of device types allows you to meet any application need.

Photocoupler basic characteristics are as follows:
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(a) Input-output (I/O) isolation breakdown voltage (BV)

BV indicates I/O isolation performance, the most important function of
photocouplers. With all input pins shorted together on one side and all output pins
shorted together on the other side, BV is measured from input to output. Toshiba
offers photocoupler product lines guaranteed at 1500 Vrms, 2500 Vrms,
3750 Vrms, 4000 Vrms and 5000 Vrms for one minute. (When measuring BV, be
sure to insert a circuit for overcurrent protection. Dielectric breakdown can occur
even below the maximum rated voltage.)

(b) I/O coupling characteristic

This characteristic describes the electrical output signal strength relative to the
input signal strength. It is represented by the current transfer ratio (CTR) for

transistor couplers, and by the trigger LED current (IFT) for thyristor and triac
couplers.

There are many factors which influence a photocoupler's coupling characteristic:

Electrical-to-optical conversion efficiency of the infrared LED
Optical-to-optical transfer efficiency in the optical coupling section
Optical-to-electrical conversion efficiency of the photodetector
Electrical-to-electrical DC current gain of the photodetector

Thus, the I/O coupling characteristic of photocouplers is generally smaller than
that of discrete devices (for example, only item , DC current gain, applies to

transistors). CTR and IFT are discussed further in Section 2.3.2 Design
Precautions on the next page.

(c) Absolute maximum ratings

Photocoupler technical sheets give absolute maximum ratings for the infrared
LED and photodetector chip individually as well as for the package as a whole.
As with general-purpose discrete semiconductor devices, the absolute maximum
ratings of photocouplers must not be exceeded, even momentarily. Note also that
although Toshiba photocouplers are manufactured using mold resins that meet
UL flammability level 94V-0, careful attention must be paid to the risk of
overcurrent and overvoltage, since excessive current or voltage can cause fumes,
fire or breakage.
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5.3.2 Design Precautions

This section describes design precautions specific to photocoupler circuits. General
precautions concerning semiconductor design are not discussed here.

(1) Transistor couplers

In a transistor coupler, the ratio between current IF flowing through the input LED and

current IC flowing through the transistor output is given by

CTR = IC /IF (%)

It is important to note that the parameters affecting CTR include input current IF,

output collector voltage VCE, temperature Ta and elapsed time t.

A general-purpose TLP521-1 transistor coupler is rated as follows:

CTR = 50 ∼ 600%

@IF = 5 mA, VCE = 5 V, Ta = 25°C and t = 0 (initial value)

Therefore, if circuit conditions in your design differ from those specified for the
device, you must consider the effect each condition will have on CTR (IC/IF). Using

the TLP521-1 as an example, Figure 5.3.3 shows IC vs. IF and Figure 5.3.4 shows IC
vs. Ta for reference.

Note that the respectively rather high and low CTR values of arbitrary samples A and
B in Figure 5.3.3 do not necessarily represent the actual limits of the characteristic.

(2) Thyristor and triac couplers

In a thyristor or triac coupler, the thyristor or triac turns on when sufficient IF current

flows in the input LED. This is referred to as the trigger current IFT.

If specifications guarantee that IFT = 10 mA maximum, for example, the output device

will turn on when no more than 10 mA is applied to the LED. Accordingly, IF = 10

mA or greater is required for the circuit design in this case. Generally, IF should be

designed to be 1.5 to 2.5 times the IFT maximum to take into account the effects of

temperature and aging on the IFT characteristic, as was described for transistor

couplers above. Figure 5.3.5 shows IFT vs. Ta. IF must be designed to suit actual
application conditions and requirements (for example, the temperature range and
operation lifetime).

Note that triac couplers require a snubber circuit (e.g. Rs + Cs = 47 Ω + 0.033 µF) to
prevent erratic triac operation due to external noise.
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(3) Photo-IC couplers

IC couplers include a photodetector and a processing circuit. The I/O optical coupling
characteristic is expressed for transistor-type IC couplers, such as the TLP550, by the
current transfer ratio (CTR), as in (1) above. For phototriac-type IC couplers, such as
the TLP552, the I/O optical coupling characteristic is expressed as by the LED input
current necessary to turn on the detector logic, as in (2) above.

Precautions specific to photo-IC couplers are as follows:

(a) Devices with low pin-to-pin surge tolerance require caution suring handling and
mounting.

(b) Some devices require a bypass capacitor of around 0.1 µF between the ground and
power supply pins on the output side to prevent VCC oscillation.

For further details, refer to the relevant photocoupler and discrete semiconductor
databooks.
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Figure 5.3.3  IC vs. IF characteristic for TLP521-1
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Figure 5.3.4  IC vs. Ta characteristic for TLP521-1

 Ambient temperature  Ta  (°C) 

3 

2 

1.2 

1 

0.5 

0.3 

-40 -20 0 20 40 60 80 
0.1 

100 

VT = 3 V 

IFT increases at 
low temperature. 

T
rig

ge
r 

LE
D

 c
ur

re
nt

  
I F

T
  

(r
el

at
iv

e 
va

lu
e)

 

Figure 5.3.5  IFT vs. Ta characteristic for TLP521-1
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5.3.3 Reliability Characteristics

(1) Test data for typical product types

Table 5.3.1  Phototransistor coupler (TLP521-1) reliability test data

1. Table of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Applicable 

Standard 
Test Condition Remarks 

Soldering heat 
EIAJ ED-4701 

A-132 
Tsol = 260°C, 10 s, once 

Immersed 2.0 mm from 

base of device 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−55°C (30 min)~25°C (5 min) 

~125°C (30min)~25 °C (5 min) 
100 cycles 

Thermal shock 
EIAJ ED-4701 

B-141 
0°C (5 min)~100°C (5 min) 50 cycles 

Moisture 

resistance 

EIAJ ED-4701 

B-132 

25°C~65°C~−10°C, 90%~98% RH 

24 h/cycle 
10 cycles 

1-2 Mechanical Environment Tests 

Test 
Applicable 

Standard 
Test Condition Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

4 times each in 3 directions 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

14,700 m/s2, 0.5 ms 

3 times each in 4 directions 
 

Constant 

acceleration 

EIAJ ED-4701 

A-123 

196,000 m/s2, 1 min 

once each in 6 directions 
 

Solderability 

EIAJ 

ED-4701-2 

A-131A 

230°C, once in 5 s 
95% or more 

(using flux) 

Lead integrity 
EIAJ ED-4701 

A-111 

Load 2.5 N 

0°~90°~0° bent 3 times 

No separation or 

breakage allowed 

1-3 Lifetime Tests 

Test 
Applicable 

Standard 
Test Condition Remarks 

Steady-state 

operation 

EIAJ ED-4701 

D-521 
IF = 70 mA, PC = 150 mW, Ta=25°C 1,000 h 

High-temperature 

reverse bias 

EIAJ ED-4701 

D-523 
Ta = 100°C, VCE = 24 V 1,000 h 

High-temperature 

Storage 

EIAJ ED-4701 

B-111 
Ta = 125°C 1,000 h 

High-temperature, 

and high-humidity 

storage 

EIAJ ED-4701 

B-121 
Ta = 60°C, RH = 90% 1,000 h 

1-4 Others 

Test 
Applicable 

Standard 
Test Condition Remarks 

Autoclave test 

(PCT) 

EIAJ ED-4701 

B-123 
Ta = 121°C, 203 kPa, RH = 100% 24 h 
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2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measuring Conditions Minimum Criteria Maximum Criteria

LED forward

voltage
VF IF = 10 mA LSL × 0.8 USL × 1.2

LED reverse

current
IR VR = 5 V  USL × 2

Collector-emitter

breakdown voltage
VCEO IC = 0.5 mA LSL × 0.9 

Dark current ID VCE = 24 V  USL × 2

Current transfer

ration
IC/IF IF = 5 mA, VCE = 5 V LSL × 0.7 USL × 1.3

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Thermal Environment Tests and Mechanical Environmental Tests · Others

Test
No. of

Samples

No. of

Failures
Test

No. of

Samples

No. of

Failures

Soldering heat 32 0 / 32 Vibration 11 0 / 11

Temperature

cycling
50 0 / 50 Mechanical shock 11 0 / 11

Thermal shock 32 0 / 32
Constant

acceleration
11 0 / 11

Solderability 11 0 / 11Moisture

resistance
32 0 / 32

Lead integrity 11 0 / 11

3-2 Lifetime Tests

Test
No. of

Samples
168 h 500 h 1000 h Remarks

Steady-state

operation
30 0 / 30 0 / 30 0 / 30

High-temperature

reverse bias
30 0 / 30 0 / 30 0 / 30

High-temperature

storage
30 0 / 30 0 / 30 0 / 30

High-temperature

and high-humidity

storage

30 0 / 30 0 / 30 0 / 30

3-3 Other

Test
No. of

Samples
24 h

Autoclave test

(PCT)
20 0 / 20
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Table 5.3.2  Phototriac coupler (TLP560J) reliability test data

1. Table of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Applicable 

Standard 
Test Condition Remarks 

Soldering heat 
EIAJ ED-4701 

A-132 
Tsol = 260°C, 10 s, once 

Immersed 1.5 mm from 

base of device 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−55°C (30 min)~25°C (5 min) 

~150°C (30min)~25 °C (5 min) 
100 cycles 

Thermal shock 
EIAJ ED-4701 

B-141 
0°C (5 min)~100°C (5 min) 50 cycles 

Moisture 

resistance 

EIAJ ED-4701 

B-132 

25°C~65°C~−10°C, 90%~96% RH 

24 h/cycle 
10 cycles 

1-2 Mechanical Environment Tests 

Test 
Applicable 

Standard 
Test Condition Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

4 times each in 3 directions 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

14,700 m/s2, 0.5 ms 

3 times each in 4 directions 
 

Constant 

acceleration 

EIAJ ED-4701 

A-123 

196,000 m/s2, 1 min 

once each in 6 directions 
 

Solderability 

EIAJ 

ED-4701-2 

A-131A 

230°C, once in 5 s 
95% or more 

(using flux) 

Lead integrity 
EIAJ ED-4701 

A-111 

Load 2.5 N 

0°~90°~0° bent 3 times 

No separation or 

breakage allowed 

1-3 Lifetime Tests 

Test 
Applicable 

Standard 
Test Condition Remarks 

Steady-state 

operation 
 

IF = 50 mA, IT (RMS) = 100 mA 

Ta = 25°C 
1,000 h 

High-temperature 

reverse bias 
 Ta = 85°C, VDRM = 600 Vpeak 1,000 h 

High-temperature 

Storage 

EIAJ ED-4701 

B-111 
Ta = 125°C 1,000 h 

High-temperature 

and high-humidity 

storage 

EIAJ ED-4701 

B-121 
Ta = 60°C, RH = 90% 1,000 h 

1-4 Others 

Test 
Applicable 

Standard 
Test Condition Remarks 

Autoclave test 

(PCT) 

EIAJ ED-4701 

B-111 
Ta = 121°C, 203 kPa, RH = 100% 24 h 
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2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measuring Conditions Minimum Criteria Maximum Criteria

LED forward

voltage
VF IF = 10 mA LSL × 0.8 USL × 1.2

LED reverse

current
IR VR = 5 V  USL × 2

Repetitive peak

off-state current
IDRM VDRM = 600 V  USL × 2

Peak forward

current
VTM ITM = 100 mA  USL × 1.2

Trigger LED

current
IFT VR = 6 V, RL = 100 Ω  USL × 1.3

Insulation voltage BVS AC, 1 min LSL × 1.0 

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Thermal Environment Tests and Mechanical Environmental Tests · Others

Test
No. of

Samples

No. of

Failures
Test

No. of

Samples

No. of

Failures

Soldering heat 32 0 / 32 Vibration 11 0 / 11

Temperature

cycling
50 0 / 50 Mechanical shock 11 0 / 11

Thermal shock 32 0 / 32
Constant

acceleration
11 0 / 11

Solderability 11 0 / 11Moisture

resistance
32 0 / 32

Lead integrity 11 0 / 11

3-2 Lifetime Tests

Test
No. of

Samples
168 h 500 h 1000 h Remarks

Steady-state

operation
30 0 / 30 0 / 30 0 / 30

High-temperature

reverse bias
30 0 / 30 0 / 30 0 / 30

High-temperature

storage
30 0 / 30 0 / 30 0 / 30

High-temperature

and high-humidity

storage

30 0 / 30 0 / 30 0 / 30

3-3 Other

Test
No. of

Samples
24 h

Autoclave test

(PCT)
20 0 / 20
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(2) Estimated lifetime of Toshiba photosensor and photocoupler LEDs

Broadly classified, Toshiba photosensor and photocouplers use three types of LED.
Estimated lifetimes are calculated for each type. The type of LED used in each
photosensor or photocoupler is shown on the next page. The table below and the
diagrams on pages 5-80 to 5-82 show estimated lifetimes. These estimates are based
on long-term data taken from small lots, however, and thus can only be used for
reference purposes.

The following equations shows the correlation between LED radiant power
degradation and the degradation of the optical coupling characteristics.

1) IC/IF fluctuation: One-to-one correlation with LED radiant power
degradation

IC/IF(t)

IC/IF(o)

CTR (t)

CTR (o)
=

Po(t)

Po(o)

2) IFLH/IFHL fluctuation: One-to-one correlation with the reciprocal of 
LED radiant power degradation

IFT(t)

IFT(o)

−1

=
Po(t)

Po(o)
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Table 5.3.3  LEDs used in photosensors

Photosensor LED Photosensor LED Photosensor LED

TLN101A ➀ TLP827 ➀ TLP1017 ➀

TLN102 ➀ TLP828 ➀ TLP1018 ➀

TLN103A ➀ TLP830 ➀ TLP1019 ➀

TLN104 ➀ TLP831 ➀ TLP1020 ➀

TLN104 (LB) ➀ TLP832 ➀ TLP1023 ➀

TLN105B ➀ TLP833 ➀ TLP1024 ➀

TLN107A ➀ TLP836 ➀ TLP1025 ➀

TLN108 ➀ TLP853 ➀ TLP1029 ➀

TLN110 ➀ TLP862 ➀ TLP1034 ➀

TLN113 ➀ TLP863 ➀ TLP1201A ➀

TLN115A ➀ TLP864 ➀
TLP1201A
(C1)

➀

TLN119 ➀ TLP865 ➀
TLP1201A
(C2)

➀

TLN201 ➁ TLP866 ➀ TLP1204 (C1) ➀

TLN203 ➁ TLP867 ➀ TLP1204 (C3) ➀

TLN205 ➁ TLP869 ➀ TLP1205 ➀

TLN221 ➂ TLP871 ➀ TLP1208 (C3) ➀

TLN223 ➂ TLP907 ➀ TLP1209 (C7) ➀

TLN225 ➂ TLP907 (LB) ➀ TLP1211 ➀

TLN226 ➂ TLP908 ➀ TLP1215 (C1) ➀

TLN227 ➂ TLP908 (LB) ➀ TLP1217 (C2) ➀

TLP507A ➀ TLP909 ➀ TLP1221 (C7) ➀

TLP800A ➀ TLP1000A ➀ TLP1224 ➀

TLP801A ➀ TLP1001A ➀ TLP1224 (C1) ➀

TLP803 ➀ TLP1002A ➀ TLP1230 (C4) ➀

TLP810 ➀ TLP1003A ➀ TLP1231 (C5) ➀

TLP812 ➀ TLP1004A ➀ TLP1241 (C5) ➀

TLP813 ➀ TLP1005A ➀ TLP1242 (C6) ➀

TLP814 ➀ TLP1006A ➀ TLP1251 (C5) ➀

TLP818 ➀ TLP1007A ➀ TLP1252 (C6) ➀

TLP822 ➀ TLP1014 ➀ TLP1253 (C6) ➀

TLP824 ➀ TLP1015 ➀

TLP825 ➀ TLP1016 ➀

➀ : GaAs infrared LED, ➁ : GaAlAs (SH) infrared LED, ➂ : GaAlAs (DH) infrared LED
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Table 5.3.4  LEDs used in photocouplers

Coupler
Name

LED
Type

Coupler
Name

LED
Type

Coupler
Name

LED
Type

Coupler
Name

LED
Type

Coupler
Name

LED
Type

4N25 (Short) ➀ TLP176A ➀ TLP521-2 ➀ TLP599B ➀ TLP721F ➀
4N25A (Short) ➀ TLP176D ➀ TLP521-3 ➀ TLP599G ➀ TLP731 ➀
4N26 (Short) ➀ TLP176G ➀ TLP521-4 ➀ TLP611J ➀ TLP732 ➀
4N27 (Short) ➀ TLP180 ➀ TLP523 ➀ TLP620 ➀ TLP733 ➀
4N28 (Short) ➀ TLP181 ➀ TLP523-2 ➀ TLP620-2 ➀ TLP733F ➀
4N29 (Short) ➀ TLP190B ➀ TLP523-3 ➀ TLP620-3 ➀ TLP734 ➀
4N29A (Short) ➀ TLP191B ➂ TLP523-4 ➀ TLP620-4 ➀ TLP734F ➀
4N30 (Short) ➀ TLP197G ➀ TLP525G ➀ TLP621 ➀ TLP741G ➀
4N31 (Short) ➀ TLP206A ➀ TLP525G-2 ➀ TLP621-2 ➀ TLP741J ➀
4N32 (Short) ➀ TLP206G ➀ TLP525G-3 ➀ TLP621-3 ➀ TLP747G ➀
4N32A (Short) ➀ TLP224G ➀ TLP525G-4 ➀ TLP621-4 ➀ TLP747GF ➀
4N33 (Short) ➀ TLP224G-2 ➀ TLP531 ➀ TLP624 ➀ TLP747J ➀
4N35 (Short) ➀ TLP225A ➀ TLP532 ➀ TLP624-2 ➀ TLP747JF ➀
4N36 (Short) ➀ TLP227G ➀ TLP541G ➀ TLP624-3 ➀ TLP750 ➁
4N37 (Short) ➀ TLP227G-2 ➀ TLP542G ➀ TLP624-4 ➀ TLP751 ➁
4N38 (Short) ➀ TLP250 ➁ TLP543J ➀ TLP626 ➀ TLP759 ➁
4N38A (Short) ➀ TLP205F ➁ TLP545J ➀ TLP626-2 ➀ TLP759F ➁
6N135 ➁ TLP251 ➁ TLP550 ➁ TLP626-3 ➀ TLP762J ➀
6N136 ➁ TLP251F ➁ TLP551 ➁ TLP626-4 ➀ TLP762JF ➀
6N137 ➁ TLP260J ➀ TLP552 ➁ TLP627 ➀ TLP763J ➀
6N138 ➁ TLP270D ➀ TLP553 ➁ TLP627-2 ➀ TLP763JF ➀
6N139 ➁ TLP270G ➀ TLP554 ➁ TLP627-3 ➀ TLP798G ➂
TLP112 ➁ TLP280 ➀ TLP555 ➁ TLP627-4 ➀ TLP2200 ➁
TLP112A ➂ TLP280-4 ➀ TLP557 ➁ TLP628 ➀ TLP2530 ➁
TLP113 ➁ TLP281 ➀ TLP558 ➁ TLP628-2 ➀ TLP2531 ➁
TLP114A ➂ TLP281-4 ➀ TLP559 ➁ TLP628-3 ➀ TLP2601 ➁
TLP115 ➁ TLP296G ➀ TLP560G ➀ TLP628-4 ➀ TLP2630 ➁
TLP115A ➂ TLP320 ➀ TLP560J ➀ TLP629 ➀ TLP2631 ➁
TLP120 ➀ TLP320-2 ➀ TLP561G ➀ TLP629-2 ➀ TLP3110 ➀
TLP120-4 ➀ TLP320-3 ➀ TLP561J ➀ TLP629-3 ➀ TLP3111 ➀
TLP121 ➀ TLP320-4 ➀ TLP570 ➀ TLP629-4 ➀ TLP3502 ➀
TLP121-4 ➀ TLP321 ➀ TLP571 ➀ TLP630 ➀ TLP3502A ➀
TLP124 ➀ TLP321-2 ➀ TLP572 ➀ TLP631 ➀ TLP3503 ➀
TLP124-4 ➀ TLP321-3 ➀ TLP582 ➂ TLP632 ➀ TLP3506 ➀
TLP126 ➀ TLP321-4 ➀ TLP590B ➂ TLP641G ➀ TLP3507 ➀
TLP127 ➀ TLP330 ➀ TLP591B ➂ TLP641J ➀ TLP3520 ➀
TLP127-4 ➀ TLP331 ➀ TLP594G ➀ TLP651 ➁ TLP3520A ➀
TLP130 ➀ TLP332 ➀ TLP595A ➂ TLP665G ➀ TLP3521 ➀
TLP131 ➀ TLP371 ➀ TLP595B ➂ TLP665GF ➀ TLP3526 ➀
TLP137 ➀ TLP372 ➀ TLP595G ➂ TLP665J ➀ TLP3527 ➀
TLP141G ➀ TLP373 ➀ TLP596A ➀ TLP665JF ➀ TLP3530 ➀
TLP160G ➀ TLP421 ➀ TLP596B ➀ TLP666G ➀ TLP3540 ➀
TLP160J ➀ TLP421F ➀ TLP596G ➀ TLP666GF ➀ TLP3560 ➀
TLP161G ➀ TLP504A ➀ TLP597G ➀ TLP666J ➀ TLP3661 ➀
TLP161J ➀ TLP511GA ➀ TLP598A ➂ TLP666JF ➀ TLP3566 ➀
TLP165J ➀ TLP512 ➁ TLP598B ➂ TLP668J ➂ TLP3567 ➀
TLP166J ➀ TLP513 ➁ TLP598G ➂ TLP721 ➀
TLP168J ➂ TLP521-1 ➀ TLP599A ➀ TLP722 ➁

➀ : GaAs infrared LED,      ➁ : GaAlAs (SH) infrared LED,       ➂ : GaAlAs (DH) infrared LED
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Figure 5.3.6  GaAs infrared LED estimated degradation data
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Figure 5.3.7  GaAlAs (SH) infrared LED estimated degradation data
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Figure 5.3.8  GaAlAs (DH) infrared LED estimated degradation data
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5.4 TOSLINK Reliability

5.4.1 Overview

TOSLINK converts data from electrical to optical form and transmits it. TOSLINK
comprises the following devices:

(1) Fiber-optic transmitter module

This device converts electrical signals into optical signals. It contains a light-emitting
diode (LED) and a transmission circuit to drive the LED. The LED is turned on and
off  by the digital input signal going high and low respectively.

(2) Fiber-optic receiver module

This device converts optical signals back into electrical signals. It consists of a
photodiode (PD) and a receiver IC that can amplify and reshape the signal waveform.
A digital electrical signal is output, its value (High or Low) whether or not a light
signal is received.

(3) Optical-fiber

This is the transmission path medium for sending optical signals from the fiber-optic
transmitter module to the fiber-optic receiver module. Different types of optical fiber
are used, depending on the transmission distance.

(4) Optical connector

This device efficiently combines a fiber-optic transmitter module, a fiber-optic
receiver module and optical fiber into an integrated system. Optical connectors are
typically situated at each end of an optical fiber cable.

To transmit data optically, select the appropriate optical fiber for the transmission
distance. Then, obtain fiber-optic modules with wavelength characteristics appropriate
for the selected optical fiber.

Transmission

Distance
Type of Optical Fiber

Emission

Wavelength

Short-haul transmission

(up to 50 m)
Plastic optical fiber 650 nm ∼ 670 nm

Mid-range transmission

(up to 1 km)
Plastic-clad quartz optical fiber 800 nm

Long-haul transmission

(1 km and over)
Quartz optical fiber 850 nm, 1300 nm
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5.4.2 Structure of Fiber-Optic Modules

TOSLINK fiber-optic transmitter/receiver modules are available in two types: a plastic
package with a resin-molded internal unit that can be produced easily in large quantities,
and a ceramic package which affords a high degree of protection from the environment to
the internal unit.

(1) Plastic-package type

Figure 5.4.1 shows how an internal fiber-optic transmitter/receiver module is
housed in a plastic package. There are three primary components: a transmitter
unit encapsulated in transparent plastic comprised of an LED mounted on a lead
frame, a single-chip transmitter IC with an LED driver circuit, and a chip
capacitor; a receiver unit encapsulated in transparent plastic comprised of a
photodiode (PD) mounted on a lead frame, a receiver IC capable of reshaping the
waveform, and a chip capacitor; and the casing which provides the coupling with
the optical connectors. The casing is made of a conductive plastic that provides
shielding.

Capacitors PIN photodiode

Receiver IC

IC
Transmitter

Transparent plastic

Lead frame

LED

Casing
(receptacle)

Figure 5.4.1  Structure of fiber-optic transmitter/receiver in plastic package
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(2) Ceramic-package type

Figure 5.4.2 shows the structure of an internal fiber-optic transmitter/receiver module
housed in a ceramic package. Mounted on a ceramic substrate are an LED, a
transmitter IC for driving the LED, a photodiode, a receiver IC capable of reshaping
the waveform, and a chip capacitor. The ceramic substrate is hermetically sealed with
metal shells which include glass windows.

This structure affords the internal unit a high degree of protection from moisture and
from the external environment.

PIN-photodiode

Glass window
Lead terminal

Bonding pads

Ceramic substrate

Receiver IC

Capacitor

Laminated ceramic

LED

Transmitter IC

Shell

Figure 5.4.2  Structure of fiber-optic transmitter/receiver module in a ceramic package
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5.4.3 Usage Precautions

(1) Reliability

In an optical module that has been in use for some time, nearly all of the deterioration
in characteristics is due to a reduction in the fiber-coupled output power (Pf). This is
due to deterioration over time in the level of optical output of the LED used as the
light source.

The drop in the LED’s optical output is thought to be caused by crystal flaws in the
wafer or stress in the mold resin, although the detailed causes are not clear.

Although LEDs used for optical communications are generally considered to have an
almost indefinite lifetime, their optical output does fall over time.

The lifetime of light-emitting devices is greatly affected by the operating conditions
and operating environment as well as by the lifespan characteristics of the particular
device.

Before you select a device and set the operating conditions, Toshiba recommend that
you first check the device’s lifetime characteristics.

For information on product reliability, contact a Toshiba sales office. In stringent
environmental conditions, frequent maintenance, such as checking the amount of light
emitted, is recommended.

In the case of the red LEDs used in the TOTX195 and TODX297, for example, a light-
absorbing layer may form on the surface of the LED as the aluminum in the liquid
crystal oxidizes, causing the optical output to fall. As this tendency is more
pronounced in high-humidity environments, it is recommended that products
containing red LEDs not be used in such environments.

For high-humidity environments or applications requiring a long lifespan, Toshiba
recommend the use of a TOSLINK ceramic-package optical module.

(2) Soldering

Optical modules include semiconductor devices but are essentially optical
components. When soldering, be careful that flux does not adhere to the light-emitting
or light-receiving surfaces.

Take the same care when cleaning off flux after soldering.

Some optical modules include a protective cap. This cap is intended to prevent
accidental operation when the module is not in use. It is not dust- or water-proof.
Because the optical module is an optical component, Toshiba do not recommend
soldering methods or post-solder flux cleaning methods in which flux could affect the
module. Toshiba recommend first soldering without mounting the module, then
cleaning the PCB. Finally, hand-solder the module and refrain from cleaning
thereafter.

If it is not possible to hand-solder the module, one way of avoiding the effects of flux
is to use non-halogen (chlorine-free) flux, taking care not to leave behind chlorine or
any other residue, and omotting the post-solder cleaning. In this case, too, be sure to
check the reliability of the device.
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(3) Noise Resistance

The case for the TOSLINK (simplex) optical receiving module and (duplex) optical
transceiving module is made of conductive plastic.

The case is designed to provide shielding when the reinforced pin at the front of the
module is grounded. When using the module, connect this pin to SIGNAL-GND.

Since the case for the optical receiving module and optical transceiving module has a
resistance of several tens of ohms, take care that the case does not touch the power line
or any other circuits.

Generally, the use of optical transmission devices is considered to improve noise
resistance.

While optical fibers are certainly not affected by noise, optical modules, particularly
receiver modules, are comparatively sensitive to noise because they handle such
minute current signals.

To improve noise resistance, the TOSLINK case is treated to make it conductive.
However, since the signal output from the optical receiving module photodiode is a
minute current signal, in some environments the shielding from the case alone is
insufficient to protect against noise. When using a TOSLINK device, conduct live
tests to check noise resistance.

A simple noise filter is compulsory for the power lines for the TOSLINK optical
receiving module and optical transceiving module.

If there are significant power supply ripples, further filter reinforcement is necessary.
Also, if the optical module is to be placed in a location susceptible to emission noise,
Toshiba recommend covering the optical module and power supply filter with a metal
cover to enhance the shielding.

(4) Protective Cap

When the optical module is not in use, cover it with the protective cap. Take particular
care with the optical receiving module since, depending on the circuit used, extraneous
light may be input to the module when the TOSLINK device is not in use and may
adversely affect other circuits.

(5) Vibration, Shock and Stress

Plastic-molded optical modules are plastic-sealed devices whose wires are fixed with
resin. While this structure makes them comparatively resistant to vibration and shock,
wire breakage has been observed in equipment in which the module is used when the
soldering and connections are exposed to vibration, shock or stress. Therefore, when
using a plastic-molded optical module in equipment with high vibration levels, ensure
that the structure is designed to withstand vibration, shock and stress.

Ceramic-package optical modules are ceramic-sealed, with a hollow interior. Since the
wires in the module are not fixed, the module is susceptible to vibration and shock.
Therefore, when using a ceramic-package optical module in equipment subject to high
levels of vibration and shock, ensure that the structure of the equipment is designed to
withstand vibration, shock and stress.

(6) Supply Voltage

The modules should be used with a supply voltage that is within the standard operating

conditions (VCC = 5 V ± 0.25 V). Ensure that the supply voltage does not exceed the
absolute maximum rating of 7 V, even momentarily.
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(7) Input Voltage

If a voltage exceeding the absolute maximum rating (VCC + 0.5 V) is applied to the
transmitter input, the internal IC may be adversely affected or even destroyed. If there
is a possibility of excessive input voltage due to a surge, for example, add a protector
circuit to the input.

(8) Output

Note that internal ICs can be damaged when the receiver output is low and the output
is shorted to the power supply, or when the output is high and is shorted to GND.

(9) Handling Optical Fiber Cables

Do not drop heavy or sharp metal objects onto the optical fiber cable. If the fiber cable
breaks, data cannot be transmitted.

Also, transmission loss increases if there are sharp bends in the fiber cable. Toshiba
recommend that, if the cable must be bent during installation, the bent section should
have as large a radius as possible (six to 10 times the minimum bending radius).

Some fiber optic connectors are vertical connectors. When inserting a fiber-optic
connector, note the orientation of the connection.

When coupling or decoupling a fiber-optic connector, be sure to grip the connector
itself. Do not decouple a fiber-optic connector by pulling on the optical fiber cable.

(10) Assembling Fiber-Optic Connectors

Since specialized assembly tools are available for the fiber-optic connectors used with
TOSLINK devices, people without specialist knowledge can assemble the connectors.
However, the person who assembled the product must be responsible for its
characteristics and quality.

When using a connector in an application where reliability is essential, Toshiba
recommend purchasing a pre-assembled product or contacting a specialist with the
necessary expertise.

(11) Absolute Maximum Ratings

The absolute maximum ratings must never be exceeded, even momentarily. Even a
single rating must never be exceeded. The parameters which feature in of the absolute
maximum ratings depend on the product, but they generally include such parameters as
the input and output currents, input voltage, storage temperature, operating
temperature and lead temperature.

If the input current or input voltage exceeds its absolute maximum rating value, over
current or overvoltage could occur, adversely affecting the internal circuitry of the
device. If the rating is grossly exceeded, the wiring may fuse due to heating in the
internal circuits, or the circuitry in the semiconductor chips may be destroyed.

If the absolute maximum operating temperature, storage temperature or soldering
temperature rating is exceeded, the differences in the coefficients of thermal expansion
of the various materials which make up the device can result damage to cause the
sealing or bonded parts to open up. When using TOSLINK devices, never exceed any
of the absolute maximum ratings.
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(12) Recommended Operating Conditions

The recommended operating conditions are conditions recommended to ensure the
level of operation described in the corresponding product datasheet.

To improve the reliability of a device even further, derate the maximum voltage,
current, temperature or any other parameter.

Note that the recommended operating conditions are intended to guarantee operation
and do not always guarantee characteristic values.

(13) Smoke and Fire

Since optical modules, connectors and fiber-optic cables are flammable, scorching or
burning them may cause them to emit smoke or burst into flames, which can in turn
cause gas emissions. Therefore, do not use these devices in the vicinity of flames,
smoke or any flammable materials.

(14) Disposal Precautions

TOSLINK devices and packaging materials must be disposed of by the user as
industrial waste products in an environmentally appropriate way and in accordance
with the law.
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5.4.4 Reliability Characteristics

Table 5.4.1 show the results of a fiber-optic module reliability test using the TODX296
fiber-optic transmitter/receiver module as an example.

Table 5.4.1

1. Tables of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Soldering heat 
EIAJ ED-4701 

A-132 
Tsol = 260°C, 10 s, once 

Immersed to within 

1.0 mm of the base 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−40°C (30 min)~25°C (5 min) 

~85°C (30min)~25 °C (5 min) 
100 cycles 

1-2 Mechanical Environment Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

4 times each in 3 directions 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

14,700 m/s2, 0.5 ms 

3 times each in 4 directions 
 

Constant 

acceleration 

EIAJ ED-4701 

A-123 

196,000 m/s2, 1 min 

once each in 6 directions 
 

Solderability 

EIAJ 

ED-4701-2 

A-131A 

230°C, once in 5 s 
95% or more 

(using flux) 

Lead integrity 
EIAJ ED-4701 

A-111 

Load 2.5 N 

0°~90°~0° bent 3 times 

No separation or 

breakage allowed 

Mating and 

unmating 
 500 times 

Hooking force 

 : Below 39.2 N 

Unhooking force 

 : Over 5.9 N 

1-3 Lifetime Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Steady-state 

operation 
 VCC = 5 V, Ta = 85°C 1,000 h 

High-temperature 

storage 

EIAJ ED-4701 

B-111 
Ta = 85°C 1,000 h 
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2. Failure Criteria (Ta = 25°C, VCC = 5 V)

Parameter Symbol Measuement Condition Minimum Criteria Maximum Criteria

Fiber-coupled

optical output
Pf R = 1.2 kΩ Initial value − 1.5 dB Initial value + 1.5dB

Current

consumption
ICC R = 1.2 kΩ  USL × 1.2

Maximum power of

received light
Pmax PCF DC~6 Mb/s Initial value − 1.5 dB Initial value + 1.5dB

Minimum power of

received light
Pmin PCF DC~6 Mb/s Initial value − 1.5 dB Initial value + 1.5dB

LSL: Lower specification limit; USL: Upper specification limit

3. Test Results

3-1 Thermal Environment Tests and Mechanical Environmental Tests · Others

Test
No. Of

Samples

No. Of

Failures
Test Item

No. Of

Samples

No. Of

Failures

Soldering heat 32 0 / 32 Vibration 11 0 / 11

Temperature

cycling
50 0 / 50 Mechanical shock 11 0 / 11

Constant

acceleration
11 0 / 11

Solderability 11 0 / 11

Lead integrity 11 0 / 11

Mating and

unmating
11 0 / 11

3-2 Lifetime Tests

Test
No. of

Samples
168 h 500 h 1000 h Remarks

Steady-state

operation
30 0 / 30 0 / 30 0 / 30

High-temperature

storage
30 0 / 30 0 / 30 0 / 30

High-temperature

and high-humidity

storage

30 0 / 30 0 / 30 0 / 30

The GaAlAs red-emitting LED with a double-hetero structure used in some TOSLINK
modules is prone to the formation of a light-absorbing surface layer on the LED due to Al
oxidation in the mixed crystal. This occurs as the LED conducts current, reducing the
LED’s radiant power. This phenomenon is especially noticeable in systems operating in
high-humidity environments. Users are therefore encouraged not to use red-emitting LEDs
in fiber-optic systems in this type of environment. (See Figure 5.4.3.)

For TOSLINK systems which must operate in high humidity, or for applications requiring a
long service life, Toshiba recommend the use of ceramic package-type fiber-optic modules.
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Figure 5.4.3  Relationship between moisture degradation,
temperature and relative humidity in a
GaAlAs double-hetero red LED
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5.5 Red Semiconductor Laser Reliability

5.5.1 Overview

(1) Characteristics

The TOLD9000 Series of semiconductor lasers is manufactured from InGaAlP crystal.
They exhibit a lasing wavelength in red region, and combine the excellent visibility of
He-Ne gas lasers with the compact size and easy-to-use features of semiconductor
lasers.

(2) Structure

Red semiconductor lasers are available in refractive index waveguide structure shown
in Figure 5.5.1. The internal structure consists of a laser chip and a monitor
photodiode housed together in a single package (of MC type) as shown in Figure 5.5.2.

 p electrode 

p-GaAs contact layer 
n-GaAs current-blocking layer 

p-InGaAlP clad layer 

InGaP/InGaAlP active layer 

n-InGaAlP clad layer 

n electrode 

Refractive index 

waveguide structure 

n-GaAs substrate 

Figure 5.5.1  Chip structure

Laser beam

θII

θ⊥

Window Base surface

Flange

photodiode

Laser diode chip

Figure 5.5.2  Internal structure
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5.5.2 Usage Precautions

(1) Do not exceed absolute maximum ratings, even momentarily. Check spike currents
generated when the drive circuit is powered on or off to ensure that they will not cause
absolute maximum rating values to be exceeded. Excessive spike currents applied to a
laser can cause deterioration in the laser optical output and other characteristics or, in
the worst case, cause the laser to fail.

(2) Radiant output power decreases as the temperature increases, imposing limits on the
operating temperature range. This should be taken into account when designing
circuits. Use a copper or aluminum heat sink of sufficient size to disperse the heat.

(3) Take precautions against electrostatic device breakdown during handling. Take
preventive measures such as grounding the workbench, your body and the soldering
iron to earth. Also, avoid electrostatic pulses caused by turning fluorescent lamps and
similar devices on and off.

(4) To keep the hermetically sealed package airtight, do not apply excessive stress
between the leads and the case, or on the glass surface. When forming the leads, bend
them at a point 2 mm or more from the base of the device. Do not solder leads before
they have been formed. Adhere to the following conditions:

Soldering temperature ≤ 260°C; soldering time ≤ 5 seconds (2 mm or more from the
device package)

(5) Damaging or staining the glass surface can reduce the radiant output power or deform
the far field pattern. Do not contaminate the window.

(6) Do not look directly into the laser beam or lens during laser emission. Because of its
high concentration of power, the laser beam can be very harmful to the eye.
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5.5.3 Reliability Characteristics

The tables below list reliability test conditions, failure criteria and results for the
TOLD9462MC/MD red semiconductor laser.

1. Tables of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Soldering heat 
EIAJ ED-4701 

A-132 
Tsol = 260°C, 10 s, once 

Immersed 2.0 mm from 

base of device 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−40°C (30 min)~25°C (5 min) 

~85°C (30min)~25 °C (5 min) 
100 cycles 

Hermetic seal 
EIAJ ED-4701 

B-142 

Minute leaks detected by tracer gas; large leaks 

detected by bubbles 
 

1-2 Mechanical Environment Test 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

4 times each in 3 directions 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

14,700 m/s2, 0.5 ms 

3 times each in 4 directions 
 

Constant 

acceleration 

EIAJ ED-4701 

A-123 

196,000 m/s2, 1 min 

once each in 6 directions 
 

Solderability 

EIAJ 

ED-4701-2 

A-131A 

230°C, once in 5 s 
95% or more 

(using flux) 

Lead integrity 

(bending) 

EIAJ ED-4701 

A-111 

Load 10.0 N 

0°~90°~0° bent 3 times 

No separation or 

breakage allowed 

Lead integrity 

(tensile) 

EIAJ ED-4701 

A-111 
Load 25.0 N, applied once for 30 s 

No separation or 

breakage allowed 

1-3 Lifetime Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Steady-state 

operation 
 

Po = 5mW (automatic power control)  

Ta = 70°C 
1,000 h 

High-temperature 

storage 

EIAJ ED-4701 

B-111 
Ta = 85°C 1,000 h 
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2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measurement Conditions Minimum Criteria Maximum Criteria

Operating current IOP PO = 5 mW (CW)  USL × 1.2

PD monitor current Im PO = 5 mW (CW) Initial × 80% Initial × 120%

PD dark current ID VR = 5 V  USL × 1.2

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Thermal Environment Tests and Mechanical Environmental Tests · Others

Test
No of

Samples

No Of

Failures
Test

No of

Samples

No of

Failures

Soldering heat 32 0 / 32 Vibration 11 0 / 11

Temperature

cycling
50 0 / 50 Mechanical shock 11 0 / 11

Hermetic seal 11 0 / 11
Constant

acceleration
11 0 / 11

Solderability 11 0 / 11

Lead integrity

(bending)
11 0 / 11

Lead integrity

(tensile)
11 0 / 11

3-2 Lifetime Tests

Test
No of

Samples
168 h 500 h 1,000 h Remarks

Steady-state

operation
30 0 / 30 0 / 30 0 / 30

High-temperature

storage
30 0 / 30 0 / 30 0 / 30

Low-temperature

storage
30 0 / 30 0 / 30 0 / 30
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The degradation in characteristics of a device which is in operation for a long period time can be
explained by increased junction temperature due to increased operating current. The degradation results
in damage to the end surfaces or internal structure of the laser chip.
Figure 5.5.3 shows test data for APC drive operation and shows a change in operating current over time.
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Figure 5.5.3  TOLD9462MC/MD
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5.6 Small-Signal Transistor Reliability

5.6.1 Overview

(1) Structure

Typical small-signal transistor products include bipolar transistors, junction-type
FETs, and MOSFETs. Figure 5.6.1 shows the structure of these devices. Almost all
small-signal bipolar transistors now manufactured are of the epitaxial planar structure
shown in the diagram. This structure has the important advantage of being protected
with a silicon oxide film, giving high reliability.

P |

N+

P

Base Emitter

N

N+

Collector

SiO2

Electrode

N

P

Substrate gate

Electrode

(a) Bipolar transistor

Source Gate Drain

P+N+ N+

Channel

N+N+

(b) Junction-type FET (c) MOSFET

Substrate gate

SiO2 SiO2

Electrode
Source Gate Drain

Figure 5.6.1  Structure of small-signal transistors

(2) Features

Table 5.6.1 summarizes the features of small-signal transistors.

Table 5.6.1  Features of small-signal transistors

Type Features Uses

Epitaxial planar

transistor

Low saturation voltage. Low IF noise. Can be

easily fabricated with finer pattern width than FET

and has excellent high-frequency response.

Low- and high-frequency

amplification;

High-speed switching

Junction FET High input impedance. Low IF noise (in particular,

lower high-signal source impedance than bipolar

transistor).

Low- and high-frequency

amplification;

Switching

MOSFET Input impedance is very high. Good cross

modulation and intermodulation characteristics.

High-frequency amplification

In addition to the above, there are several other device types, including the GaAs-
based MESFET and HEMT. These devices are used in applications where low-noise
characteristics at high frequencies are important.

(3) Packages

Small-signal transistors come in lead-type (insertion) and surface-mount packages.
Surface-mount packages have become the standard. A noticeable trend in surface
mount packaging is increased mounting density which is achieved by reducing size
and by increasing the number of pins. Accordingly, the requirements for package
reliability are becoming more stringent every year.
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Figure 5.6.2 shows the external profile and an internal structural view of the super-mini (S-
Mini) package, a typical surface-mount package type.
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Figure 5.6.2  Super-mini package

5.6.2 Usage Precautions

The following lists specific precautions that should be observed when using small-signal
transistors. General precautions for semiconductor devices are not discussed here.

(1) Degradation of hFE

When a bipolar transistor breaks down from the application of a reverse voltage across

the emitter-to-base junction, hFE deteriorates causing reduced gain or increased noise.

When the current IEBO is applied to a 2SC3429 VHF/UHF-band low-noise

amplification transistor, causing it to breakdown, hFE deteriorates over time as shown
in

Figure 5.6.3 and 5.6.4. The greater the applied current IEBO, the greater the

degradation of hFE. Figure 5.6.3 shows degradation of hFE at IC = 0.1 mA and Figure

5.6.4 shows degradation of hFE at IC = 20 mA, indicating that the reduction in hFE is

large when IC is small, and small when IC is large.
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Figure 5.6.3  Degradation of hFE (at IC = 0.1 mA)
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Figure 5.6.4  Degradation of hFE (at IC = 20 mA)

The greater the current IEBO with which the emitter-to-base junction is made to break down,

and the lower the temperature, the greater the hFE degradation. From this observation it
appears that hot carriers are the cause of the problem and that the degradation is brought

about by an increased energy level at the Si-SiO2 interface. This problem has become more
noticeable as transistors are manufactured with increasingly finer dimensions and the
emitter junction depth becomes shallower.

In recent years, transistors have become increasingly susceptible to the effects of reduced

hFE because they are designed to operate at small currents to meet the requirements of low-
power equipment. When designing circuits, therefore, be careful to avoid emitter-base

reverse-voltage breakdown. Also, avoid measuring VEBO during incoming product
inspections.

In summary, particular care must be taken with high-frequency transistors. This is because
they have been fabricated with very fine dimensions and very shallow junctions to improve
performance characteristics.
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5.6.3 Reliability Characteristics

(1) Reliability test results

As an example, Table 5.6.2 lists the results of reliability tests conducted for a plastic-
encapsulated low-noise amplification transistor. Table 5.6.3 lists the failure criteria
applied during the test.
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Table 5.6.2  Reliability test results for 2SC3606 low-noise amplification transistor

1. Tables of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Referred 

Standard 
Test Conditions Remarks 

Soldering heat 
MIL-STD-750C 

Meshod 2031. 1 
Tsol = 260°C, 10 s, once 

The entire of device shall 

be immersed 

Temperature 

cycling 

MIL-STD-202E 

Meshod 107C 

−55°C (30 min)~25°C (5 min) 

~125°C (30min)~25 °C (5 min) 
100 cycles 

Thermal shock 
MIL-STD-750C 

Meshod 1056. 1 
0°C (5 min)~100°C (5 min) 50 cycles 

Moisture 

resistance 

MIL-STD-202E 

Meshod 106E 

25°C~65°C~−10°C, 90%~96% 

24 h/cycle 
10 cycles 

1-2 Mechanical Environment Tests 

Test Item 
Referred 

Standard 
Test Conditions Remarks 

Vibration (Variable 

frequency) 

MIL-STD-750C 

Meshod 2056 

100 Hz~2000 Hz~100 Hz 

196 m/s2  

3 oorientations, 4 each 

 

Shock 
MIL-STD-750C 

Meshod 2016.2 

14,700 m/s2, 0.5 ms 

4 oorientations, 3 each 
 

Constant 

acceleration 

MIL-STD-750C 

Meshod 2006 

196,000 m/s2, 1 min 

6 oorientations, 1 each 
 

Solderability 
MIL-STD-750C 

Meshod 2026. 4 

230°C, 5 s Once 

Flux (WW rosin Type) 

Solder coverage shall be 

no less than 95% 

1-3 Lifetime Tests 

Test Item 
Referred 

Standard 
Test Conditions Remarks 

Steady-state 

operation 

MIL-STD-750C 

Meshod 1026. 3 
PC = 150 mW , Ta = 25°C 1,000 h 

High-temperature 

reverse bias 

MIL-STD-750C 

Meshod 1039 
Ta = 125°C, VCB = 16 V 1,000 h 

High-temperature 

storage 

MIL-STD-750C 

Meshod 1032. 1 
Ta = 125°C 1,000 h 

High-temperature 

and high-humidity 

storage 

MIL-STD-750C 

Meshod 103B 
Ta = 60°C, RH = 90% 1,000 h 

1-4 Others 

Test Item 
Referred 

Standard 
Test Conditions Remarks 

Pressure coolder 

test 

EIAJ ED-4701 

B-123 
Ta = 121°C, 203kPa, RH = 100% 24 h 
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Table 5.6.3  Failure criteria for 2SC3606

2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measurement Conditions Minimum Criteria Maximum Criteria

Collector cut-off

current
ICBO VCBO = 10 V, IE = 0  USL × 2

Emitter cut-off

current
IEBO VEB = 1 V, IC = 0  USL × 2

DC current gain hFE VCE = 10 V, IC = 20 mA LSL × 0.8 USL × 1.2

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Thermal Environment Tests and Mechanical Environmental Tests · Others

Test
No. of

Samples

No. of

Failures
Test Item

No. of

Samples

No. of

Failures

Soldering heat 32 0 / 32
Vibration (Variable

frequency)
11 0 / 11

Temperature

cycling
50 0 / 50 Shock 11 0 / 11

Thermal shock 32 0 / 32
Constant

acceleration
11 0 / 11

Moisture

resistance
32 0 / 32 Solderability 11 0 / 11

3-2 Lifetime Tests

Test
No. of

Samples
168 h 500 h 1000 h Remarks

Steady-state

operation
30 0 / 30 0 / 30 0 / 30

High-temperature

reverse bias
30 0 / 30 0 / 30 0 / 30

High-temperature

storage
30 0 / 30 0 / 30 0 / 30

High-temperature

and high-humidity

storage

30 0 / 30 0 / 30 0 / 30

3-3 Others

Test
No. of

Samples
24 h

Pressure cooker

test
20 0 / 20



[5]  Handling Precautions

5-105

5.7 Power Transistor Reliability

5.7.1 Overview

(1) Features

Power transistors are, literally, devices for handling power. In general, this includes
any transistor whose allowable collector dissipation Pc is greater than 1 watt.
However, the characteristics and packages of power transistors vary greatly accotding
to the application.

Typically, power transistors are classified by application (switching or audio) or by
package (molded or canister). In recent years, the molded package has become
prevalent because of its price competitiveness and improved reliability. There are also
a few products which are supplied in a composite module package.

Power transistors of up to Pc = 300 W are available. Since power transistors are at the
heart of application equipment, they must be highly reliable.

(2) Chip structures

Power transistors are fabricated with a chip structure appropriate for the intended
application. The various chip structures used in power transistors are listed in Table
5.7.1.

Table 5.7.1  Power transistor chip structures

Transistor Type Features Application Structure

Mesa
High withstand voltage
Wide SOA

Large current-switching capacity
Low-frequency power amplification

Figure 5.7.1

Epitaxial
Low saturation voltage

Good hFE linearity
High-speed switching
High-frequency power amplification

Figure 5.7.2
Planar

Triple-
diffused

Wide SOA
Low price

Low-frequency power amplification
Figure 5.7.2

(Note)

Note: Epitaxial wafer is used.

I

N+

Collector

Glass

Base electrodeEmitter electrode

N+

P

    
Collector 

N+ 

N 

P 

SiO2 

Base electrode 

Emitter electrode 

N+ 

Figure 5.7.1  Glass mesa structure Figure 5.7.2  Epitaxial planar structure



[5]  Handling Precautions

5-106

(3) Internal structure

Power transistors normally have a source, gate and drain as internal chip electrodes.
Generally, the collector is mounted on a frame that extends directly from the underside
of the chip to serve as an external lead, while the emitter and base are connected to
their respective leads with bonding wires.

A molded package transistor whose collector and heat sink are isolated from each
other (referred to as an “isolated” transistor) has its frame coated with resin to an
overall, even thickness of several hundred µm. This structure ensures that the specified
isolation voltage is met and at the same time offers low thermal resistance. In addition,
when a heat sink is not used, the high thermal conductivity of the resin provides better
collector dissipation than conventional products.

Chip

Heat sink

Bonding wire

          
Chip

Heat sink

Bonding wire

Figure 5.7.3  PW-Mold package type Figure 5.7.4  TO-220 (AB) package type

Chip

Heat sink

Bonding wire

Figure 5.7.5  TO-126 (IS) package type

5.7.2 Usage Precautions

(1) Absolute maximum ratings

Transistor absolute maximum ratings are stipulated for three parameters: voltage,
current and temperature. For power transistors, however, there are other equally, if not
more, important parameters that must be considered, as described below.

(a) Safe operating area

The operating range within which transistors can be used safely without fear of
breakdown or degradation is referred to as the safe operating area (SOA).

The operating range of transistors is normally limited by their maximum ratings,
including the maximum voltage, maximum current and maximum collector
dissipation. Power transistors used in large amplifiers or circuits with inductive
loads, however, can degrade or break down even if operated within their absolute
maximum ratings. This is attributable to a transistor phenomenon known as
secondary breakdown.
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The discovery of the secondary breakdown phenomenon in 1958 by C. G. Thornton,
C. D. Simmons, et al gave rise to the concept of the safe operating area (SOA) as a
means, along with the absolute maximum ratings, of regulating the operating range of
transistors. An understanding of this concept is essential for designing economical, yet
highly reliable, transistor circuits.

1) Secondary Breakdown

The secondary breakdown (S/B)
phenomenon occurs when certain voltage-

current points (VS/B, IS/B) are reached (as
the current continues to increase after a
primary breakdown) and the collector-to-
emitter voltage drops rapidly. This causes
a transition into the low-impedance region
(within several µs or less) as shown in
Figure 5.7.6, often resulting in a
breakdown of the transistor.
This phenomenon is observed regardless
of whether the base-to-emitter is forward-
or reverse-biased, and can occur with

either VCEO or VCBO. However, the S/B

onset points (VS/B, IS/B) do vary with base bias conditions and line up along the locus
of the S/B curve as shown in Figure 5.7.6. Although the diagram shows the S/B
phenomenon for a DC case, because the S/B onset characteristic is highly energy-
dependent, the S/B curve varies with the applied pulse width.

The S/B curve defines the SOA with respect to the pulse.
Figure 5.7.7 shows the relationship between the pulse
width of the applied power and the S/B. As the pulse
width becomes narrow, the secondary breakdown energy
(called triggering energy, referring to the energy that is
absorbed by the transistor until S/B is reached) decreases,
and the S/B power tolerance increases.

Figure 5.7.7  Pulse width vs. ES/B and PS/B

Although many possible causes have been suggested for the S/B phenomenon, most
people agree today on a theory which holds that a high-temperature area (called a “hot
spot”) is generated by a local concentration of current. This hot spot gives rise to what
is known as “local thermal runaway”. The current concentration is said to be caused by
a voltage drop in the base area or an unstable temperature distribution in a lateral
direction.

Current concentration can also be triggered by an uneven base width, a junction defect,
or uneven fitting of the chip to the heat sink.
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Figure 5.7.6  Collector output characteristics
and S/B curves
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(b) Forward-bias S/B

When the base-to-emitter interval is forward-biased, a hot spot due to local current
concentration is generated in the emitter periphery.

This is because the base current flowing immediately below the emitter in the lateral
direction causes a voltage drop in the base area such that the emitter outer-edge
sections are biased more than the emitter’s central center section. For this reason,
minority carrier injection into the base occurs mostly in the emitter periphery, and
current density increases as shown in Figure 5.7.8 (a) and (b). Carriers crossing the
collector depletion layer cause the power dissipation to increase and thus cause local
heating. This, in turn, causes further current concentration. A vicious circle is thus
entered, leading eventually to the generation of a hot spot and subsequent secondary
breakdown.

Emitter

cba

Base

Collector

Electrodes

  
cba

Bias level

Vd

+ VBE

Figure 5.7.8 (a)  Planar transistor Figure 5.7.8 (b)  Emitter forward bias

The relationship between S/B and transistor
characteristics

Current IS/B at the S/B onset point of a forward-
biased transistor is closely related to the
transistors’ characteristics. When carriers
injected from the emitter to the base area reach
the collector junction, they generally fan out
into a cone-shaped pattern. If the carriers take a
long time to traverse the base area (this is

known as the transit time), current density will have decreased by the time the carriers
reach the collector depletion layer, making it less likely for a hot spot to occur. Since
the carrier transit time is determined by the base width and the drift field in the base

area, IS/B exhibits a strong correlation with the transistor frequency characteristic.

Thus, fT and IS/B have a negative correlation irrespective of the pulse width, as shown
in Figure 5.7.9.

Transition frequency fT

S
/B

 o
ns

et
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ow
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 I
S

/B

IS/B =
K1

  fT

K: Constant determined by

base width, drift field and

bias condition

Figure 5.7.9  Relationship between IS/B and fT

Base-emitter diode threshold
voltage. The hatched section
indicates the area in which
minority carriers
are injected from the emitter.

Vd:

Vd
cba

Figure 5.7.8 (c)  Emitter reverse bias
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(c) Reverse-bias S/B

When the base-to-emitter interval is reverse-biased, the voltage drop in the base
area is in a direction opposite to that of the forward-biased case.

For this reason, carriers injected from the emitter concentrate in the center section
of the emitter as shown in Figure 5.7.8 (c). (This carrier concentration varies
according to transistor type. For ring-shaped emitters, it occurs at a single spot at
the center of the emitter; for comb-shaped emitters, it occurs along a line at the
center of the emitter.)

The greater the reverse bias, the more the carriers tend to concentrate in a very
small centeral area. Accordingly, the triggering energy of a reverse-biased
transistor (the energy absorbed by the transistor up until S/B occurs) is much
smaller than that of a forward-biased transistor. Since the carriers injected from
the emitter fan out as they propagate (as described above for the forward-biased
case), the base width and the presence of a drift field in the base area have a
strong correlation with S/B.

Reverse-biased S/B occurs mainly when there is an inductive load. The triggering

energy FS/B depends on the inductance L and on the base-emitter conditions, as
shown in Figure 5.7.10.
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Inductance L
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Base-emitter voltage VBE
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Figure 5.7.10  Dependency of S/B triggering energy ES/B upon
load inductance and base-emitter conditions

(d) S/B phenomenon and transistor destruction/degradation

When S/B occurs, its effects on the transistor’s electrical characteristics vary
according to the type of the transistor. If the applied power is small, or the current
is shut off the moment S/B occurs, the changes in electrical characteristics will be
slight, or degradation will be gradual, even if S/B occurs repeatedly. In other
cases, however, the transistor can break down after even a single occurrence of
S/B.

A general symptom that can be observed in the electrical characteristics of
transistors degraded or destroyed by S/B is a softening in the waveform, or a

complete shorting out of VEBO, VCBO or VCEO. In particular, a short between the
emitter and collector is a typical symptom degradation caused by S/B, often
associated with a hole melting from emitter to collector. In other cases, S/B
tolerance can be reduced, even while other electrical characteristics appear

normal, when the S/B triggering energy ES/B becomes small, causing the
transistor to become more susceptible to breakdown.
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(e) Reverse-bias SOA

Reverse-bias SOA cannot be determined as easily as forward-bias SOA. In L-load
switching circuits, TV horizontal deflection output circuits and DC-DC
converters, however, the base-emitter junction is often subjected to high voltages
while it is reverse-biased. Therefore, the reverse-bias SOA is an important
consideration in these circuits.

Figure 5.7.11 (a) shows the IC-L characteristic of a transistor under certain

reverse-bias conditions. Figure 5.7.11(b) and (c) show the derating of IC for

changes in VBB2 and RBB2 respectively. In simple L-load circuits, the SOA can
be obtained directly from Figure 5.7.11. For more complex circuits, however, the
effective value of L must first be determined before Figure 5.7.11 is consulted.

Normally, it is very difficult to find a generally applicable SOA like the one
shown in Figure 5.7.11. For users too it is difficult to determine the SOA by
obtaining the effective L from actual circuits and then using the diagrams. For

this reason, Toshiba specify the SOA for its products in terms of IC, VBB2 and

RBB2 according to the products’ intended use of the transistor and reject devices
whose load characteristics do not conform to Figure 5.7.12 or which exhibit
oscillation or flickering in the load curve.
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Figure 5.7.11  Examples of reverse-bias SOA
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Figure 5.7.12  Example of reverse-bias SOA
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(f) Maximum fastening torque

When using power transistors with a heat sink, take care not to apply excessive
torque when tightening screws, to avoid cracking the plastic case or the transistor
chip itself.

Table 5.7.2 lists recommended screw-tightening torques for each package type.

Table 5.7.2

Package Screw-Tightening
JEDEC Toshiba Name Torque (max)

TO-220AB 2-10A1A 0.6 N · m
TO-220 (IS) 2-10L1A 0.6 N · m
TO-126 (IS) 2-8H1A 0.4 N · m
TO-3P 2-16B1A, C1A 0.8 N · m
TO-3P (NIS) 2-16F1A 0.6 N · m
T0-3P (L) 2-21F1A 0.8 N · m
TO-3P (H) (BS) 2-16D2A 0.8 N · m
TO-3P (H) (IS) 2-16E2A 0.6 N · m

(g) Derating

Since power transistors handle large amounts of power, power loss within the
device due to operating conditions or circuit design can cause the junction

temperature Tj to increase, narrowing the safe operating area (SOA). When
designing circuits that use power transistors, you must derate the maximum
values as shown below. Figure 5.7.13 shows some sample derating curves.

(a) Epitaxial type
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Figure 5.7.13  Temperature deratings for SOA

Note: The above diagram shows examples of SOA temperature derating in the

thermal-limited and S/B-limited areas for epitaxial and triple-diffused

structure transistors respectively.
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(2) Applying usage precautions

Attaching a heat sink

A heat sink is required for power transistors when the supply voltage, current load or
ambient temperature is such that heat radiation is required. When using a heat sink,
the following precautions must be observed to obtain sufficient heat radiation and to
avoid applying stress to the transistor.

(a) Applying silicone grease

Apply a coating of silicone grease between the heat sink and the transistor to
improve heat conductivity. Be sure to apply the coating thinly and evenly; do not
use too much. Also, be sure to use a non-volatile grease, as volatile greases can
crack over time, lessening the heat radiation capability.

If the transistor is housed in a plastic package, the fype of silicone grease to be
applied between the heat sink and the device must be selected carefully. With
some types of greases, the base oil separates and penetrates the plastic package,
significantly reducing the useful life of the device.

Two recommended silicone greases in which base oil separation is not a problem
are YG6260 from Toshiba Silicone and G746 from Shinetsu Chemical Ind.

The above precautions do not apply to metal-sealed transistors.

 
Silicone grease 
(thin, even coating) Transistor 

Insulating mica 

Heat sink 

Figure 5.7.14  Applying a coating of silicone grease

(b) Fastening screws

Do not fasten screws with forces greater than the maximum fastening torque
listed in Table 5.7.2. Excessive tightening can damage the device.

Figure 5.7.15 shows how thermal resistance becomes sufficiently saturated at a
certain tightening torque.
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Figure 5.7.15

(c) Heat sink screws and screw hole diameters

When mounting power transistors on a circuit board, use the recommended
mounting method and screws.

Do not use flush head screws as they subject the device to abnormal stresses.
When using tapping screws, be careful of the debris that gets generated and make
sure that the screw holes diameters of the in the heat sink are not too large.

(d) Clamping with a band

When clamping one or more power transistors with a band, as shown in
Figure 5.7.16, remember that the metal fixture applies pressure to the mold
package. In some cases, the resulting mechanical stress can cause the device to
break down.
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Note also that with isolated transistor types, the dielectric strength of the upper surface
of the mold (the marked surface) is not guaranteed. Hence the transistor may not be
properly insulated from the heat sink.

When considering the band clamp method for attaching power transistors to a circuit
board, please consult first with the Toshiba Engineering Division.

Heat sink

Band

Figure 5.7.16

Destruction

Power transistors are often used in applications where the capacity on the power
supply side is large and the impedance (load) between the power transistor and power
supply is very low.

If a power transistor fails for some reason under these conditions, it can explode,
generating a loud noise and possibly producing smoke or fumes.

When safety problems or other problems are anticipated, consider installing a
protective unit and an appropriate fuse.

5.7.3 Reliability Characteristics

(1) Reliability test results

As an example, Table 5.7.3 lists the results of reliability tests conducted for a
plastic-encapsulated low-frequency power amplification transistor. Table 5.7.4 lists
the failure criteria applied during the test.

A basic method frequently used to evaluate reliability is to have a device in operation
and to perform a detailed analysis of the changes that occur in its characteristics over
time. As an example, Figure 5.7.17 to 5.7.19 show changes in characteristics that
occurred during the lifetime test described in Table 5.7.3.

Test results indicate that, although the device was rated as its absolute maximum
ratings, the initial characteristics remained stable over a long period of time.
Consequently, this device can be expected to offer high reliability in an application.
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Table 5.7.3  Reliability test results for 2SD1411A low-frequency power amplification transistor

1. Tables of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Soldering heat 
EIAJ ED-4701 

A-133A 
Tsol = 260°C, 10 s, once 

Immersed 1.5 mm from 

base of device 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−55°C (30 min)~25°C (5 min) 

~150°C (30min)~25 °C (5 min) 
100 cycles 

Thermal shock 
EIAJ ED-4701 

B-141 
0°C (5 min)~100°C (5 min) 50 cycles 

Moisture 

resistance 

EIAJ ED-4701 

B-132 

25°C~65°C~−10°C, 90%~98% 

RH 24 h/cycle 
10 cycles 

1-2 Mechanical Environment Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

4 times each in 3 directions 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

14,700 m/s2, 0.5 ms 

3 times each in 4 directions 
 

Constant 

acceleration 

EIAJ ED-4701 

A-123 

196,000 m/s2, 1 min 

once each in 6 directions 
 

Solderability 
EIAJ ED-4701 

A-131A 
230°C, once in 5 s 

95% or more 

(using flux) 

Lead intensity 
EIAJ ED-4701 

A-111A 

Load 10.0 N, bent 3 times 

0°~90°~0° 
No separation or 

breakage allowed 

1-3 Lifetime Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Steady-state 

operation 

EIAJ ED-4701 

D-311 
PC = 2.0 W , Ta = 25°C 1,000 h 

High-temperature 

reverse bias 

EIAJ ED-4701 

B-313 
Ta = 150°C, VCB = 80 V 1,000 h 

High-temperature 

storage 

EIAJ ED-4701 

B-111 
Ta = 150°C 1,000 h 

High-temperature 

and high-humidity 

storage 

EIAJ ED-4701 

B-121 
Ta = 60°C, RH = 90% 1,000 h 

1-4 Others 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Autoclave test 
(PCT) 

EIAJ ED-4701 

B-123 
Ta = 121°C, 203kPa, RH = 100% 24 h 
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Table 5.7.4  Failure Criteria for 2SD1411A

2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measurement Conditions Minimum Criteria Maximum Criteria

Collector cut-off

current
ICBO VCB = 100 V, IE = 0  USL × 2

Emitter cut-off

current
IEBO VEB = 5 V, IC = 0  USL × 2

DC amplification

rate
hFE VCE = 1 V, IC = 1 A LSL × 0.8 USL × 1.2

Collector-to-emitter

breakdown voltage
VCEO IC = 50 mA, IR = 0 LSL × 0.9 

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Thermal Environment Tests and Mechanical Environmental Tests · Others

Test
No. of

Samples

No. of

Failures
Test Item

No. of

Samples

No. of

Failures

Soldering heat 32 0 / 32 Vibration 11 0 / 11

Temperature

cycling
50 0 / 50 Mechanical shock 11 0 / 11

Thermal shock 32 0 / 32
Constant

acceleration
11 0 / 11

Solderability 11 0 / 11Moisture

resistance
32 0 / 32

Lead intensity 11 0 / 11

3-2 Lifetime Tests

Test
No. of

Samples
168 h 500 h 1000 h Remarks

Steady-state

operation
30 0 / 30 0 / 30 0 / 30

High-temperature

reverse bias
30 0 / 30 0 / 30 0 / 30

High-temperature

storage
30 0 / 30 0 / 30 0 / 30

High-temperature

and high-humidity

storage

30 0 / 30 0 / 30 0 / 30

3-3 Others

Test
No. of

Samples
24 h

Autoclave test

(PCT)
20 0 / 20
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 (2) Reliability characteristics (thermal fatigue test)

Application circuits which use power transistors usually generate heat due to
power loss in the device itself, as described earlier. Consequently, a heat radiation
design sufficient to suppress heat to the derated junction temperature must be
determined based on the device’s absolute maximum ratings. Depending on the
application circuit, however, the usage duty (the number of times the device
switches on and off within a period of time) may be more important than the
conduction time. In such cases, reliability is measured by the yardstick referred to
as the thermal fatigue test (TFT).

The thermal fatigue test (TFT) is generally used to evaluate the effects of change
in the case temperature (or junction temperature) combined with repeated on-off
cycling. The test is performed in an environment that simulates actual working
conditions by turning the power on and off repeatedly within a short period of
time (1 ∼ 3 minutes) while forced cooling is applied.

Failure modes in the test include  degradation of the chip mounting,  chip
cracking, and  bonding faults. These failures are thought to be due to the
differences between the thermal expansion coefficients of the materials used in
the construction of the power transistor (e.g. the silicon of the chip, the molding
material, solder and chip coating material) causing internal mechanical stress in
the device.
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Figure 5.7.17 shows TFT data for a 2SD1406 transistor housed in a TO-220 (IS)

package. At junction temperature ∆Tj = 100°C, 10% defects occur after about
300k cycles (the device is turned on and off 300,000 times).

The 2SD1406 is designed for general-purpose applications at a rated voltage of
60 V at 3 A. A common application is as a series regulator. Assuming that it is
applied in a typical household TV under the following conditions:

Tj(max) ≤ 120°C, Ta(max) = 60°C

Set life = 5 years, Usage frequency = 5 times / day

∆Tj = 60°C and n = 9k cycles is required.

Considering the performance capabilities shown in Figure 5.7.17, the 2SD1406
can be used under the conditions given above without problems.
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Figure 5.7.17  2SD1406 TFT performance curve
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5.8 Power MOSFET Reliability

5.8.1 Overview

(1) Features

In principle, power MOSFETs operate using majority carriers only. Consequently,
they are free of the minority carrier problems found in bipolar transistors, such as the
storage effect during switching and secondary breakdown. Power MOSFETs are
therefore suited to high-speed, low-loss, high-power applications.

Unlike current-controlled bipolar transistors, MOSFETs are voltage-controlled
devices. They are driven by the voltage applied between the gate and the source.
Very little power is required to drive MOSFETs.

As majority carrier devices, MOSFETs do not have a storage time delay (tstg) due
to carrier storage effects. They are therefore capable of high-frequency
switching.

Current concentration in the high-voltage area for bipolar transistors can lead to
junction breakdown due to the secondary breakdown phenomenon. Hence, the
operating conditions must be carefully taken into account if bipolar transistors
are to be used safely. Power MOSFETs do not exhibit the secondary breakdown
phenomenon thanks to their on-resistance temperature characteristics.
Accordingly, they have a larger safe operating area.

(2) Device types

Power MOSFETs are broadly classified into three types, as shown in Figure 5.8.1.

Figure 5.8.1 (a) shows a horizontal structure that is an extended version of the small-
signal MOSFET. High-voltage tolerance is obtained by using ion-implantation
technology which adds a high-resistance layer to the MOSFET’s offset-gate structure.
This structure’s extended channel length reduces the degree of integration possible,
however.

Figure 5.8.1 (b) shows a double-diffusion structure also known as DMOS (double-
diffusion MOS). A channel is formed through double diffusion and high-voltage
tolerance is obtained.

With this DMOS structure, the gate area (which becomes the channel) and the source
area (which is doped to high concentration) are diffused onto a high-resistance drain
substrate through the same diffusion window. This creates a difference in diffusion
depth between the two areas which results in the formation of the channel. The
impurity distribution profile derived from the formation of the gate-drain junction
exhibits a lower concentration in the drain area.

When a drain voltage is applied, the depletion layer extends further towards the drain
area than the channel area. Even with a very short channel, this prevents reduction of
the withstand voltage due to punch-through effects, and makes high-voltage-tolerant
design possible.

In addition, the degree of circuit integration possible can be increased by adopting a
structure in which the drain electrode is taken from the bottom of the substrate; this is
advantageous for high-power design. Moreover, since this structure is equivalent to a
power MOSFET and a junction FET connected in cascade, it helps reduce the power
MOSFET’s feedback capacitance.

Unlike the two other types of MOSFET, shown in Figures 5.8.1 (a) and (c), the DMOS
structure allows high-voltage-tolerant, high-current design and can be mass produced
cheaply. As a result, the DMOS structure is widely used in power MOSFETs intended
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for use in general-purpose power amplifiers.

Figure 5.8.1 (c) shows a structure designed to obtained higher levels of circuit
integration and low ON-resistance by the formation of a vertical channel in the shape
of a U-groove gate. This structure is used in power MOSFET applications where a
relatively low voltage-tolerance level is acceptable.

Drain 

Source Gate 

Drain 

Gate Source 

Gate 
Source 

Drain 

(b) Double-diffusion structure (a) Horizontal structure (c) Trench structure 

Figure 5.8.1  Power MOSFET structures

(3) Internal structure

Power MOSFETs normally have the source, gate and drain as their internal chip
electrodes. Generally, the drain is mounted on a frame that extends directly from the
reverse side of the chip to serve as an external lead, while the source and gate are
connected to their external leads by bonding wires.

5.8.2 Usage Precautions

(1) Absolute maximum ratings

(a) Drain-to-source voltage absolute maximum rating

There are four ways to stipulate the power MOSFET drain-source breakdown
voltage. Which one one selected depends on the gate-to-source bias condition
mode. Figure 5.8.2 shows each of these modes.

VDSS: Voltage between drain and source when the gate-to-source junction
is zero-biased (the first “S” in the suffix denotes “short”.)

VDSX: Voltage between drain and source when the gate-to-source junction

is biased (for example, when VGS = −3 V is applied to an N-channel
MOSFET.)

VDSR: Voltage between drain and source when the gate-to-source junction
is shunted with a resistor (the “R” in the suffix denotes “shunt
resistor”.)
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With any fully enhanced power MOSFET (other than a trench-shaped structure
MOSFET), for each of the voltage-tolerance modes described above, it can be

established that VDSS ≈ VDSX. Furthermore, if an arbitrary resistance is inserted

between gate and source, the measured drain-to-source breakdown voltage (in VDSR

mode) should differ little from that in VDSX mode. Hence, it can be established that

VDSS ≈ VDSX ≈ VDSR.

With a trench-shaped structure power MOSFET, the voltage tolerance decreases in

proportion to the voltage applied across the gate and source in VDSX mode. Therefore,

it can be established that VDSS ≥ VDSX.

Consequently, none of the drain-to-source breakdown voltages can be greater than the

stipulated VDSS absolute maximum rating. For this reason, the VDSS rating must never
be exceeded, even momentarily.

 VDSO: Voltage between the drain and source when the gate is open

In VDSO mode, since the input impedance of the power MOSFET itself is
very high, the gate-to-source junction may be biased to the ON state by
electrostatic induction or other factors, damaging the device. You should
therefore not use power MOSFETs in this mode.
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(a) VDSS mode (b) VDSX mode (c) VDSR mode (d) VDSO mode 
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Figure 5.8.2  Drain-to-source breakdown voltages

(b) Gate-source voltage absolute maximum rating

VGSS: When the drain and source are shorted together, the voltage between gate and

source (VGSS) is attributed to the breakdown voltage of the gate oxide film. The

VGSS maximum rating stipulated for a MOSFET is chosen so as to offer a
practical voltage amplitude and good reliability.
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(2) Precautions when using power MOSFETs

(a) Effects of wiring inductance

The switching speed of power MOSFETs is greater than that of bipolar transistors
by more than an order of magnitude. They can therefore out-perform most other
devices in high-speed switching applications. However, this high-speed switching
characteristic can result in a voltage surge when stray inductance Ls is applied to
the FET, unless care is taken in the circuit design. The amplitude of Vsurge is

Vsurge = −(Ls + L's)  di / dt + VDD

This value must have sufficient
margin relative to the drain-to-source

breakdown voltage VDSS.
Furthermore, to repress this value,
di/dt or stray inductance must be
reduced. Since reducing di/dt is
contrary to the original purpose of
high-speed switching, the only
available method is to reduce the
stray inductance.

Figure 5.8.3  Stray inductance in circuit

Using copper plating instead of wire reduces inductance significantly. Similarly,
the voltage surge can be effectively reduced by inserting a capacitor in the circuit
as shown in Figure 5.8.3.

(b) Parasitic oscillation

Power MOSFETs tend toward parasitic oscillation more easily than bipolar
transistors. This is attributable to their inherently large high-frequency gain
characteristic. Parasitic oscillation occurs when the input-to-output coupling is
strengthened by gate-to-drain capacitance (Crss) or stray wiring capacitance (Cs),
thereby converting the impedance on the input side to a load resistance. This
problem can be prevented by performing any of below 3 methods and so on, or
any combination of them.

Insert a ferrite
bead.

Use thick wire and
reduce the wiring length.

Insert a resistor
to reduce gain.

Figure 5.8.4  Methods for preventing parasitic oscillation

Ls'

Ls

VDD
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Use thick wire and reduce the wiring length. Use of twisted-pair wiring
prevents cross-talk between the gate and drain signals, and other signals.

Insert a ferrite bead as close to the gate as possible.

Insert a resistor in series with the gate.

(c) Applying forward bias to achieve a safe operating area

Unlike bipolar transistors, power MOSFETs do not cause secondary breakdown
in high-voltage regions because their structure frees them from the problem of
current concentration. The safe operating area (SOA) of a power MOSFET can be
expressed in terms of thermal resistance using the equal power load lines shown
in Figure 5.8.5, with pulse width as the parameter.
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Figure 5.8.5  Safe operating area (SOA) of power MOSFET

Since power MOSFETs do not exhibit a narrowing of the SOA in high-voltage
regions, they can be operated safely within the drain-to-source breakdown
voltage.

 (d) Reverse-bias safe operating area

When switching devices are used in power-switching applications, such as a
switching power supply, the load becomes inductive. This presents a problem for
a reverse-bias SOA, just as it does for a forward-bias sort.

When bipolar transistors are used in switching power supplies, switching loss is
usually reduced by forcibly reverse-biasing the base-to-emitter junction in order

to reverse the flow of base current IB2 and thus reduce tstg and tf. However, if IB2
increases, the reverse-bias SOA narrows, as shown in Figure 5.8.6  Reverse bias
safe operating area, thus limiting the load line operating range at the time that the
device is switched off.
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Figure 5.8.6  Reverse bias safe operating area

For power MOSFETs too, reverse-biasing the gate-to-source junction will reduce

tf and tOFF. Since power MOSFETs are majority-carrier devices and inherently
free from carrier storage effects, they generally do not suffer from a narrowing of

the reverse-bias SOA when the gate reverse voltage VG increases. (In the case of
trench-shaped structure power MOSFETs, however, with their lower voltage
tolerance, the reverse-bias SOA does narrow.)

(e) Source-to-drain diode

A power MOSFETs with the double-diffused structure contains an equivalent
diode between source and drain. The tolerance ratings for the diode forward

current IDR (Figure 5.8.7) and reverse breakdown voltage are the same,

respectively, as those for the drain current ID and drain-to-source voltage VDSS of
the power MOSFET.
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The reverse recovery time trr of the equivalent diode is comparable to that of a fast recovery
diode (FRD). Figure 5.8.8 shows a typical circuit used to measure the reverse recovery time
of the equivalent diode in a power MOSFET.

 Drain-to-source voltage  VDS  (V)  

−1 
0 
1 

S 

G IDR 

D 

Common surce 
T = 25°C 

−1.2 −1.0 −0.8 −0.6 −0.4 −0.2 0 
0 

10 

8 

6 

4 

2 

D
ra

in
 r

ev
er

se
 c

ur
re

nt
  

I D
R

  
(A

) 

VGS = 3 V 

Figure 5.8.7  IDR vs. VDS characteristics
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IDR: 0
VF

IDR

IDR: 0
Qrr

10%

trr

Irr
Vrr
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(b) Reverse recovery time (trr) and electrical charge (Qrr)

*Qrr = trr × Irr
1
2

¡
¡
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.
.

Figure 5.8.8  Circuit for measuring the reverse recovery time of the
equivalent diode in a power MOSFET
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Power MOSFETs in motor control circuits are generally used in a bridge configuration with
upper and lower devices that turn on and off alternately.

Assume in Figure 5.8.9 that power MOSFETs Q1 and Q4 turn on, allowing current A to

flow. When FETQ1 turns off to control the motor speed, current B flows back through the

flywheel diode in FETQ2. When FETQ1 turns on again, a short-circuit current flows from

FETQ1 to FETQ2 for a duration of trr until the flywheel diode of FETQ2 reverse-recovers,
generating heat due to power loss. Consequently, when using power MOSFETs for motor

control, you should choose devices whose equivalent diodes have a short trr. Although in
principle the internal equivalent diode of a power MOSFET can be used as the flywheel
diode, depending on the operating conditions some applications may require an external
diode as shown in Figure 5.8.10.

Q4

Q3
A

B

Q2

Q1

M

Figure 5.8.9  Motor control circuit using power MOSFETs

SB

FR
Di

C

R

D

Figure 5.8.10 Method for connecting Figure 5.8.11  Parasitic transistors in
an external diode power MOSFETs

In addition to the above problems, power MOSFETs also contain an equivalent parasitic
bipolar transistor between the drain and the source, as shown in Figure 5.8.11. In the
MOSFET transition state (from ON to OFF), the voltage drop due to the resistance R
between base and emitter causes the parasitic transistor to turn on, leading to a breakdown
of the device. The presence of this parasitic transistor must therefore be taken properly into
account.
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When using the internal equivalent drain-to-source diode of a power MOSFET in a motor
control application, power supply application or inverter lighting application, it is
recommended that you use a rugged device type such as a menber of the π-MOS III Series.
This will ensure superior destruction-proof performance, as shown below.

Measurement circuit
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(f) Avalanche withstand capability

When power MOSFETs are used as high-speed switching devices, circuit
inductance or floating inductance may cause large surge voltages to be applied
across the drain and source on turn-off. On occasion a surge voltage may exceed
the device’s maximum rating.

Customarily, a surge absorption circuit is incorporated to protect the devices.
However, due to requirements for reduced part counts and increased equipment
miniaturization, there are increasing calls for manufacturers to dispense with
surge absorption circuitry and to enable power MOSFETs to absorb these surges,
even when they exceed the device’s maximum rating.

To satisfy these requests, Toshiba has developed a series of products which can
withstand surges in excess of their breakdown voltage levels.

(1) Guaranteed avalanche withstand series

Toshiba guarantees the avalanche withstand voltages for the devices in the
following series.

Withstand Voltage Guaranteed Series

16 to 200 V L2-π-MOS V

π-MOS V

U-MOS I & II

400 to 600 V π-MOS V

800 to 1000 V π-MOS III

(2) Assurance method

The amount of avalanche energy at Tch = 150°C is stipulated for each device
individually in its maximum ratings.

When using these devices, ensure that the amount of avalanche energy does
not exceed the maximum rating.

The actual verification procedure is described below.

 Calculating channel temperature Tch (max)

Calculate the rise in device channel temperature during avalanche. Find
the total temperature rise, including constant losses and switching losses,
and confirm that the channel temperature cannot exceed 150°C.

A: Single pulse

∆Tch = 0.473 • V (BR) DSS • IAR • θch-a

V (BR) DSS : Drain-source breakdown voltage

IAR : Avalanche current

θch-a : Thermal resistance between channel and air during
avalanche
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B: Repetitive pulse

∆Tchpeak = A0 [
T

T1 θch-a+(1−
T

T1 ) • rth (T+T1) −rth (T) + rth (T1)]

P0 : Initial value

T1 : Pulse width

T : Cycle

θch-a : Thermal resistance between channel and air

Note: For more information on calculating Tch peak for a repetitive pulse,
please refer to Section 5. Heat Sink Design in Chapter [3] Power
MOSFETs in Detail in the Power MOSFET Databook.

 Calculating avalanche energy EAS

Make sure that the avalanche energy component during operation does not
exceed the maximum energy rating.

EAS =  • L • IAR
2
 • (1

2
V (BR) DSS

V (BR) DSS − VDD
)

EAS : Avalanche energy

IAR : Avalanche current

V (BR)DSS: Drain-source breakdown voltage

VDD : Power supply voltage

If conditions  and  above are satisfied, the device will not exceed its
maximum rating.
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(g) About parallel connections

Since power MOSFETs are free fom thermal runaway and exhibit excellent
thermal stability, parallel connections are easier than with bipolar transistors.

Because bipolar transistors are driven using the base current, they are susceptible

to collapsed current balance due to variations in base-to-emitter voltage VBE.
Parallel connections with bipolar transistors are therefore problematic.
Conversely, because power MOSFETs are voltage driven, their operation requires
only that a drive voltage be appied to each parallel-connected FET, making
parallel connections much easier with power MOSFETs. However, when
controlling high power at high speed, it is important to choose the appropriate
device and to consider variations in device characteristics. It is particularly
important to avoid current concentration, even during transient states, when
connecting devices in parallel, so as to ensure that current flows evenly to all
devices under all load conditions.

Generally, unbalanced current usually occurs at ON and OFF switching
transitions. This is attributable to variations in the switching time of power
MOSFETs. This variation is known to depend largely on the gate-to-source

threshold voltage Vth. That is, the smaller the Vth, the faster the MOSFET turns

on; and the larger the Vth, the slower the MOSFET turns on. It has also been

observed that the larger the Vth, the faster the MOSFET cut-off speed; and the

smaller the Vth, the slower the cut-off speed. From this observation, it can be
assumed that current imbalance occurs because current concentrates in FETs

whose Vth is small at both turn-on and turn-off. This king of a current imbalance
can cause excessive power dissipation in the device, leading to breakdown. Thus,

taking into account the variations in switching times at transitions, the Vth of all
parallel-connected power MOSFETs should be equal.

Vth of Q1 is smaller than that of Q2.

Q1 Q2ID1 ID2

VDD

Symmetrically
arranged and wired
accordingly

Input and output
must be
separated.

ID1

ID2

Figure 5.8.12  Current imbalance in parallel-connected MOSFETs
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5.8.3 Reliability Characteristics

(1) Reliability test results

As an example of reliability-testing, Table 5.8.1 shows results of reliability tests
performed using a plastic-encapsulated power MOSFET.
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Table 5.8.1  Reliability test results for the 2SK2233 power MOSFET

1. Tables of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Referred 

 Standard 
Test Conditions Remarks 

Soldering heat 
MIL-STD-750C 

Meshod 2031. 1 
Tsol = 260°C, 10 s, once 

Up to 1.5 mm from the 

root shall be immersed 

Temperature 

cycling 

MIL-STD-202E 

Meshod 107C 

−55°C (30 min)~25°C (5 min) 

~150°C (30min)~25 °C (5 min) 
100 cycles 

Thermal shock 
MIL-STD-750C 

Meshod 1056. 1 
0°C (5 min)~100°C (5 min) 50 cycles 

Moisture 

resistance 

MIL-STD-202E 

Meshod 106E 

25°C~65°C~−10°C, 90%~96% 

24 h/cycle 
10 cycles 

1-2 Mechanical Environment Tests 

Test Item 
Referred 

Standard 
Test Conditions Remarks 

Vibration (Variable 

frequency) 

MIL-STD-750C 

Meshod 2056 

100 Hz~2000 Hz~100 Hz 

196 m/s2  

3 oorientations, 4 each 

 

Shock 
MIL-STD-750C 

Meshod 2016.2 

14,700 m/s2, 0.5 ms 

4 oorientations, 3 each 
 

Constant 

acceleration 

MIL-STD-750C 

Meshod 2006 

196,000 m/s2, 1 min 

6 oorientations, 1 each 
 

Solderability 
MIL-STD-750C 

Meshod 2026. 4 

230°C, 5 s Once 

Flux (WW rosin Type) 

Solder coverage shall be 

no less than 95% 

Lead integrity 
MIL-STD-750C 

Meshod 2026. 3 
Weight = 10.0 N, 0°~90°~0° Bend, 3 times 

Not fallen off and not 

broken 

1-3 Lifetime Tests 

Test Item 
Referred 

Standard 
Test Conditions Remarks 

Steady-state 

operation 

MIL-STD-750C 

Meshod 1026. 3 
PC = 9.3 W , Ta = 25°C Using heat radiator 1,000 h 

High-temperature 

reverse bias 

MIL-STD-750C 

Meshod 1032. 1 
Ta = 150°C, VGS = 80 V 1,000 h 

High-temperature 

storage 

MIL-STD-750C 

Meshod 1032. 1 
Ta = 150°C 1,000 h 

High-temperature 

and high-humidity 

storage 

MIL-STD-750C 

Meshod 103B 
Ta = 60°C, RH = 90% 1,000 h 

1-4 Others 

Test Item 
Referred 

Standard 
Test Conditions Remarks 

Pressure cooker 

test 

EIAJ ED-4701 

B-123 
Ta = 121°C, 203kPa (RH = 100%) 24 h 



[5]  Handling Precautions

5-133

2. Failure Criteria (Ta = 25°C) 

Parameter Symbol Measurement Conditions Minimum Criteria Maximum Criteria 

Gate leakage 

current 
IGSS VGS = ±16 V, VDS = 0   USL × 2 

Drain cut-off 

current 
IDSS VDS = 60 V, VGS = 0  USL × 2 

Drain-Source 

breakdown voltage 
VDSS ID = 10 mA, VGS = 0 LSL × 1.0  

Drain-Source 

ON-resistance 
RDS (ON) VGS = 10 V, ID = 25 A  USL × 1.2 

USL: Upper specification limit; LSL: Lower specification limit 

 

3. Test Results 

3-1 Thermal Environment Tests and Mechanical Environmental Tests 

Test 
No. of 

Samples 

No. of 

Failures 

 
Test Item 

No. of 

Samples 

No. of 

Failures 

Soldering heat 32 0 / 32 
 Vibration (Variable 

frequency) 
11 0 / 11 

Temperature 

cycling 
50 0 / 50 

 
Shock 11 0 / 11 

Thermal shock 32 0 / 32 
 Constant 

acceleration 
11 0 / 11 

 Solderability 11 0 / 11 Moisture 

resistance 
32 0 / 32 

 Lead intensity 11 0 / 11 

 
3-2 Lifetime Tests 

Test 
No. of 

Samples 
168 h 500 h 1000 h Remarks 

Steady-state 

operation 
30 0 / 30 0 / 30 0 / 30 

 

High-temperature 

reverse bias 
30 0 / 30 0 / 30 0 / 30 

 

High-temperature 

storage 
30 0 / 30 0 / 30 0 / 30 

 

High-temperature 

and high-humidity 

storage 

30 0 / 30 0 / 30 0 / 30 

 

 
3-3 Others 

Test 
No. of 

Samples 
24 h 

Pressure cooker 

test 
20 0 / 20 
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(2) Reliability characteristics (oxide film breakdown over time)

The gate electrodes of power MOSFETs are insulated with thin oxide film. Although
the intrinsic breakdown voltage of the oxide film can reach as much as 10 MV/cm, that
of ordinary oxide film is usually closer to 6 MV/cm ∼ 8 MV/cm. This means that for a
gate oxide film thickness of about 1000 Å, the breakdown voltage is around 60 V ∼ 80
V.

However, even when the applied voltage is below the dielectric breakdown level, over
time the oxide film insulation degrades, leading to an eventual breakdown when it is
subjected to a strong electrical field. This phenomenon is referred to as time-
dependent dielectric breakdown (TDDB).

Figure 5.8.13 is an example showing the lifetime of an actual power MOSFET relative
to the TDDB phenomenon. The diagram shows how, at low temperature, when the
applied voltage between the gate and the source is reduced, the lifetime of the power
MOSFET is extended proportionately. In this example the lifetime of the power

MOSFET can be is lengthened by as much as 20 times by lowering VGS by around 5
V. This suggests that for applications where reliability is critical, care must be taken
not to set the gate-to-source voltage unnecessarily high.
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Figure 5.8.13 Life of gate oxide film for the 2SK1544 power MOSFET
(cumulative failure rate 1%)
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5.9 IGBT Reliability

5.9.1 Overview

(1) Features

Insulated-gate bipolar transistors (IGBTs) combine the high input impedance and high-
speed characteristics of MOSFETs and the high-conduction (low saturation voltage)
characteristics of bipolar transistors. The structure of an IGBT is very much like that
of the Toshiba π-type MOSFET shown in Figure 5.9.1. The difference is the N+-N-

substrate used in MOSFETs, as opposed to the P+-N− type used in IGBTs. The IGBT
fabrication steps following the substrate process are therefore basically the same as
those for MOSFETs. Figure 5.9.2 shows an equivalent circuit for the IGBT structure
and its device symbols.

 

Gate 

N+ N+ 

P P 

P+ 

N- 

P+ 

Collector 

Emitter 
Al 

RN(MOP)

C
C

G

E

G

(a) Equivalent circuit (b) Device symbols

E

Figure 5.9.1  Basic structure of an IGBT Figure 5.9.2  Equivalent circuit and device
symbols for IGBT

The thyristor formed by the PNP-NPN transistor coupling in the equivalent circuit
shown in Figure 5.9.2 has its base and emitter shorted by aluminum patterning to
prevent it from operating, and is therefore considered irrelevant to the basic operation
of the IGBT. Consequently, the equivalent circuit and basic operating mechanism of
an IGBT are the same as those of a MOS-input inverted darlington transistor
comprised of an N-channel enhancement MOSFET in the input stage and a PNP
transistor in the output stage.

To turn on an IGBT, first gate voltage is applied to form a channel, then the base
current of the PNP transistor is supplied to inject the minority carrier into the N− layer
region. Conversely, to turn off an IGBT, the channel is removed to shut down the base
current until all minority carriers are gone. Thus, IGBTs are driven in exactly the same
way, and have the same high input impedance characteristics, as MOSFETs.
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(2) Packages

IGBTs come in various packages - SMD, TO-3P (L), SIP and MODULE - as
appropriate to their intended application. These packages are illustrated in Figure 5.9.3
to 5.9.6.

(a) SMDs are used for configuring inverter circuits requiring relatively small current
capacity, such as in a hybrid IC. (See Figure 5.9.3.)

(b) A TO-3P (L), a printed circuit board insertion type device, is used in household
equipment applications requiring relatively small current capacity (8 A to 60 A).
(See Figure 5.9.4.)

(c) A SIP is a package for a three-phase inverter circuit configured using six IGBTs.
It can be installed easily on printed circuit boards, although the current capacity is
slightly less than that the TO-3P (L) type described above. (See Figure 5.9.5)

(d) A MODULE consists of IGBTs mounted on a Direct Bond Copper (DBC) board
for insulation purposes and can be fitted to a heat sink easily. Standardized for a
rated current of up to 600 A, this package type is particularly suited to high-
power applications. (See Figure 5.9.6.)
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1, 3, 6, 8, 11, 13 Gate
4, 9, 14 Collector
2, 7, 12 Collector, emitter
5, 10 Emitter
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Figure 5.9.5  Example of a SIP package Figure 5.9.6  Example of a MODULE package

5.9.2 Usage Precautions

(1) Absolute maximum ratings

(1.1)Definition of absolute maximum ratings

Maximum permissible values for current, voltage and power dissipation in IGBTs
are stipulated as absolute maximum ratings.

When designing application circuits using IGBTs, a good understanding of IGBT
absolute maximum ratings is important to ensure that the devices operate
efficiently and reliably.

Semiconductor devices such as IGBTs are characterized by the fact that their
electrical characteristics are very sensitive to temperature. Absolute maximum
ratings are specified in order to guard against problems which could arise as a
result of device temperature sensitivity. For example, a rise in the ambient
temperature while a certain voltage is applied to an IGBT will increase the
leakage current, resulting in increased power consumption in the IGBT. This will
cause a further rise in temperature, which will cause a further increase in the
leakage current, and so on, leading to a vicious cycle that can eventually cause the
IGBT to break down.

To guarantee a useful lifetime and the reliability of an IGBT, no absolute
maximum rating must ever be exceeded, even momentarily. These values are
stipulated according to the material, design and manufacturing conditions of the
IGBT type and package.
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Furthermore, absolute maximum rating values for any two or more parameters
must not be applied to the IGBT simultaneously.
If an IGBT is used under conditions that exceed the absolute maximum ratings,
its characteristics can be degraded to an unrecoverable level. Therefore, when
designing circuits, you should consider all factors that can cause absolute
maximum ratings to be exceeded, such as fluctuations in the supply voltage,
variations in the characteristics of electrical components, circuit adjustments,
changes in ambient temperature and fluctuations in input signals.
The primary IGBT absolute maximum ratings include the current in each lead
(emitter, gate and collector), voltages across the leads, power dissipation, junction
temperature and storage temperature. These characteristics are closely interrelated
(in such a way that they cannot be considered in isolation) and vary according to
external circuit conditions.

(1.2) Voltage ratings
IGBT input/output circuits are configured so that the emitter electrode is a
common terminal. Stipulated voltage ratings, two of which are described below,
include the collector-to-emitter and gate-to-emitter voltages as well as the bias
relationships between terminals.

VCES : This is the maximum collector-to-emitter voltage when the gate is
shorted. Unlike in bipolar transistors, it does not vary with the gate bias,

so the relationship VCES ≈ VCER ≈ VCEX can usually be established.

VGES : This is the maximum gate-to-emitter voltage when the collector is
shorted. It is related to the withstand voltage capability of the gate oxide
film. The VGES maximum rating is normally stipulated as ±20 V. This
results in a practical voltage amplitude and gives good reliability.

(1.3) Current ratings

Maximum current ratings are normally stipulated for IFmax (flywheel diode

current) and ICmax, which flow in the collector electrode. They are determined
for an IGBT taking the following into account:

The current at the specified saturation voltage
The current at the specified forward voltage (for flywheel diodes, the forward
voltage.)
The current at which the internal lead wire melts

(1.4) Temperature ratings
The maximum junction temperature Tj(max) depends on the materials from which
the IGBT is fabricated. This rating must be considered not only in terms of device
operability, but also in relation to reliability factors such as degradation and
expected lifetime.
Degradation in IGBTs generally accelerates as the junction temperature increases.

It is known that average lifetime Lm (hours) and junction temperature Tj (K) have
the following relationship, where A and B are special IGBT constants.

log (Lm) = A + ........................................................... (1)

The guaranteed lifetime of a device therefore depends on the junction temperature
upper limit determined in accordance with failure rate and reliability. This is set
at 150°C for IGBTs.

Storage temperature Tstg stipulates the temperature range within which devices
can be safely stored while not in operation. It is determined by the characteristics
and reliability of the constituent materials and is set at 125°C for IGBTs.
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(1.5) Power rating

Power is dissipated from an IGBT by being converted to thermal energy. This
causes the internal temperature of the device to rise.

The internal power dissipation of an IGBT at a certain operating point is
determined as follows:

            collector dissipation PC = IC • VCE.

The maximum power dissipation PC(max) of an IGBTs is limited by several
parameters. These are the maximum junction temperature Tj(max), described
above, and the reference temperature To the ambient temperature Ta or case
temperature Tc). It is known that these parameters are related to thermal

resistance Rth as follows:

PCmax = Tjmax + To

Rth
....................................................... (2)

Thermal resistance is a physical quantity indicating the propensity of the junction
temperature to rise per unit amount of power dissipation; in other words, it
describes the ability of a device to radiate heat. For large power dissipation, the

IGBT must have a large PCmax. Good heat radiation design is extremely
important, especially for IGBTs that handle large currents.

(2) Precautions for circuit design

(2.1) Collector-to-emitter voltage VCES

The collector-to-emitter voltage is measured after shorting the gate and emitter to
one another.

If it exceeds the break-over voltage, fault symptoms, such as degraded voltage
tolerance, can appear. The applied voltage must therefore not exceed the
maximum rating.

(2.2)Collector-to-emitter sustaining voltage VCEX(SUS)

The collector-to-emitter sustaining voltage is measured using the circuit shown in
Figure 5.9.7.

-

+

(a) Measuring

IC

Read IC

VCE (SUS)

(b) Load

Figure 5.9.7  Measuring VCE (SUS)

VCE(SUS) varies with measurement, read-out and base bias conditions. For a

small collector current especially, VCE(SUS) will be small since the reactance
energy is insufficient to generate the junction capacitance in the P-N junction of
the IGBT.



[5]  Handling Precautions

5-140

(2.3) Safe operating area

The operating range within which IGBTs can be used safely without fear of
breakdown or degradation is referred to as the safe operating area (SOA).

The operating range of IGBTs is normally limited by their absolute maximum
ratings, including maximum voltage, maximum current and maximum collector
dissipation. IGBTs used in circuits with inductive loads, however, can degrade or
break down even if operated within their absolute maximum ratings. This is
attributable to a phenomenon in IGBTs known as secondary breakdown (S/B).

Secondary breakdown (S/B) phenomenon

The secondary breakdown (S/B) phenomenon occurs when certain voltage-

current points (VS/B, IS/B) are reached (as the current continues to increase
after a primary breakdown) and the collector-to-emitter voltage drops rapidly.
This causes a transition into the low-impedance region (within 3 or 4 µs) as
shown in Figure 5.9.8, often resulting in breakdown of the IGBT.

VCE

ICBO LOCUS

COMMON EMITTER AVALANCHE BREAKDOWN

I C

CONSTANT IB CURVE

DC S/B CURVE

POST S/B CURVE

Figure 5.9.8  Collector output characteristics and S/B curves

Forward-bias SOA (FBSOA)

When the gate-to-emitter junction is positively biased and the collector-to-
emitter voltage is low, the collector current flows mostly in the channel area
immediately below the gate and secondary breakdown does not occur. When
the collector-to-emitter voltage rises, however, the collector current in the
parasitic transistor can increase, resulting in secondary breakdown.
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Reverse bias SOA (RBSOA)

When the gate-to-emitter is negatively biased, current flow in the channel area
immediately below the gate ceases, allowing load current to pass through the
parasitic transistor.
Since the base of the parasitic transistor is always positively biased, reverse-
bias SOA in IGBTs is not dependent on gate bias as is the case with bipolar
transistors.

The reverse-bias SOA is measured using the circuit shown in Figure 5.9.9.

Peak voltage VCE is suppressed with a clamping circuit which changes the
pulse width of the DC power supply or gate signal in order to set the collector

current IC.

The reverse-bias SOA can be obtained by plotting the measured points.

(a) Measuring

IC

VCE

(b) Output

I C

VCE

(c) Load

Figure 5.9.9  Reverse-bias SOA

(2.4) Latch-up

When a current that exceeds the rated current flows in an IGBT for a short time
only, the device will not normally break down.

However, if the applied gate-to-emitter voltage is sufficiently high, such that the

sum of parasitic transistor injection efficiencies (αPNP + αNPN) for the induced
current is greater than 1, the IGBT will act as a thyristor and will be unable to
turn off, even when the gate-to-emitter voltage goes negative. This phenomenon
is called latch-up. If there is a large power dissipation when latch-up occurs, the
IGBT may break down. If the power dissipation is small, the IGBT can be
operated without fear of breakdown, provided that voltage is applied only after
the junction temperature has been lowered by reducing the collector current to
zero by some other means.
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(2.5) Switching characteristics

IGBTs are used mainly as switches in chopper and inverter circuits.

When an IGBT is used in this type of application, the load always includes
reactors or other inductive components and the IGBT’s turn-on / turn-off
switching characteristics can deviate rather widely from the electrical
characteristics listed in the IGBT’s datasheet.

Figure 5.9.10 shows the turn-on and turn-off waveforms for an IGBT in an
inverter circuit.

 

VCE 

Turn-on waveform 

Eon = 0 

 VCE, 
IC = 0 

IC 

Eon 
(turn-on 
power loss) 

 

VCE, 
IC = 0 

Turn-off waveform 

Eoff = 0 

VCE 

IC 

Eoff 
(turn-off 
power loss) 

Figure 5.9.10  Switching waveforms for the MG50J2YS1

When a turn-on signal is applied to the IGBT, the collector current first increases
and then peaks, then the collector-to-emitter voltage drops.

When a turn-off signal is applied to the IGBT, the collector-to-emitter voltage
increases until it exceeds the supply voltage, then the current decreases.

The collector-emitter voltage during the current increase and the overshoot at
turn-off time are not determined by the IGBT alone but also by the circuit’s
wiring inductance. It is therefore important to minimize wiring inductance in the
circuit. It is also necessary to evaluate the IGBT under actual mounted conditions

when calculating its switching losses (EON and EOFF).
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(2.6) Rate of rise of collector current (di/dt)

The di/dt of an IGBT is determined by its gate drive conditions and is not limited
by the turn-on characteristic of the IGBT. However, if di/dt becomes large, the
diF/dt of the fast-recovery diode (FRD) increases simultaneously such that an
overvoltage can be generated by the FRD, or the FRD can break down due to
back power.

For an IGBT to be used safely, di/dt must be lowered. However, excessive
lowering increases the turn-on power loss (Eon). Determine the gate resistance

RG which was used to measure the device switching characteristic from the

specifications, and choose RG to be approximately twice that value to determine

the di/dt rate. If the surge voltage is still excessively large, try a different RG
value or add a snubber circuit.

(2.7) Parallel operation

When using IGBTs in a parallel configuration, the collector current temperature

coefficient generally has a negative effect so that when channel temperature Tch

in one of the devices rises, the gate-to-emitter voltage VGE increases, suppressing
the collector. This makes thermal runaway unlikely and prevents current
concentration.

However, this only applies to static operation. When the parallel-connected
devices are used in a switching application, attention should be paid to the
following problems:

Oscillation phenomenon

Current imbalance due to differences in VGE(OFF), VCE(sat) and tf
Current imbalance caused by wiring and other external circuits

Oscillation phenomenon

When IGBTs are “directly” connected in parallel, the gate-to-emitter voltage
causes oscillation, inducing an oscillation collector current.
This oscillation current can cause the device to go out of control or increase
the power dissipation. An effective countermeasure is to insert a resistor of
several to 10 Ω in series with each gate electrode, as shown in Figure 5.9.11.
In the case of modules, since wiring runs directly from the printed circuit
board to the electrode leads, care must be taken to ensure that the wiring is not
too long and that the inserted resistor is connected as close as possible to the
module electrode.

G

RG1 Q1

RG2

Q2

D

S

Figure 5.9.11
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Current imbalance due to differences in VGE(OFF), VCE(sat) and tf

When connecting IGBTs that have different VGE(OFF), VCE(sat) and tf values
in parallel, be sure to connect the gate electrodes in parallel using the method
described in  above. Since the gate voltages of all parallel-connected IGBTs
are the same, if the gain (Yfs) is assumed to be the same, the collector currents
will vary from IGBT to IGBT.

Furthermore, if one of the devices has a low VGE(OFF) and more collector
current flows in this device, its channel temperature Tch may increase above
that of the other devices. This causes the gate-to-emitter voltage to increase
and the collector current to decrease with the result that the device is saturated
with a current of arbitrary value.

However, if the difference in divided current is large at turn-off time, current
concentration occurs (rapidly-increasing current flows in one device), causing
the collector-to-emitter voltage change rate dv/dt to be exceeded. Hence it is

required that VCE(sat) be approximately equal in all connected devices. For

some large-current IGBTs, VCE(sat) ranges for parallel use are given in the
datasheets as shown in Table 5.9.1.

Table 5.9.1  VCE(sat) classification

Symbol VCE(sat) Range

A 2.0 V ∼ 2.5 V

B 2.3 V ∼ 2.8 V

C 2.6 V ∼ 3.1 V

D 2.9 V ∼ 3.4 V

E 3.2 V ∼ 3.7 V

F 3.5 V ∼ 4.0 V

(2.8) Isolation voltage (VISOL)

IGBT modules are insulated by a DBC circuit board so that multiple modules can

be fitted to a single heat sink. The guaranteed isolation voltage is 2500 VAC; if a
higher value is required, consult Toshiba or one of its distributors.
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(2.9) Protective measures and circuitry

Table 5.9.2 lists protective measures for IGBTs.

General-purpose IGBTs do not suffer from latch-up as long as the gate voltage is
held below the rated value. If this value is exceeded, however, the short-circuit
current increases, making protection against latch-up difficult. A stable gate
power supply is therefore required.

Table 5.9.2  IGBT protection measures

1. Overcurrent
protection

Latch-up prevention

Instantaneous overcurrent

(a) Appropriate gate voltage
(b) Fast overcurrent detection

(a) Gate-controlled cut-off
(b) Gate soft cut-off

Ground overcurrent
Overload

2. Gate voltage protection Lack of gate voltage
Gate overvoltage

3. Safe operating area Voltage clamp
Snubber circuit

4. Overvoltage protection DC bus overvoltage

5. Protection against
excessive temperature rise

Fin temperature rise

Load short-circuit protection

When using transistors in bridge-type inverter circuits, the short-circuit
capability of the devices is a very important factor.

Figure 5.9.12 compares the short-circuit capabilities of bipolar junction
transistors (BJTs) and IGBTs. For BJTs, the SOA characteristic deteriorates
rapidly in the high-voltage regions. Conversely, IGBTs exhibit constant power
characteristics, even in the high-voltage regions. Since the short-circuit SOA
expands as the pulse width is narrowed, it is desirable in the case of IGBTs to
detect and suppress overcurrent quickly (within 10 µs).
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Figure 5.9.12  Short-circuit SOA characteristic

There are essentially four methods for protecting against short-circuit overcurrent.

Figure 5.9.13 shows the first, and simplest, protection method, whereby the gate signal
is turned off quickly when an overcurrent level is detected. Good overcurrent-detection
and noise-resistance techniques are important for high-speed overcurrent detection.
Detection methods using magnetic balancing hole CT as a current sensor, or
alternating CT to detect current capacitor discharge are available.

Current detector
Fault detection

Gate amplifier

ON/OFF signal

Figure 5.9.13  High-speed overcurrent detection method

A second method is shown in Figure 5.9.14. This is referred to as the test pulse
protection method. The gate signal is maintained as long as the load is normal. In the
event of an abnormality, the gate signal is shut off and the test pulse is held active.
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Figure 5.9.14  Test pulse protection method

Figure 5.9.15 shows a third method, referred to as the gate change rate control
protection method, in which the circuit is driven by a high-speed ON/OFF signal as
long as the load is normal. In the event of overcurrent, the signal is switched to a slow-
falling gate voltage so that the faulty current is shut off with a gentle transition to
reduce surge voltage due to -Ldi/dt. This allows the protective cut-off to occur within
the safe operating area.

High-speed gate

ON-delay
Voltage

detection

VG

Low-speed gate

VG VG

Fault detection

When normal When overcurrent is detected

ON/OFF signal

Figure 5.9.15  Gate change rate control protection method
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The fourth method, shown in Figure 5.9.16, is referred to as the gate control protection
method. When overcurrent is detected, the gate voltage is reduced to limit the faulty
current. If the condition persists for a certain amount of time, the gate signal is turned
off. This method is resistant to noise and is highly reliable.

Fault

detection

Gate drive

ON-delay

VG

Voltage

detection

Gate control

(a)

(b)
IGBT rating 1000 V, 25 A

50 A / div

5 µs / div

VG

ON/OFF signal

Figure 5.9.16  Gate control protection method

Figure 5.9.17 shows an example in which the short-circuit SOA is increased using the
gate control protection method.
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Figure 5.9.17  Expanded short-circuit SOA
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Snubber circuit

The IGBT is an easy-to-use power device due to its large safe operating area.
However, its tendency to produce a surge voltage when switched rapidly
usually requires that a clamping circuit be used.

Figure 5.9.18 shows typical snubber circuits and their main features. The
circuit in (a) is the simplest, consisting of only a single capacitor connected
between the DC terminals. It is suitable for 50-Aclass IGBTs.

The circuit in (b) can absorb a large surge energy with a resistance condenser
diode (RCD) snubber at high speed via a capacitor. It is suited to medium-
capacity converters.

The circuit in (c) has RCD snubbers fitted to each arm so that devices
connected in parallel will have a pair of snubbers for every one or two devices.
Note that diodes should have fast and soft recovery characteristics. To combat
a surge voltages that develop across a diode, connect a ceramic capacitor in
parallel to the diode.

The circuits in (d) and (e) have a large snubbing effect but exhibit large power
dissipation as well. They are used in applications where the IGBT has a small
voltage withstand margin.

Which snubber circuit is most appropriate depends on the main circuit wiring
and gate drive methods, since the surge voltage varies according to these
methods. Therefore, it is important to understand snubber circuit
characteristics, and to determine circuit constants experimentally, before
choosing a protective circuit or a combination of protective circuits for an
application.
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Figure 5.9.18  Snubber circuits and features
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Temperature protection

Because IGBT modules handle high current, they dissipate a lot of power and
therefore require a heat sink for cooling.

To minimize the size of the heat sink, forced air cooling or pipe line cooling
must be used. However, if a cooling failure occurs, such as a fan stopping, the
device temperature can rise rapidly, leading to breakdown.

To prevent IGBT damage due to a cooling system failure, use a temperature
detector, such as a thermistor or thermostat, to shut off the current supply to
the load when the temperature is found to be too high. After resolving the
problem, operation can be resumed.

(2.10) Mounting precautions (modules)

(1) Soldering

Since the terminals of IGBT modules are usually fastened ontoor screwed
into the PCB, soldering is not recommended.
If a wire must be soldered to a fastener terminal, 6/3 solder should
normally be used and the soldering operation should be completed within
three seconds at 350°C or within ten seconds at 260°C.

(2) Fastener terminals

Fastener terminals are usually provided for the gate and emitter terminals.
Receptacles that adhere to accepted standards should be used to avoid
imparting stress to the terminals.

(3) Screw terminals

When tightening screw terminals, be careful not to apply too much torque,
as too much torque can wrench off the screw or overstress the casing.

Also, the contact thermal resistance can become saturated if the specified
torque is exceeded. To avoid these problems, use the recommended
tightening torques listed in Table 5.9.3.

Table 5.9.3  Recommended tightening torque

Screw or Bolt Torque (Maximum)

M4 × 0.7 1.0 N • m ∼ 1.4 N • m 2 N • m
M5 × 0.8 2.0 N • m ∼ 2.5 N • m 3 N • m
M6 × 1.0 2.6 N • m ∼ 3.0 N • m 3 N • m
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(4) Bends in terminals

The copper electrode fastener terminals of IGBT modules are fabricated
by bending. Excessive stress or repeated bending can break them.

To prevent this, use a busbar and insert a fixed terminal when making
external connections.

When connecting wiring, be careful not to apply excessive force to the
fastener terminals.

(5) Heat radiation lubricant

YG6260 heat radiation lubricant from Toshiba Silicone is recommended
for semiconductor devices.

Apply a thin, even (100 µm ∼ 200 µm) coating of lubricant.

The heat radiating plane of IGBT modules is already insulated, so there is
no need to use an insulating type of heat radiation lubricant. S-200 from
Nikkei Jointal is adequate.

(6) Flatness and contact thermal resistance

The flatness of IGBT modules is within ±120 µm for two-hole products
and ±150 µm for four-hole products. The average flatness is negative (that
is, the surface is concave). Contact thermal resistance versus flatness for
products with concave surfaces is shown in Figure 5.9.19 and 5.9.20.

±120 µm MAX

Screw fastening Torque : 30 kg • cm

Silicone Lubricant: YG6260 (Made by TOSHIBA SILICONE) : MG100J2YS1
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Figure 5.9.19  Relationship between flatness of heat sink and contact
thermal resistance (for two-hole mounting)
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Figure 5.9.20  Relationship between flatness of heat sink and contact
thermal resistance (for four-hole mounting)

The contact thermal resistance increases when the surface is excessively concave. This
is because the air gap between the heat sink and the device degrades the heat radiation
effect.

(7) Attaching an IGBT to a heat sink

Make sure that the heat radiation surface os the IGBT and the contact surface of
the heat sink are both clean and free of foreign matter.

Apply a coating of radiation compound to the IGBT heat radiation plane, as
shown in Figure 5.9.21(a).

Place the IGBT on the heat sink. Press on it with your hand to spread out the
compound and to purge any air between the IGBT and the heat sink, as shown in
Figure 5.9.21 (b).

Following the sequence shown in Figure 5.9.21(c), use a manual or motor-driven
screwdriver to lightly tighten the four screws to the recommended torque of
0.4 N • m ∼ 0.9 N • m. Do not use an air-driven screwdriver as this will make it
difficult to control the fastening torque.

Firmly tighten the screws in the order shown in Figure 5.9.21(d) to a torque of
2.0 N • m, using a manual or motor-driven screwdriver.
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Wipe off excess radiation compound seeping out from between the module and
heat sink as shown in Figure 5.9.21(e). If there is only a small amount of excess
compound seeping out from between the devices, then the amount of compound
used was probably insufficient. In this case, detach the module, add more
compound and then reattach it.
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Figure 5.9.21  Procedure for attaching an IGBT to a heat sink

(8) Dropping

The DBC board of an IGBT module is ceramic (Al2O3 or AlN) and can be cracked or
damaged by the impact if it is dropped. This is especially true for high-current IGBTs
because of their heaviness. When handling unpacked, single-IGBT modules, be careful
not to drop them. Packaged modules can be handled in the same way as other products.

(9) ESD (electrostatic discharge)

IGBTs have a gate structure similar to that of MOSFETs. Full antistatic measures
should be taken to protect them.
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5.9.3 Reliability Characteristics

(1) Reliability test results

As an example, Table 5.9.4 lists the results of reliability tests performed on a
MODULE-type IGBT. Table 5.9.5 lists failure criteria applied during the tests.

Table 5.9.4  Reliability test results for the MG100Q2YS50 IGBT

1. Tables of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−40°C (60 min)~25°C (5 min) 

~125°C (60min)~25 °C (5 min) 
10 cycles 

1-2 Mechanical Environment Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

3 oriention 4 times in each direction 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

4900 m/s2, 0.5 ms 

4 oriention 3 times in each direction 
 

Lead intensity 
(power supply pin) 

EIAJ ED-4701 

A-111 
Clamping torque 3.0 N, 5 s 

No separation or 

breakage allowed 

1-3 Lifetime Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Intermittent 

operation 

EIAJ ED-4701 

D-312 
∆Tc = 60°C, ON 5 min, OFF 7 min 5000 cycles 

High-temperature 

reverse bias 

EIAJ ED-4701 

B-313 
Tc = 125°C, VCE = 960 V, VGE = −20 V 1,000 h 

High-temperature 

storage 

EIAJ ED-4701 

B-111 
Ta = 125°C 1,000 h 

High-temperature 

and high-humidity 

storage 

EIAJ ED-4701 

B-121 
Ta = 60°C, RH = 90% 1,000 h 
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Table 5.9.5  Failure Criteria for the MG400Q1US1 IGBT

2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measurement Conditions Minimum Criteria Maximum Criteria

Gate leakage

current
IGES VGE = ±20 V, VCE = 0  USL × 2

Collector cut-off

current
ICES VCE = 1200 V, VGE = 0  USL × 2

Collector-to-emitter

breakdown voltage
VGE (OFF) VCE = 5 V, IC = 100 mA LSL × 0.8 USL × 1.2

Collector-to-emitter

saturation voltage
VCE (sat) IC = 100 A, VGE = 15 A  USL × 1.2

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Thermal Environment Tests and Mechanical Environmental Tests · Others

Test
No. of

Samples

No. of

Failures
Test Item

No. of

Samples

No. of

Failures

Temperature

cycling
20 0 / 20 Vibration 5 0 / 5

Mechanical shock 5 0 / 5

Lead intensity 5 0 / 5

3-2 Lifetime Tests

Test
No. of

Samples

168 h

(2000

cycles)

500 h

(5000

cycles)

1000 h Remarks

Intermittent

operation
6 0 / 6 0 / 6 

High-temperature

reverse bias
6 0 / 6 0 / 6 0 / 6

High-temperature

storage
5 0 / 5 0 / 5 0 / 5

High-temperature

and high-humidity

storage

5 0 / 5 0 / 5 0 / 5

The number in brackets ( ) denotes the number of cycles in a single test.
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(2) Reliability characteristics

a) Power cycles

IGBTs are sometimes used in the AC servos for machine tools and in other
similar applications.

In this type of application, transistors are repeatedly switched ON/OFF in a short
cycle, large currents flow and junction temperature changes rapidly. Figure 5.9.22
shows the relationship between size of junction temperature change and number
of power cycles. This demonstrates that the smaller a device’s temperature
change range, the longer its lifetime in terms of power cycles. Therefore, when

designing a circuit, it is important to minimize ∆Tj.

Power cycling failures are caused by bonding wire opens.

b) Intermittent operation

When IGBTs are used in an inverter to drive a motor, changes in case temperature
occur. However, such changes are very slow, since typically there are few power
cycles per day.

To evaluate device tolerance in this type of application, it is necessary to adjust
the ON/OFF frequency so that case temperature will vary slowly. To verify
tolerance, Toshiba has carried out various intermittent operation tests, as shown
in Figure 5.9.4.
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∆Tj  (°C) 

ton = 2 s, toff = 18 s 
Tc = 50°C (constant) 
IE = 150 A 

Figure 5.9.22  Example of power cycle lifetime characteristic for MG100Q2YS50
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5.10 Rectifier and Thyristor Reliability

5.10.1 Overview

(1) Features

Rectifiers

The term rectifier generally refers to rectifier diodes, but can also include
constant-voltage (zener) diodes.

Thyristors

This is a type of rectifier that is normally off (i.e. does not pass current), but turns
on when a trigger signal is applied to the gate.

SSRs are semiconductor switching circuits take advantage of the gate-controlling
property of thyristors.

The above are broad classifications. Devices in these categories can be further
classified according to differences in characteristics as follows:

Rectifiers General-purpose rectifiers 

  Single units 

  Bridges 

 Fast-recovery diodes 

  Fast-recovery diodes (FRD) 

  Super fast-recovery diodes (S-FRD, V-FRD) 

  High-speed, high-efficiency diodes (HED) 

  Schottky barrier diodes (SBD) 

 Power zener diodes 

 Modules 

Thyristors Phase-control thyristors 

 High-di/dt-withstanding thyristors 

 TRIACs 

 AC switches 

 SSRs/drivers 

  SSRs 

  I/O interfaces 
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(2) Packages

Table 5.10.1 lists typical packages classified by device type.

Table 5.10.1  Typical packages classified by device type

 
Classification Package Typical Products 

DO-41SS S5688G, 1ZB6.8, 05NU42, 1DL42, 1GWJ43 

DO-15L 1R5GZ41, 2Z12, TVR4N, 1R5GU41 

DO-201AD 3GZ41, 3JH41, 2NU41, 3JU41, 3DL41, 3GWJ42 

TO-92 SF0R1G42, SF0R3J42, RSF05G1-1P, SM1G43 

TO-220AB SF8J41A, SM8J45 

TO-220NIS 5DL2CZ47A, 5GWJ2CZ47, SF8JZ47, SM8JZ47 

TO-3P (N) 20DL2C41A, 30GWJ2C42 

Plastic mold 

TO-3P (N) IS SF25JZ51, SM25JZ51 

 S-Flat CRG02, CRS01, CRH01, CRZ47 

 I-Flat U1GC44, U1BZ12, U05JH44, U1JU44, U1GWJ44 

 Power-Mini U1GWJ2C42, URSF05G49-1P 

 Power-Mold U2GWJ2C42, U3GWJ2C42 

 

S
ur

fa
ce

-m
ou

nt
 

TO-220SM USF8J48, USM8J48 
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Typical rectifier and thyristor packages 

 

 

 

 

 

 

 

 

 

 

 
 

DO-41SS TO-92 TO-220AB 

3-3F1A 13-5A1A 12-10E1A 

 

 
TO-220NIS TO-3P (N) TO-3P (N) IS 

12-10C1A 12-16D1A 2-16F1B 

 

 1. Anode 

2. Cathode 

1.Anode 

2.Anode 
3.Cathode 

1. Anode 
2. Anode 
3. Cathode (common) 

Cathode 
mark 

Note: Since the pin configurations of different rectifiers and thyristors vary, for detailed information
please refer to the specific datasheets for the device in question.
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3-2A1A 3-4D1A 12-5A2A 3-5E1A 

 

 

 

 

12-7B2A 12-10D2A 

  

 

 1. Anode 

 2. Cathode 

 1. (∼) 

 2. (∼) 

 3. (+) 

 4. (−) 

 1. Anode 

 2. Cathode 

 3. Open 

1. Anode 

2. Cathode 

3. Anode 

I-Flat H-Flat Power Mini 

Power Mold TO-220SM 

 1. Anode 

 2. Cathode 

S-Flat 
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(3) Structure

Figure 5.10.1 shows the structure of a device, using the DO-41SS as an example.

1. Lead
2. Pellet
3. Encapsulation
4. Mold resin
5. Solder

Figure 5.10.1  Internal structure of DO-41SS

This structure includes a pellet  affixed to lead  using solder .

The encapsulation  and mold resin  protect the pellet against external forces,
thermal stress and chemicals, in order to help maintain stable device characteristics.
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5.10.2 Design Precautions

(1) Absolute maximum ratings

Definition of absolute maximum ratings

Maximum permissible values for current, voltage, reverse voltage and power
dissipation in devices (diodes, rectifiers, thyristors and triacs) are stipulated as
absolute maximum ratings.

When designing application circuits using semiconductors, a good understanding of
absolute maximum ratings is important to ensure that the devices operate efficiently
and reliably.

Semiconductor devices are unique in that their electrical characteristics are extremely
sensitive to temperature. Absolute maximum ratings are specified in order to guard
against problems which could arise as a result of device temperature sensitivity.

To guarantee a useful lifetime and the reliability of a device, no absolute maximum
rating must ever be exceeded, even momentarily. These values are specified according
to the material, design and manufacturing conditions of the device type and package.

Table 5.10.2 lists sample absolute maximum ratings.

Table 5.10.2  Sample maximum ratings

Parameter Symbol Rating Unit 

Repetitive peak OFF-state voltage SF8GZ47 400 

Repetitive peak reverse voltage SF8JZ47 

VDRM 

VRRM 600 
V 

Non-repetitive peak OFF-state voltage SF8GZ47 500 

Reverse Voltage (without repetition,  

<5 ms, Tj = 0 ∼ 125°C) 
SF8JZ47 

VRSM 
720 

V 

Average ON-state current  

(Half Sinewave, Tc = 72°C) 
IT (AV) 8 A 

RMS ON-state current IT (RMS) 12.6 A 

Peak 1-cycle surge ON-state current  ITSM 120 (50 Hz) A 

I2t Limit I2t 72 A2s 

Critical rate of rise of ON-state current (Note 1) di/dt 100 A / µs 

Peak gate power dissipation PGM 5 W 

Average gate power dissipation PG (AV) 0.5 W 

Peak forward gate voltage VFGM 10 V 

Peak reverse gate voltage VRGM −5 V 

Peak forward gate current IGM 2 A 

Junction temperature  Tj −40 ∼ 125 °C 

Storage temperature   Tstg −40 ∼ 150 °C 

Isolation voltage (AC 60 secs) VISOL 1500 V 
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Rated voltage of rectifiers

Select devices with a rated voltage 1.5 to 2 times the tolerable peak reverse
voltage per device, taking into account power supply fluctuations, transformer
regulation and switching surges.

In general, for 100 VAC lines, Toshiba recommends that devices be able to
withstand 400 V; for 200 VAC lines, the devices should be able to withstand
600 V.

Excessive reverse voltage due to surges from external sources or load circuits can
result in excessive reverse power dissipation in the avalanche region, causing the
device to degrade or break down. In such cases, a surge-absorption circuit must
be added for protection.

Rated current of rectifiers

The rated current of a rectifier is stipulated as the average value of a 180° half-
sine waveform. This is the maximum current that can be supplied to the device
under the specified conditions without exceeding the maximum junction

temperature Tj(max).

The current which actually flows in a device is determined by the load conditions
(steady-state current and transient current) and the cooling conditions.

For capacitive loads, the conduction angle of the device is narrow in comparison
with the angles for resistive and inductive loads.

It should be noted that, even for the same average current value, the peak current
in a capacitive load can become considerably larger than that in a resistive load,
resulting in an effective current that is larger than the rated value.

Also, with capacitive loads, transient currents of up to 10 times the peak value of
the steady-state current can occur when the power supply shuts the circuit off. For
this reason, choose devices that are rated for a large surge current. Particularly in
applications where a device is repeatedly turned on and off, the expected increase

in junction temperature (∆Tj) must be estimated from the IF-vF and rth (j-c)-t

characteristics, so as to ensure that the temperature remains below Tj (max).

Surge forward current

When a surge forward current flows, the junction temperature momentarily

exceeds Tj (max). This rating is stipulated to account for abnormal currents which
occur less than 100 times during the life of the device.

It therefore does not apply to motor lock current or in-rush current at power-on.
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Thermal runaway in schottky barrier diodes (SBDs)

1) Thermal runaway

Depending on a schottky barrier diode’s operating temperature and current, its

characteristic high-speed operation and low forward voltage (VF) may result in
thermal runaway and breakdown. This is because the SBD’s reverse leakage

current (IR) is larger than that of a general-purpose rectifier. In typical SBD
applications, such as DC-DC converters, forward and reverse voltages are both
applied continually. Thus, please note the following:

<Forward losses>

A constant forward current will cause VF to fall due to the rise in device
temperature caused by the flow of the current. This is the cause of forward loss.
When VF stabilizes, the device temperature will stabilize. Thus, it is vital to
ensure that the device never exceeds its maximum junction temperature rating.

<Reverse losses>

IR losses at low temperature are negligible in comparison with forward losses.

However, because IR increases exponentially in relation to temperature, the

greater the IR which flows at high temperature, the more significant the loss. IR
can even cause thermal runaway if the amount of heat that it generates exceeds
the heat dissipation capacity of the heat sink system. Thus, sufficient margins
must be incorporated into a design to ensure that reverse losses do not cause the
maximum temperature rating to be exceeded and do not cause thermal runaway.

Thus, before using SBDs, take both forward and reverse losses into account,
calculate permissible device loss levels for high-temperature operation, and
design a heat sink system and other safety features which are appropriate for
these permissible loss levels. Be sure to evaluate the devices fully under worst-
case operating conditions.

2) Use at high temperature

When using these devices under high-temperature conditions in equipment such
as AC adapters or DC-DC converters, which are ill-equipped to dissipate excess
heat, be sure to incorporate safety features such as a protection circuit to counter
overheating.

Junction temperature

The maximum junction temperature Tj(max) is determined by the materials used
to fabricate the device and their reliability. This parameter must be considered in
relation to reliability factors such as degradation and lifetime, not simply in
relation to operability of the device. Device degradation is generally accelerated
as the junction temperature increases. Mean lifetime Lm (hours) and junction

temperature Tj (K) are known to have the following relationship (where A and B
are device constants):

log Lm = A +
B

Tj
........................................................(2-2)
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Note also that the reverse current increases with temperature. A vicious circle can
result whereby increased reverse current increases the power dissipation, which
in turn increases the junction temperature, which in turn further increases the
reverse current, and so on leading to thermal runaway in the device. For this and
other reasons, the junction temperature and heat-radiating conditions of devices
must be considered carefully when circuits are being designed.

Storage temperature

The storage temperature Tstg refers to the ambient temperature range in which a
device can be safely stored when not in operation. It is specified according to the
characteristics and reliability of the device’s constituent materials (other than
those of the silicon chip). When storing devices, take precautions against lead
oxidation and other related problems.

(2) Design precautions

When designing rectifier and thyristor circuits, the first priority is to ensure that the
absolute maximum ratings are not exceeded.
Be sure to derate the devices in your design sufficiently, after carefully considering the
absolute maximum ratings and the reliability characteristics (described later).

Junction temperature

The junction temperature rating of a device is just as important as the rated
voltage and the rated current.

To control the junction temperature, the power dissipation of the device must be
limited and sufficient heat radiation for the device and circuit board must be
provided.

Protection against overcurrent

If protection is not provided against overcurrent in circuits which use
semiconductor devices, not only can the devices break down, but arcs can also be
generated in open devices. The induced magnetic fields often cause mechanical
damage.

Overcurrent can result from device faults, commutation failures and short-
circuited loads.

Broadly classified, there are two methods of protection against overcurrent. One
is to shut off the current with a fuse or by some other means. The other is to limit
the current using a reactor or a resistor.

Protection against overvoltage

When selecting devices for applications, designers usually derate the specified
OFF-state and reverse voltage ratings by the following safety margins:

Industrial use By 2.5 ∼ 3.5 times
Less critical applications By 1.4 ∼ 2 times

However, this applies to steady-state operation and does not take into account
transient voltages generated by various factors. Usually, a protective circuit must
be inserted to suppress unwanted voltages.

It is important to know the causes of these unwanted voltages and to take
protective measures against them in order to ensure that the above safety factors
will be effective.
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Protection against dv/dt

The dv/dt rate relates to thyristors. When a fast-rising voltage is applied to a
thyristor by the main circuit, it can turn the thyristor on even when no trigger
signal has been input to the gate. When it occurs during commutation by a
parallel-connected snubber circuit, this dv/dt-ON phenomenon can be effectively
suppressed by connecting the snubber circuit and the anode reactor together.
Figure 5.10.2 shows an example of this type of limiting circuit.

EA

CO

RO
D

Figure 5.10.2  Example of dv/dt-limiting circuit

Protection against di/dt

The di/dt rate is also relevant to thyristors. It is the critical rate of rise of the ON-
state current and is normally rated at 100 A/µs for thyristors and 50 A/µs for
triacs. (For more information, refer to the technical data for the device in
question.)

The di/dt rate should generally be suppressed to less than several tens A/µs.

The di/dt tolerance of a device depends on its peak ON-state current, the anode
voltage immediately before power-on, the case temperature and gate drive
conditions.

If the rated di/dt is exceeded, the device can malfunction or break down. To
prevent this, suppress di/dt using an air-core reactor or saturable reactor.

(3) Device-mounting precautions

Using inappropriate methods to mount semiconductors can subject them to thermal
and mechanical stresses, degrading their electrical characteristics and reliability.

The following precautions for each package type should be taken when mounting
devices on circuit boards:

Straight lead devices and molded devices

Do not apply excessive stress to the electrode leads; otherwise, the device may be
damaged.

Make sure that no more than 10 N of force is applied to the leads.

When forming the leads, use radio pliers or other appropriate tools so that stress
is not applied to the device itself. Also, avoid bending the leads repeatedly.
Standard forming tools are available from Toshiba.

When fitting a device to a heat sink, make sure that the heat sink has a smooth
surface. Apply a coating of silicone lubricant to the heat sink. Make sure hole
diameters closely match screw diameters, and that screws are tightened using the
appropriate torque.
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Also, ensure that the surface of the heat sink which will come into contact with
the device is flat and free of burrs and contaminants.

Surface-mount devices

Refer to Precautions on board mounting and cleaning in Section 3.5.

(4) References

Toshiba Semiconductor Databook: Rectifiers

Toshiba Semiconductor Databook: Small and Medium Thyristors

Toshiba Semiconductor Databook: High-Power Semiconductor Devices
      (Thyristors, Diodes and IGBTs)

Toshiba Semiconductor Databook: Small-Signal Diodes

Toshiba Semiconductor Databook: Small-Signal Transistors (SMDs)

5.10.3 Reliability Characteristics

(1) Reliability test results

As an example, Table 5.10.3 shows the results of reliability tests performed on an
S5688G silicon diffused-type rectifier. Table 5.10.4 lists failure criteria applied during
the tests.

A basic method frequently used to evaluate reliability is to have a device in operation
and to perform a detailed anlaysis of the changes which occur in its characteristics
over time. As an example, Figure 5.10.3 shows changes in characteristics which
occurred during the lifetime tests described in Table 5.10.3.

Test results indicate that, although the device was operated as its absolute maximum
ratings, the initial characteristics remained stable over a long period of time.
Consequently, this device can be expected to offer high reliability in an actual
application.



[5]  Handling Precautions

5-168

Table 5.10.3  Reliability test results for a S5688G silicon diffused-type rectifier

1. Tables of Test Conditions 

1-1 Thermal Environment Tests 

Test 
Applicable 

Standard 
Test Conditions Remarks 

Soldering heat 
EIAJ ED-4701 

A-132 
Tsol = 260°C, 10 s, once 

Immersed 1.5 mm from 

base of device 

Temperature 

cycling 

EIAJ ED-4701 

B-131 

−40°C (30 min)~25°C (5 min) 

~150°C (30min)~25 °C (5 min) 
100 cycles 

Thermal shock 
EIAJ ED-4701 

B-141 
0°C (5 min)~100°C (5 min) 50 cycles 

Moisture 

resistance 

EIAJ ED-4701 

B-132 

25°C~65°C~−10°C, 90%~98% 

RH 24 h/cycle 
10 cycles 

1-2 Mechanical Environment Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Vibration 
EIAJ ED-4701 

A-121 

100 Hz~2000 Hz~100 Hz 

196 m/s2 

4 times each in 3 directions 

 

Mechanical shock 
EIAJ ED-4701 

A-122 

14,700 m/s2, 0.5 ms 

3 times each in 4 directions 
 

Constant 

acceleration 

EIAJ ED-4701 

A-123 

196,000 m/s2, 1 min 

once each in 6 directions 
 

Solderability 
EIAJ ED-4701 

A-131 
230°C, once in 5 s 

95% or more 

(using flux) 

Lead intensity 
EIAJ ED-4701 

A-111 

Load 5.0 N, bent 3 times 

0°~90°~0° 
No separation or 

breakage allowed 

1-3 Lifetime Tests 

Test Item 
Applicable 

Standard 
Test Conditions Remarks 

Steady-state 

operation 

EIAJ ED-4701 

D-401 
IF (AV) = 1.0A, VRRM = 400 V, Ta = 25°C 1,000 h 

High-temperature 

reverse bias 

EIAJ ED-4701 

B-404 
Ta = 100°C, VR = 320 V 1,000 h 

High-temperature 

storage 

EIAJ ED-4701 

B-111 
Ta = 150°C 1,000 h 

High-temperature 

and high-humidity 

storage 

EIAJ ED-4701 

B-121 
Ta = 60°C, RH = 90% 1,000 h 
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Table 5.10.4  Failure criteria for S5688G

2. Failure Criteria (Ta = 25°C)

Parameter Symbol Measurement Conditions Minimum Criteria Maximum Criteria

Peak forward

voltage
VFM IFM = 1.0 A  USL × 1.2

Peak repetitive

reverse voltage
IRRM VRRM = 400 V  USL × 2.0

USL: Upper specification limit; LSL: Lower specification limit

3. Test Results

3-1 Thermal Environment Tests and Mechanical Environmental Tests · Others

Test
No. of

Samples

No. of

Failures
Test Item

No. of

Samples

No. of

Failures

Soldering heat 32 0 / 32 Vibration 11 0 / 11

Temperature

cycling
50 0 / 50 Mechanical shock 11 0 / 11

Thermal shock 32 0 / 32
Constant

acceleration
11 0 / 11

Solderability 11 0 / 11Moisture

resistance
32 0 / 32

Lead intensity 11 0 / 11

3-2 Lifetime Tests

Test
No. of

Samples
168 h 500 h 1000 h Remarks

Steady-state

operation
30 0 / 30 0 / 30 0 / 30

High-temperature

reverse bias
30 0 / 30 0 / 30 0 / 30

High-temperature

storage
30 0 / 30 0 / 30 0 / 30

High-temperature

and high-humidity

storage

30 0 / 30 0 / 30 0 / 30
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6 Derating Concepts and Practical Methods

6.1 Introduction

Figure 6.1.1 shows the general failure rate vs. life curve of semiconductor devices.

The failure periods for equipment can be broadly classified into the three areas shown in this
diagram. They are called the early failure period, the random failure period and the wear-out failure
period. Each period is defined as follows:

Early failure period: The failure rate during this period decreases with time. Most failures are
attributable to non-conformity to design, defects in or non-conformity with
specified raw materials, processing or assembly, or incompatibility with
the operating environment.

Random failure period: The failure rate during this period is not dependent on time. Failures occur
randomly at intervals and are attributable to device intolerance to circuit
conditions (insufficient margins), ion-induced variations in device
characteristics, flaws and dust.

Wear-out failure period: The failure rate during this period increases with time. Failures are
attributable to fatigue from long-term usage, mechanical wear or chemical
changes, and deterioration in the product.

When specifying the electrical components to be used in the circuitry for a particular piece of
equipment, choose devices which will not enter their wear-out failure period until the useful lifetime
of the equipment has expired.
Failure rate curves vary with environmental conditions and other factors related to the product as
shown in Figure 6.1.2. In order to improve equipment reliability, designers should try to reduce the
failure rate from that shown by the solid line to that shown by the dotted line in the diagram.

 Early failure rate Random 
failure rate 

Wear-out failure rate 

Effectiveness of 
Periodic 

Replacement 

 
Harmful  

 
Not Effective 
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→ Time (t) 
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(For more detailed information on weibull distribution, please refer to [6] Appendices.) 

Figure 6.1.1  Lifetime curve
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Early failure period

1 Year 2 Years

Random failure period Wear-out failure period

Time (t)

Identify potential faults early. Reduce λ (t). Extend the Lifetime.

Time (t) Time (t)

1 Year 2 Years 10 Years5 Years

Figure 6.1.2  Methods for improving reliability
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6.2 Definition of Failure Rate

Failure rate is defined as the ratio of faults caused by equipment or components to unit time. It is an
approximation of the reliability that can be expected for a particular component or piece of
equipment.

Failure rate is normally expressed in units of FIT (failure in time). One FIT represents
1 × 10−9 failures per unit time.

The failure rate for components normally refers to failures during the random failure period. In this
case the concept of failure rate with respect to time may be thought of as the product of time and
failure rate. For example, if 100 units of a 100-FIT component are used for 10,000 hours, 0.1 units
will fail.

However, there are many methods for calculating failure rate, and the values listed in the catalogs
published by component manufacturers do not necessarily correspond to one another, since each
manufacturer calculates failure rates under different conditions. This makes comparison difficult.
These values can thus only be used as an approximate guide.

Consequently, the most practical method of estimating component failure rates is to use actual field
data.

6.3 Estimating Equipment Failure Rates

The following description explains how to determine equipment failure rates from component failure
rates, and component failure rates from actual equipment records.

Using the manufacturer-specified failure rates for the components, and assuming a series model in
which individual failures occur independently and the failure of any one component causes the
equipment to fail, the equipment failure rate is given by the sum of all component failure rates, as
expressed by the following equation.

λ = K 
n

Σ
i = 1

 λi × ni .............................................................................................................. 1)

For example, the failure rate of a piece of equipment using four kinds of component is given by

λ = K × (λ1 × n1 + λ2 × n2 + λ3 × n3 + λ4 × n4) FIT

Similarly, the MTBF for the equipment is given by

MTBF = 1 / λ

MTBF (mean time between failures): Average lifetime of modifiable device

In this equation, K denotes a severity factor which numerically represents the severity of the
environment and how it affects equipment reliability. This factor is assumed to be 1 when the
equipment is used under normal temperature and humidity conditions at ground level.

Figure 6.3.1 shows the relationship between component counts and equipment MTBF for various
component failure rates. The diagram shows that reducing the component failure rate is an effective
means of improving the equipments, MTBF, and that if the failure rate of each component is reduced
by one order of magnitude, the equipment’s MTBF is increased ten-fold.
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Figure 6.3.1  Relationship between component count and equipment MTBF

Table 6.3.1  Calculating component failure rate
from field records

Equipment failure rates and MTBFs, and
component failure rates can be obtained from
equipment field records as follows.

Table 6.3.1 lists the failures for one type of
equipment that occurred for each month of
delivery during a six-month period. The data
was collected from customer cards and
service reports, and tabulated after exclusion
of early failures.

The table also enumerates the cases where a
failure in component A resulted in an equipment failure.

Assuming that the equipment operates four hours a day for 25 days each month, thus operating 100
hours per month, the MTBF of the equipment can be calculated as follows:

MTBF = 

n

Σ
i=1

ni • ti

n

Σ
i=1

mi

............................................................................................................... 2)

where n = number of months in the operating period
ni = number of units delivered each month
ti = operating time per unit of the delivered equipment
mi = total number of failures during the period

thus,

MTBF = [(100 × 6 + 150 × 5 + 50 × 4 + 200 × 3 + 100 × 2 + 150 × 1) / (5 + 3 + 2 + 10 + 3 + 4)]
 × 100 = 9259 hours (12.8 months)

Month of
Delivery

Number
of Units

Delivered

Number
of

Failures

Failures
Attributable

to
Component A

January 100 5 0

February 150 3 1

March 50 2 0

April 200 10 2

May 100 3 0

June 150 4 1

Total 750 27 4
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Next, the failure rate for component A can be calculated using the following equation:

Number of failures of component

Total operating time of component within a certain time period
λ =

Assuming that 100 units of component A are used per unit of equipment, the failure rate λ of
component A is represented by the equation

λ = [(1 + 2 + 1) / (100 × 100 × 6 + 150 × 100 × 5 + 50 × 100 × 4 + 200 × 100 × 3 + 100 × 100
 × 2 + 150 × 100 × 1)] × 1 / 100 = [(4 / 250000)] × 1 / 100 = 1.6 × 10−7 = 160 FIT

How this data is passed back and used in the device design and fabrication processes varies from
manufacturer to manufacturer. This information forms an important part of each manufacturer’s
knowledge base and determines the future strategy of the manufacturer.

6.4 Derating Concepts and Their Practical Application

To extend equipment MTBFs, individual component failure rates must be reduced as described
above. For semiconductor devices, failure rates are affected to a large extent by the operating
environment and conditions.

For discrete semiconductor devices, operating conditions are determined solely by the equipment
designer. The designer must therefore have a good understanding of the process of derating
semiconductor devices to reduce failure rates. For temperature and power characteristics in
particular, environmental conditions may have to be simulated by modeling.

Naturally, care must be taken to ensure that the target environmental conditions do not exceed the
devices, absolute maximum ratings.

There are several known methods for estimating the failure rates of semiconductor devices, including
MIL-HDBK-217E under the MIL standards and the Standard Reliability 57-1 procedure developed
by Nippon Telephone and Telegraph (NTT). These methods use forecasting models based on past
market data from which failure rates of semiconductor devices under specific working conditions can
be determined.

Figure 6.4.1 and Figure 6.4.2 show example derating curves for Si NPN power transistors obtained
from the MIL standard and the NTT procedure.

Derating curves based on NTT'’s Standard Reliability 57-1 procedure show that the basic failure rate
can be lowered by as much as 2/3, from 70 FIT to 25 FIT, by reducing the junction temperature from
100°C to 80°C and the power by 20%. This suggests the importance of the derating process.

Note, however, that these forecasting methods classify semiconductor devices according to their use
and may not necessarily be effective for a particular type of device. This is because the process
stability and level of technology for actual devices vary greatly. Semiconductor manufacturers often
employ their own procedures, similar to, but not as detailed as the MIL method, for determining
derating curves. Such procedures are based on the manufacturer’s in-house accelerated test results
and the manufacturer’s own market data.
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Figure 6.4.3 shows a derating curve for silicon transistors based on Toshiba accelerated tests and
market data.
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Figure 6.4.1  Derating Using MIL-HDBK-217E
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Figure 6.4.2  Derating Using NTT Standard Reliability 57-1
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Figure 6.4.3  Derating curve for a silicon transistor

6.5 Recommended Derating

The degree of derating relative to the absolute maximum ratings greatly affects the resultant
reliability. In order to determine appropriate derating levels, the data relating to the specific
individual product should be evaluated.

Voltage: The worst-case voltage, including surges, should be 80% or less of the rated
absolute maximum voltage.

Current: The worst-case current, including surges, should be 80% or less of the rated
absolute maximum current.

Power: The worst-case power, including surges, should be 50% or less of the allowable
maximum power dissipation at the maximum ambient temperature for the
equipment.

Temperature: The maximum operating junction temperature, taking into account surges, current
concentration and other factors, should be 70% ∼ 80% or less of the rated absolute
maximum junction temperature.
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If an extremely high level of reliability is required, parameters should be derated to
lower percentages than those recommended above. For example, current parameters for
rectifiers should be derated to no more than 50%. Operating conditions such as the SOA
(safe operating area) are unique to each product. Thus, when designing a system, please
refer to each individual product’s specifications.
Thus, improved equipment reliability depends largely on the reliability of the components used in the
equipment. To ensure a high level of equipment reliability, therefore, designers should fully
understand the failure rate characteristics of semiconductor devices and then implement the
appropriate derating strategy.
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