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Cautions 

1. Opnext Japan,Inc.(OPJ) neither warrants nor grants licenses of any our rights or any third party’s patent, copyright, 
trademark, or other intellectual property rights for information contained in this document.  OPJ bears no responsibility 
for problems that may arise with third party’s rights, including intellectual property rights, in connection with use of the 
information contained in this document. 

2. Products and product specifications may be subject to change without notice.  Confirm that you have received the latest 
product standards or specifications before final design, purchase or use. 

3. OPJ makes every attempt to ensure that its products are of high quality and reliability.  However, contact our sales 
office before using the product in an application that demands especially high quality and reliability or where its failure 
or malfunction may directly threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear 
power, combustion control, transportation, traffic, safety equipment or medical equipment for life support. 

4. Design your application so that the product is used within the ranges guaranteed by OPJ particularly for maximum 
rating, operating supply voltage range, heat radiation characteristics, installation conditions and other characteristics.  
OPJ bears no responsibility for failure or damage when used beyond the guaranteed ranges.  Even within the guaranteed 
ranges, consider normally foreseeable failure rates or failure modes in semiconductor devices and employ systemic 
measures such as fail-safes, so that the equipment incorporating OPJ product does not cause bodily injury, fire or other 
consequential damage due to operation of the OPJ product. 

5. This product is not designed to be radiation resistant. 
6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without written approval 

from OPJ. 
7. Contact our sales office for any questions regarding this document or OPJ products. 

 
1. The laser light is harmful to human body especially to eye no matter what directly or indirectly.  The laser beam shall 

be observed or adjusted through infrared camera or equivalent. 
2. This product contains gallium arsenide (GaAs), which may seriously endanger your health even at very low doses.  

Please avoid treatment which may create GaAs powder or gas, such as disassembly or performing chemical 
experiments, when you handle the product. 
When disposing of the product, please follow the laws of your country and separate it from other waste such as 
industrial waste and household garbage. 

3. Definition of items shown in this CAS is in accordance with that shown in Opto Device Databook issued by OPJ unless 
otherwise specified. 
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Introduction 

Nowadays laser diodes play an important role in our daily lives.  In addition to the properties characteristic of lasers, such 
as monochromatic light, excellent beam focusing and coherence, laser diodes provide additional features such as 
compactness and lightness, low-power dissipation, and high-speed, direct modulation capability.  They are used in many 
different applications, ranging from optical disk units to telecommunications.  Opnext offers a full line of laser diode 
products, including models that produce laser light in the visible range (0.63 µm) and in the infrared range (0.83 µm). 

Due to their excellent high frequency-response characteristics, the mirror facets of laser diodes can easily incur optical 
damage from to surges.  Therefore, sufficient care should be exercised in their handling.  This manual is intended to ensure 
that Opnext laser diode devices provide the full performance and high reliability they are capable of.  It lists several 
problem points related to surge damage and provides information on destruction levels, examples of changes in properties, 
and examples of failure modes, with an emphasis on laser diodes that produce output in the visible and in the infrared 
range. 

It is recommended that this manual be read before performing measurements on laser diodes or designing products 
incorporating laser diode devices.  At a minimum, reading "Section 6  Measures to Prevent Surge Damage to Laser Diodes" 
as well as "Section 7  Surge Damage Examples", and performing the appropriate checks beforehand, should be sufficient to 
avoid surge-related failures. 
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Section 1   Surge Damage and Evaluation Methods 

Care must be taken in laser diodes handling to prevent damage to their facets (optical damage) caused by forward surges as 
well as damage caused by electrostatic discharge.  Most cases of damage from forward surges are caused by design defects 
in the automatic power control (APC) circuit (incorrect offset adjustment, undesirable oscillation, poor contacts, drifting 
capacitance, etc.). (See below.) 
The lower threshold current (Ith) and the higher slope efficiency (ηS) give laser diode the efficient and low voltage 
drivability.  But this causes to reduce the ability of the laser diode to withstand low-level current surges and discharges of 
static electricity. 

 Forward surge current Electrostatic damage 

Factor Current Charge (voltage) 

Example Surge inductance in power supply circuit Electrostatic discharge from human body, etc. 

 

1.1 Damage from Forward Surges 

As laser diode differ from silicon devices, the area of safe operation (ASO) of laser diodes is not decided by power 
consumption alone, but optical output (PO) must be considered from view point of optical damage.  Since the area of safe 
operation for laser diodes has not been established, a provisional index is provided below. 
Forward surge damage often is observed at a stage near the completion of driver circuit fabrication.  The amount of forward 
surge a laser diode can withstand can be evaluated using a simple circuit like the one shown in figure 1.1.  This 
measurement method uses a pulse generator (tr, tf ≤ 10 ns).  The output stage consists of a power MOS FET, a storage 
scope for output current monitoring and a power supply for the FET bias. 
The pulse generator generates a 1-shot pulse for ASO evaluation.  Figure 1.2 shows the operating area relative to the results 
obtained, however additional safty margin be applied in actual use.  It should be noted that in this figure power of 
catastrophic optical damage (PCDO) is determined by equation (1).  Therefore if the laser diode’s threshold current (Ith) and 
slope efficiency (ηS) differ significantly from the measured sample distribution, it will be necessary to consider these 
deviation in the design. 

(IF − Ith) × ηs = PCOD (1) 
IF : Forward current 
PCOD : Optical power of catastrophic damage 

As seen in Figure 1.3, even if the PCOD value for LD-1 and LD-2 is the same, the IF (surge) they can withstand will differ if 
Ith and ηS are different. 
Actual measurement examples are shown in figure 1.4 and figure 1.5. 

2SK3163 or equivalent power switching FETPulse generator

100Ω

100Ω

0.1Ω

2Ω

VCC (fixed, around 20 to 30 volts)

D.U.T. (= LD)

 

Figure 1.1   Circuit for Measuring Ability to Withstand Surges 
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Figure 1.2   Measurement Examples Showing Ability to Withstand Surge 
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Figure 1.3   IF-PO Characteristics 
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Figure 1.4   Forward Surge Strength Test of Visible Laser Diode 
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1.2 Electrostatic Damage 

The ability of laser diodes to withstand electrostatic damage can be evaluated using a simple circuit of the sort shown 
below.  It consists of a power supply, a capacitor and a switch (figure 1.5).  The capacitor must be durable enough to 
withstand the used voltage levels.  The switch must have high insulation resistance and be free of chattering (for example, a 
high-voltage mercury relay).  Figure 1.6 actual measurement examples in different polarities. 

R1

S1

R2

V
C

D.U.T.

Method

A

B

C

200pF

100pF

R2

R1 = 1MΩ

The test voltage is based on individual standards.
The ambient temperature is 25 ±5°C.
Repeat one or five times.
Reference standard: EIAJ ED-4701 C-111
 Mil-STD-883D M.3015

0Ω

1.5kΩ

 

Figure 1.5   Electrostatic Discharge Test Circuit 
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Figure 1.6   Electrostatic Damage Strength of Visible Laser Diode (Example) 
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Section 2   Precautions Related to Circuit Designs 

In order to ensure reliability, some margin should be allowed in the circuit design by, either derating or taking 
characteristics deviation into account along with, of course, satisfying the initial specifications.  With regard to surge 
damage, issues that should be taken into consideration include wiring problems, external surges, reactance load, noise 
margin, area of safe operation (ASO), reverse voltage, flyback pulse, static electricity, and pulse stress. 

Generally speaking, the following points should be kept in mind: 

(1) That excessive voltage caused by undesirable noise or induced at input, output, or power supply terminals.  Also, the 
circuit be free from strong electromagnetic waves. 

(2) That the circuit be ESD free while operating. 
(3) That a protective circuit be set in input or that make sure no electrostatic pulse be applied to input. 
(4) That there be no imbalance in the voltage supplied when the power supply is turned on and off. 

For example, excessive stress will result if the circuit’s ground terminal is in a floating state, when another terminal is 
accidentally grounded and voltage is applied to the input or power supply terminal. 

The following precaution should be applied when installing semiconductor devices, including laser diodes, in circuits. 

2.1 Countermeasures Against Noise and Voltage Surges 

Electronic equipment is generally designed to have manage some voltage fluctuations (normally, it is ±10%) in the 
commercial power supply.  However, if other equipment generating voltage surges is in use around the device, the 
fluctuations in the power supply voltage may cause it to fail or malfunctions.  Such surges can be reduced by adding a filter 
to the AC line, as shown in figure 2.1.  However, even if surges or static electricity are not induced indirectly from the AC 
line, there may still be induced directly into the components or semiconductor devices on the circuit board.  In such cases, it 
is necessary to shield semiconductor devices.  Also, it is important that the impedance from the shield to the ground should 
be low for the effective shielding. 

AC100V

L1

C

L2

L1 = L2 = 2 to 10mH, C = 0.1 to 0.5µF

Primary side (P) Secondary side (S)

 

Figure 2.1   Surge-absorption Circuit Example 
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In cases where static electricity or surge pulses may be applied directly as noise, a protective circuit shown in figure 2.2 as a 
special example may be applied.  The time constant, Ri × Ci should be set in a rage where it will not affect operation but 
still allow good surge puls absorption. 
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Figure 2.2   Surge Protection Circuit Example 

2.2 Types of Noise 

Noise that causes problems in actual circuit applications can be classified into two categories: (a) noise generated between 
the ground and signal lines, and (b) noise generated between signal lines (figure 2.3).  The effects of each of these types of 
noise on semiconductor devices, and the countermeasures are different. 

Circuit 2Circuit 1

Signal lines

(b) Noise generated between signal lines

Circuit 2Circuit 1

Signal lines

Elm

Elm

Elm

(a) Noise generated between ground and signal lines

 

Figure 2.3   Types of Noise 
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Causes where a noise is generated are listed below: 

(1) Conduction: 
When there is leakage impedance between the noise source and the signal line. 

(2) Electrostatic induction: 
When there is an electrostatic capacitance between the noise source and the signal line. 

(3) Electromagnetic induction: 
When there is mutual conductance between the noise source and the signal line. 

(4) Crosstalk: 
When there are two or more adjacent signal lines, one passes noise voltage to another through electrostatic or 
electromagnetic induction. 

(5) Ground loop: 
When the transmitting and receiving ends of signal line are both grounded, the potential difference between two may 
result in noise. 

(6) Reflection: 
When the impedance of the signal line is not properly matched, reflected wave to be imposed on the signal may cause 
noise. 

These concepts are shown in figure 2.4. (In this diagram, the power line is assumed to be the noise source.) 

Circuit 1 Circuit 2

Leak impedance
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Reflection
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Figure 2.4   Links Between Noise Source and Signal 

2.3 Noise Elimination Measures 

To design systems free from noise problem, it is necessary to take such measures as remaing or decreasing noise source, 
making systems so they will not pick up noise, providing circuits with sufficiently large noise margins, or installing 
protective circuits. 
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(1) Prevention at the Noise Source: 
The most effective measure is dealing directly with the noise source, if possible.  As examples, adding a diode, resistor, 
or capacitor parallel to the relay coil to reduce surge voltages, or adding a filter to the supply line on the side the noise is 
generated to reduce noise running through the AC supply line.  In the case of equipment generating a strong electric 
field, shielding is effective because it obviates other measures for the system on the affected side.  Another possibility is 
to separate the affected system from the source of the noise. 

(2) Prevention at the Ground Line: 
To prevent current through the grounding system from interfering with the circuit system, the circuit system should be 
provided with an exclusive ground line, completely separated from other grounding systems, such as for power-supply 
lines.  Also, there should be only one ground connection between the circuit system and the chassis to prevent the 
formation of a closed loop between them (figure 2.5). 

Circuit

Power
supply

Circuit

Signal lines

Chassis

Ground to chassis

Circuit

 

Figure 2.5   Grounding the Circuit System 

(3) Prevention by Shielding: 
Shielding both the signal lines and the whole system is an effective way to reduce external noise.  To deal with noise 
caused by electrostatic induction, the circuit system should be covered with a good conductor, which should be 
grounded.  In this way, noise induced to a signal line when no shielding is applied is pass to the shield line and bypass 
to the ground. 
Another examples of shielding are the use of twisted pair wire.  Noise is reduced if the signal lines are arranged 
symmetrically to the signal source, receiver, and ground noise source.  Using twisted pair wire may form a ground loop, 
but this can be eliminated by the method shown in figure 2.6. 

Ground loop

(a) Bad example resulting in ground loop (b) Good example with no ground loop

Shielding for entire system

 

Figure 2.6   Twisted Pair Wiring Methods 
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(4) Prevention Using Filters: 
Since noise from a power supply source generally enters the device through an AC line, an AC line filter can be added 
either on the side where the noise is generated or in the AC power supply side of the circuit system.  Also, the power 
supply impedance must be much low relative to the circuit system side, so capacitors can be added to reduce the 
impedance where it’s needed.  In such cases, it is desirable to use two capacitors connected in parallel: one with a large 
capacitance as a bypass for comparatively low-frequency waves and one with low impedance and a small capacitance to 
deal with high-frequency. 

(5) Surge Protection: 
Circuit systems are sometimes placed in environments where they are surge voltage is generated.  Some common 
examples are described here. 
When a laser diode is located near a high-voltage circuit, such as a synchroscope, voltage surges may be induced into 
laser diode and be damaged.  Figure 2.7 and figure 2.8 show examples where resistors and capacitors are inserted as 
surge absorbing or reducing circuits.  The main factor in improving reliability is how to reduce this surge voltage.  In 
figure 2.7, surge induced to the lead wire is reduced by using a capacitor and a resistor to protect the laser diode.  Figure 
2.8 shows an example in which surges entering the power supply are absorbed. 
To prevent surge damage to laser diodes, it is necessary to find it intrusion pass and terminal such as those described 
above. 
Another item that is sometimes overlooked is the possibility of damage caused by potential differences in power supply 
lines that had been assumed to have equal potential.  To prevent this from happening, it is necessary to use a layout or 
wiring method that prevents inductance caused by surges, to provide shielding, or to devise appropriate grounding 
points. 

(6) Method for Measuring Surges: 
Some methods for eliminating noise that could result in surges are described in the preceding section.  It is hoped that 
these methods will be borne in mind when designing and developing circuits and systems.  Furthermore, it is necessary 
to check the current flow in the laser diode’s drive circuit, under conditions as close as possible to actual drive 
conditions not to be surge potential during laser diode drive circuit design.  This can be done by checking for the 
generation of surges using a setup of the sort shown in figure 2.9.  It employs a current probe (Tektronix A6302 current 
probe and AM503 probe amplifier, or equivalent) and a digital storage oscilloscope (Tektronix TDS 460A digitizing 
oscilloscope, or equivalent), and uses the rolling mode. (In the diagram a noise source is assumed, but in some cases 
surges are generated by the drive circuit itself.  The method shown here can also be detect this type of surge.) 

R

C

LD

Surge

Surge absorption circuit

 

Figure 2.7   Surge Absorption Circuit Using Capacitor and Resistor 
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Since the resistors in the power supply circuit cannot be connected in series, 

capacitors are connected in parallel. Large capacitors, designated C1, and 

small capacitors, designated C2, are used.

C2

C1
C2

C1

Wiring

Surge

 

Figure 2.8   Absorbing Surges in the Power Supply Line 
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Figure 2.9   Method for Measuring Surges 
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Section 3   Precautions During Storage, Transport, and Measurement 

The following special care during storage and transportation should be taken for optoelectronic devices besides the general 
handling precautions required to electronic components. 

3.1 Laser Diode Storage Methods 

Precautions listed below are carefully taken laser diode storage conditions.  Insufficient care may result sometime in defects 
in electrical characteristics, solderability, external appearance, etc. 

(1) The storage place should be within a temperature range of 25 to 30°C and relative humidity should be 45 to 75%. 
(2) The storage place should be free of harmful gas and dust. 
(3) The storage containers should not be a type easily charged with static electricity. 
(4) No weight should be placed on the laser diode during storage. 
(5) If the laser diode will be stored for a long period of time, they should be unopened as shipped package. 
(6) The moisture condensation should not occur due to sudden changes in temperature. 
(7) The laser diode should be stored in a location exposed to radiation or strong electrical fields. 

3.2 Precautions During Transport 

(1) The containers and jigs for laser diode must not be charged with or discharge static electricity during transport due to 
vibrations. 

(2) The operators’ bodies should be grounded through a high resistance of about 1 MΩ while handling laser diode in order 
to prevent destruction from the induction of static electricity contained in their bodies and clothes. 

(3) When transporting a printed circuit boards with laser diodes mounted on, measures must be taken to prevent static 
electricity from collecting, such as by short-circuiting their terminals to make their electrical potential equal.  Also, if a 
conveyor belt is used to move printed circuit boards, the rubber and other materials of the conveyor belt should be 
treated to prevent static buildup. 

(4) Measures should be taken to reduce mechanical vibration and bumps as much as possible when transporting laser diode 
or printed circuit boards. 

Examples of typical electrostatic voltages are listed in the table below. 

Table 3.1 Typical Electrostatic Voltage Examples 

Electrostatic voltage   
Static electricity source 10 to 20% RH 65 to 90% RH 

Person walking on a carpet 
Person walking on a vinyl floor covering 
Person working at a bench 
Vinyl covering 
Polyester bag lifted up from a bench 
Chair stuffed with polyurethane foam 

35000 V 
12000 V 
6000 V 
7000 V 
20000 V 
18000 V 

1500 V 
250 V 
100 V 
600 V 
1200 V 
1500 V 

(From DOD-HDBK-263) 
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3.3 Precautions During Measurement and Handling 

Since all terminals are exposed when testing or installing laser diodes, it is easily that the terminals will come into contact 
with the bodies of workers, measuring equipment, work tables, soldering irons, conveyor belts, etc.  This means that there is 
a possibility of damage to laser diodes from either static electricity or leakage from electrical equipment.  For this reason, 
sufficient care should be taken to prevent leakage from sources such as the AC power supply to the terminals or chassis of 
curve tracers, syncroscopes, pulse generators, DC regulated power supplies, etc. 

In particular, during measurement it is important to make sure that surge voltages are not applied by the tester, or to insert 
clamp circuit into the tester.  Also, it is necessary to make sure that there is no abnormal voltage apply due to poor contact 
during a current source driving.  Furthermore, during testing care must be taken to prevent incorrect connection of 
terminals, reversed connections, and short circuiting of terminals.  When checking the printed circuit board operation, 
confirm that there are no solder bridges or bridges made of foreign matter before turning power on. 
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Section 4   Failure Modes Classification 

Figure 4.1 is a graph summarizing the ratio of various failure modes based on an analysis of laser diodes returned by 
customers.  As seen in it, surge damage failure accounts for the majority of cases.  This indicates that measures to deal with 
surge damage are essential to achieve a high reliability in laser diode applications. 

Damage from

surge of

excess

current

51%

Non-reproducible

23%

Life

8%

Visual

5%

Other

13%

 

Figure 4.1   Classification of Failure Modes for Production Line and Market Defects 
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Section 5   Characteristics and Failure Analysis Examples 

5.1 Relationship Between Characteristics and Reliability 

Optical and electrical characteristics are provided for laser diodes depending on their functions and applications, and the 
ranges in which they must be met are specified.  The importance of these characteristics in system design often varies with 
the application.  Though it is impossible to generalize to all cases, it is necessary to allow in the design an adequate margin 
in the initial characteristics of important parameters, to perform derating, or the like. 

The equation (2) can be used as a model of laser diode deterioration for the purpose of derating.  This equation takes into 
account compound stress combining temperature stress and current stress and includes a parameter for variation over time.  
To achieve high reliability in applications employing laser diodes, it is important to perform derating using an equation such 
as this. 

duty

100
DIop = A ⋅ Iop ⋅  t ⋅ m ⋅ exp

−Ea

k ⋅ T
(2). . . . . .

 

DIop: changed rate (%) of operating current, A: deterioration constant (value based on experience), 
Iop: initial operating current value, m: change over time parameter (value based on experience), 
k: Boltzmann’s constant (8.617 × 10–5 eV/K), Ea: activation energy (eV) (value based on experience), 
T: absolute temperature of junction during operation (K), duty: 100% during CW operation 

With regard to important points, it is essential to select devices based on a consideration of the operating range limits for the 
system as a whole, to apply statistical design techniques, and to take into account in the design stage the failure judgement 
standards provided by the device supplier. 

The following points should be borne in mind regarding parameters: 

(1) How important is the parameter? Could it result in a system failure? 
(2) What is the margin for the parameter’s initial value? 
(3) Are changes that occur when the device is used with other devices within the permissible range or not? 
(4) Is it possible to design redundancy into the system? 
(5) Is it possible to introduce statistical design methods for parameters? 

Special care needs to be taken when using laser diode devices for special applications such as medial equipment and 
satellite telecommunications equipment, as well as usage in environments prone to the generation of electromagnetic noise, 
such as in machine tools and automobiles. Please consult with an Opnext engineering specialist with regard to such 
applications. 
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5.2 Examples of Changes in Characteristics due to Surge Damage and Failure Mode 
Examples 

Table 5.1 shows examples of changes in characteristics due to laser diode surge damage as well as failure modes; table 5.2 
shows examples of failure analysis data.  Since the active area of laser diodes is a microstructure on the sub-micron order, 
the application of excessive stress in the form of surge current, static electricity, or over current can result in fluctuations 
that dramatically degrade reliability, such as changes in optical and current characteristics, monitor current linearity, far 
field pattern, or generated wavelength.  For this reason, sufficient attention must be paid to the possibility of surge damage. 

The mechanism by which the damage occurs has been confirmed through failure analysis using, for example, the electron 
beam induced current (EBIC) method. It indicates that momentary excessive laser output due to the surge, which in the case 
of visible range laser diodes results in optical damage to the center of the active layer of the laser facet.  

The electro-luminescence (EL) and electron beam induced current (EBIC) failure analysis methods are illustrated in figure 
5.1 and figure 5.2, respectively. 
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Dark area
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Metal microscope

 

Figure 5.1   Electro-luminescence (EL) Method 
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Figure 5.2   Electron Beam Induced Current (EBIC) Method 
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5.3 Effects of Surges and Static Electricity on Laser Diode Life 

The tiny defects that occur when surges or static electricity are applied to a laser diode can cause a deterioration in the laser 
output of the device later on as the defect grows in size.  Stress from surges or static electricity affect not only the initial 
optical characteristics of the laser diode, but its subsequent reliability as well.  This is another reason why effective 
measures to prevent such damage are essential. 
Figure 5.3 and figure 5.4 show examples of life test results following initial application of surges or static electricity to laser 
diodes. 
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Figure 5.3   Example Test Results after ESD Application (670 nm Low-power Laser Diode) 
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Figure 5.4   Example Test Results Without ESD Application (for Comparison) (670 nm Low-power Laser Diode) 
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Section 6   Measures to Prevent Surge Damage to Laser Diodes 

Table 6.1 Measures to Prevent Surge Damage to Laser Diodes (Examples) 

No. Item Description Example countermeasure 

Each operator should be properly grounded. Wear a wristband connected to a 1 MΩ 
resistor. 

Use a common ground for the worktable and testing equipment. A common ground should also be used for 
sealed rooms. 

Make sure work chair is anti-static processed and grounded. Cover the chair with an anti-static cover and 
attach a chain ground. 

Use work clothes made of electrically conductive material.  

Place a conductive mat under the shelf holding products.  

Use trays made of a conductive material on the production line. Resistance value: 106 to 109 Ω/  

If the working environment is susceptible to static buildup, use an ion 
blower or work in a weakly ionized environment. 

 

1 Environment 

Manage the indoor humidity. Relative humidity target: 50 ±10% 

Distribute power from the step-down power supply to the power 
supplies of the individual measuring devices via a noise filter. 

Recommended filter example: 
Tokin noise filter, type LF-220 and G-2200 

Attach anti-static devices to conveyor belts that come into contact with 
products. 

 

Ground the suction pads, etc., of products.  

Make sure that relays connected to the power supply do not cause 
chattering. 

 

2 Equipment 

Use a power supply that does not generate ripples. Recommended power supplies: 
• ILX Light Wave: LDC-3722B LD Controller 
• Advantest: TR6143 
• HP: HP6655A 

When measuring electrical characteristics, do not switch power on or 
off while the rated voltage is being applied. 

Always turn variable resistors down to the 
minimum setting before turning power off. 
Adjust to rated value after turning power on. 

Do not turn power on or off (to equipment or lights connected to the 
same line) within the same room during laser diode mounting and 
adjustment. 

 

3 Operation 

Adjust the variable resistors that control the power supply voltage to 
the minimum setting initially. (Variable resistors are often left set to 
intermediate values.) 

 

Use gloves, finger socks, etc., made of electrically conductive 
material. 

 

Connect the tip of the soldering iron being used to a ground. Use a 3-terminal soldering iron. 

When using an ion blower, make sure to confirm that it is effective in 
eliminating static electricity. 

 

4 Jigs, etc. 

Don’t use variable resistors that stick. Replace variable resistors periodically 
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Section 7   Surge Damage Examples 

No.1 Failure due to Excessive Current with Automatic Power Control (APC) Circuit Installed 
Description 

1. Symptom 

After being mounted on the circuit, laser diode failed when power was turned on. 

2. Cause 

Laser diode failed due to transient characteristics at power supply startup. 

PD

APC

SW

VCC

IF

LD

t

Excess current

 
Countermeasure 

Add a slow starter circuit to the APC circuit. 

PD

APC

VCC

IF

LD

Slow starter

t
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No.2 Failure due to Excessive Current During Measurement Using APC Circuit 
Description 

1. Symptom 

After measuring laser diode characteristics using the circuit shown in the diagram below, laser output was reduced to 0 
using R1. When the next laser diode was put in place, it failed. 

2. Cause 

Because the circuit became open when the previous laser diode was removed, the output voltage increased to a VCC 
voltage of 12 V, causing the next laser diode to fail due to excessive current. 

PD

VCCLD

(–12V)

R1
+

–

R
e
fe

re
n
c
e
 v

o
lt
a
g
e
 d

io
d
e

 
Countermeasure 

Put the next laser diode in place after lowering laser output to 0 using R1 and lowering VCC so that the output voltage 
becomes 0. 
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No.3 Failure due to Excessive Current During Far Field Pattern Measurement 
Description 

1. Symptom 

When operating the laser diode using a constant current circuit and measuring the far field pattern, laser output suddenly 
stopped. 

2. Cause 

When the stage turned, partial contact occurred with one of the lead wires soldered to the socket, causing the VCC voltage 
(–12 V) of the constant current circuit to be applied intermittently to the laser diode. 

+
–

R
e
fe

re
n
c
e
 v

o
lt
a
g
e
 d

io
d
e

VCC (–12V)

Lead wires

Socket

LD

Laser beam

Location of partial contact (Intermittent open)

Rotating stage

 
Countermeasure 

(1) Use a clamp connector to make connections with the socket to prevent mechanical force from being applied to the solder 
points directly. 

(2) Check sockets and lead wires before use and replace with new ones regularly. 

Laser beam

Rotating stage

Socket

Flexible coaxial cable

Vinyl tube

Clamp-type connector

LD
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No.4 Failure due to Reverse Charge from Large Capacitor Connected to Power Supply Terminal 
Description 

1. Symptom 

Laser diode failed because a large capacitor was connected to the power supply terminal. 

2. Cause 

The voltage charged in the capacitor when the power supply was turned on and off caused a reverse current to be applied 
to the terminal of the laser diode, causing it to fail. 

Laser diode

driver circuit

100µF
LD

 
Countermeasure 

(1) Make sure capacitor capacitance values are suitable. 

(2) Check whether transient surges are applied when the drive circuit is turned on and off. 

Laser diode

driver circuit

0.05µF

 

Current probe

LD
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No.5 Failure due to Excessive Current During Laser Diode Measurement 
Description 

1. Symptom 

Laser diode suddenly failed while conducting measurements of characteristics using a constant voltage power supply to 
drive the laser diode. 

2. Cause 

A surge voltage up to 1,600 V was generated when Mr. A, who was working nearby, turned on a fluorescent light 
connected to the same AC line.  This surge entered the AC input of the laser diode’s drive circuit and caused a 
momentary over current to the laser diode. 

Laser diode

driver circuit

Surge voltage up to 1,600 V

AC line
Surge

Fluorescent light turned on

LD

 
Countermeasure 

(1) Insert an impulse noise filter and a normal noise filter between the AC line and the laser diode’s drive power supply. 

(2) Do not connect the laser diode’s drive power supply to an AC line connected by equipment that is turned on and off 
frequently. 

AC line

Laser diode

driver circuit

Impulse
noise filter

Impulse noise
Normal noise

Normal
noise filter

Type-1 ground

(10  or less)

LD
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No.6 Failure due to Excessive Current when Adjusting Output after Installation 
Description 

1. Symptom 

After being mounted on a circuit board, laser diode failed while its laser output was being adjusted using a variable 
resistor (VR). 

2. Cause 

Sticking by the variable resistor caused excessive laser output, causing optical damage to the facet of the laser diode. 

V

A

To laser diode

Variable resistor knob Knob turn angle

Spike voltage caused by 

variable resistor sticking
ON O

u
tp

u
t 
v
o

lt
a

g
e

 
Countermeasure 

(1) Replace variable resistors regularly with units free of sticking and check them using an oscilloscope to make sure no 
voltage spikes are produced. 

(2) Maintain a clear environment for the laser output adjustment process and circuit assembly process so that no dust 
adheres to the variable resistors. 

(3) Before connecting a laser diode to a circuit of the sort shown in the diagram below, turn power on and adjust output to the 
minimum setting.  Also, before removing the laser diode, once again adjust output to the minimum setting and switch the 
power off afterward. 

Knob turn angle

A

A

+

−

LD

CR1

R2

PD

Output switch

Output
adjust
knob

P.S.

P.S.: 0 to 15 V fixed-voltage power supply
R1 = 100Ω, 2 W

R2 = 50Ω, 2 W
C = 0.05µF
PD: Receiver element

AC 
main 
switch

AC
100V

Line noise filter

0 to
15V

O
u

tp
u

t 
v
o

lt
a

g
e
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No.7 Damage to Laser Diode During Soldering 
Description 

1. Symptom 

After soldering the laser diode to the laser diode drive circuit board and applying drive to the circuit, the laser diode did not 
work. 

2. Cause 

A voltage surge from the commercially available AC 100 V soldering iron caused the laser diode to fail. 

LD

Surge

Lead wires

AC100V

 
Countermeasure 

(1) Use a grounded 3-terminal soldering iron. 

(2) Use a transformer to reduce the secondary voltage and ground the tip of the soldering iron. 

AC
100V

1 MΩ

24VC

Tip of soldering iron

Ground for tip of soldering iron

The tip of the soldering iron should 
be grounded and free of leaks and 
inductance potential.
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No.8 Failure Caused by Excessive Current Due to Operation Timing Control Error 
Description 

1. Symptom 

Laser diode failed when power was turned on in a circuit of the type shown in the diagram. 

2. Cause 

The CR time constant of the slow starter was too large, delaying the rise of the automatic power control (APC) circuit and 
causing excessive current to flow into the laser diode, which caused it to fail. 

LD
C

R

PD

Slow starter

APC

1
0
0
 m

A
/d

iv
.

0
 m

A

10 ms/div.

Surge waveform (laser diode current)

PG

SW

 
Countermeasure 

Pulse generator (PG) should be placed after the slow starter to get the same power on timing of APC and PG. 

LD

C

R

PD

Slow starter

APC

PG

SW
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No.9 Failure due to Excessive Current During APC Circuit Check (1) 
Description 

1. Symptom 

While using an APC circuit and a digital voltmeter to check laser output, laser diode failed while measuring the monitor 
voltage. 

2. Cause 

(1) Voltmeter probes (+ and –) came into contact with each other (shorted), causing excessive current to flow into the 
laser diode and making it fail. (Example 1) 

(2) The response characteristics of the APC circuit are very sensitive, a surge resulted when the probes touched the 
circuit terminals, reducing monitor output and causing excessive current to flow into the laser diode, which caused it to 
fail. 

APC

Digital voltmeter

(Example 2)(Example 1)

Surge
Short

LD
PD PD

RL

VR

RM RM

VR

 
Countermeasure 

Do not check the circuit by bringing terminals of external equipment into contact with it while the APC circuit is operating. To 
perform monitoring, connect the measuring equipment to the appropriate terminals beforehand (before the circuit starts 
operating). (Example 3) 

Digital voltmeter

(Example 3)

PD 10 kΩ < R1, R2

R1, R2 < R3 (approx. × 10 or more)

RM R2

R3

R1

VR
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No.10 Failure due to Excessive Current During APC Circuit Check (2) 
Description 

1. Symptom 

While using a rotary switch to check the operation of multiple APC circuits, laser diode failed when monitor terminals were 
switched. 

2. Cause 

During switching using the rotary switch, sticking or chattering occurred when contact was made with the terminals. This 
caused excessive current to flow into the laser diode and made it fail. 

APC3

APC2

LD3

LD2

LD1

APC1

Sticking or chattering

Digital voltmeter

Rotary switch

 
Countermeasure 

Use a multiplexer or the like to check multiple APC circuits so that no mechanical contact is involved. 

APC3

APC2

LD3

LD2

LD1

APC1

Digital voltmeter

Multiplexer
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No.11 Failure due to Surge from AM Switch for Indoor Touch-tone Telephone 
Description 

1. Symptom 

The work area was equipped with a conductive mats and the workers were grounded, but laser diode failure occurred 
during laser diode assembly and operation testing. 

2. Cause 

An AM switch for the company’s internal touch-tone telephone system was located nearby in the same work area. Surges 
were generated during circuit switching. The surges entered the laser diode drive circuit line and caused the laser diode to 
fail. 

Switch

Same work area
 

Countermeasure 

(1) Shield the AM switch to prevent surges from being propagated externally. 

(2) Do not install equipment such as AM switches, which employ electrical circuit switching functions, in the laser diode work 
area. 
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