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Surge prevention for laser diodes

This application note describes surge prevention for laser diodes.

Examples of surge prevention

Cate
No. contents example
gory P
1 Secure the grounding properly by oneself. Attach the grounding band through 1Qresistor.
2 Standardize the grounding for workbench, inspection equipment and Standardize the grounding for shield room when
mounting platform. using there.
) ) S . Cover the work chair with the electrostatic cover
Work 3 Secure the grounding for the work chair which is electrically charged. and attach the ground chain.
envir 4 Wear the conductive clothing.
onme
nt 5 Install the conductive mat in the product rack.
6 Use the conductive material to made the trays used in the process. resistance value (106~10°Q/0)
7 Use ion blowing or work in a weak ion atmosphere in conductive
environment.
Control the humidity of the room atmosphere Target 50+10% RH.
9 Wire to each measurement power supply through noise filters.
10 Install a static eliminator on the belt that touches the equipment to
prevent it from being charged.
?g:rlwlz 11 Secure the grounding of the product suction pads.
12 Prevent chatter from occurring in a relay that connects to the power
supply.
13 Use a power supply with no ripple.
) ) . Turn off the power supply by dropping the
14 aDo Tigf:i tl"wrﬂg:empec;\g’:;su?gét?i?a/ IC)cl;Fa\;\;l'::lLeer??t?czpeCIﬁed voltage is volume resistors, turn it on and then raise it to
ppiied, 9 ) the specified voltage.
Oper 15 Do not turn ON/OFF the power to the lines or lights in the same room
ation when assembling Laser Diode and adjusting operations.
Adjust initially the voltage of the volume resistance which controls the
16 power supply voltage to the lowest point.
(Volume resistance is often set at an intermediate value.)
17 | Use the conductive gloves and finger sacks.
th 18 | Connect the end of the soldering iron to the ground. Use a soldering iron with three-terminal.
other
19 Check the effectiveness of static elimination if iron blowing is used.
20 Use the volume resistors with no entanglement. Replace the volume resistors on a regular basis.
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Measures against noise and surge voltage

Generally, the electronic devices are designed including about 10% increase or decrease as changes of the
consumer power. However, if a machine that generates surge voltage is used in the vicinity, malfunctions or
malfunctions caused by fluctuations in the power supply voltage may occur. This is due to a surge superimposed on
the power lines and a surge of impulse state can be induced in case of lightning, etc. In response to that, it could
be reduced by inserting the filter like [Fig.2-1] into the AC line side. Even if a surge and static electricity do not
indirectly enter from the AC line, if there is a risk of direct application to components including semiconductor
devices in the circuit board, the shield is required to be attached and the ground impedance to the shield is also
required to be low value. [Fig. 2-2]

In case that static electricity or surge pulse may be applied directly as noise, as a special case, a protective circuit
may be inserted as shown in the figure. The time constant of Rx x Cx should be set to the range suitable for
absorbing surge pulse without affecting the operation.
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[Fig. 2-1] [Fig. 2-2]
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Variety of noises
Some of the noise that can cause implementation problems is (a) generated between the ground and signal lines
and (b) induced between the signal lines. [Figure 2-3]

These have different effects on the devices and how to deal with them. The following is examples of coupling a

noise source and a signal line. (The conceptual diagram of a power line as a noise source is shown in [Fig. 2-4]. )

1. By conduction The leakage impedance between noise source and signal line.
2. By electrostatic induction  The capacitive coupling between noise source and signal line.
3. By magnetic induction The mutual conductance between noise source and signal line.
4 . By crosstalk When two or more signal lines are adjacent to each other, electrostatic or
electromagnetic induction induces a noise voltage on one of the signal lines.
5. By grounded loop The potential difference between two points becomes a noise when the signal
Lines are installed for transmission and reception.
6. By reflection Reflected waves due to impedance mismatch in signal lines are superimposed
on the signal.
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2.Capacitive coupling /
Signal line =< M .
~ 1 |3.Magnetic
\A / coupling
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[Fig. 2-3] [Fig. 2-4]

Noise Reduction

To create a noise-free system, find the source of the noise and eliminate or reduce it. Try not to pick up noise. Use
a circuit with a large noise margin. Provide protection circuits.

1. Countermeasures at the noise source

The most effective countermeasure is to treat the source of the noise. This can be done by using diodes, or
resistors, capacitors, and capacitors in parallel with the relay coil. The surge voltage can be reduced by inserting a
filter. Also, for noise passing through the AC power supply line, a filter can be inserted into the source power line.
For devices that generate a strong electric field, if a countermeasure is implemented on the source side, such as

applying a shield to the device that generates a strong electric field, the disturbed device will be subjected to a
disturbance.
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No system-wide measures are required. Other measures, such as separating it from the source of the problem,

are also possible.

2. Grounding line measures

The circuit system grounding line should be dedicated and completely separated from the other power lines

and other grounding systems to eliminate the current flowing through the grounding system to the circuit

system. In addition, only one point of grounding between the circuit system and the enclosure is required, and

the circuit system and the enclosure must be do not form a closed loop. [Figure 2-5]

Signal line

Circuit Circuit i Circuit
Power <—Grounding to case
supply Case
[Fig. 2-5]
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3. Shield measures

Shielding the signal lines, and the entire system, is a good way to reduce the impact of external noise. In case
of noise due to electrostatic coupling, cover it with a good conductor and ground it. This allows noise that would
be included on the signal line in the absence of shielding to be induced in the shielded line and it is bypassed to
ground. Other examples of shielding are the commonly used twisted-pair wires. Noise is reduced if the two
signal lines are symmetrical in terms of signal source, receiver circuit and ground noise source. If the twisted-
bitch of the signal line is also made smaller than the transmission distance, it can be balanced and external

noise is reduced. In the case of twisted pair wires, a grounding loop may occur, but it can be eliminated as
shown in [Fig. 2-6].

LT

Grounded loop r\WhoIe Shield

: o 25, T — O o O = — ?,\ \r\wv?(}
|
T

(a) Bad example with the (b) Good example with no
grounded loop . grounded loop
[Fig. 2-6]

4. Filter measures

Generally, power supply noise tends to enter through the AC lines, so AC line filters are installed on the source
side or the AC power supply side of the circuit system. It is also necessary to reduce the power supply
impedance from the circuit system side as much as possible, so capacitors are inserted at each point of the
power supply line to reduce the impedance to noise. In this case, it is desirable to insert in parallel a large

capacitor as a bypass for relatively low frequencies and a small capacitor with low impedance for high
frequencies.
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5. Surge Protection

Circuit systems can be subjected to surge voltage effects. The main examples are listed here. When an LD is

used in the same set as an oscilloscope, if the high voltage circuits are close to each other, surge voltages may

be applied due to discharge. [Fig.2-7] and [Fig.2-8] show examples of LDs with resistors and capacitors

between their terminals to absorb and reduce surge voltage. How to reduce the surge voltage is a major factor

for improving reliability. [Fig. 2-7] is an example where a capacitor and a resistor are inserted to protect the

output end of the LD to reduce the surge induced in the lead wire. [Fig. 2-8] shows an example of absorbing a

surge entering the power supply, and to prevent the surge destruction of LDs, it is necessary to search for the

surge penetration path and the penetration terminal and take the measures described above. The next thing

that is often overlooked is that there is a case where a potential difference is caused by a surge on the line of

the power supply line that is originally thought to be equipotential, and the LD may be destroyed. In this case, it

is necessary to take measures to prevent surge-induced damage to the line by using an arrangement and wiring

system that does not cause a surge, by applying a shield, and by considering the ground point.

Surge
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! |
! |
! €=Surge absorber
( ]
N -
[Fig. 2-7]

6. Surge measurement method
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In the previous section, we have discussed how to remove noise that causes surges.

Please design and develop your circuits and systems with these measures in mind. After the circuit and system

are decided, it is necessary to check the current in the LD drive circuit for actual surges, as close as possible to

the actual drive conditions. For this purpose, as shown in [Fig. 2-9], use a rolling mode with a current probe

and a digital storage oscilloscope to confirm that no surge is generated during actual operation. (The figure

assumes a noise source, but there are many cases where surges are generated by the drive circuit. In this case,

you can still detect the surge with this method.)

Current probe
Current probe ~ @mplifier l:,
Noise source] D.!'iV? Digital
Circuit storage
LD oscilloscope
L Filter [ |
AC line
[ 7-}7- B
[Fig. 2-9]
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Examples of surge destruction and measures

1.0vercurrent (inrush current) breakdown at the time of APC circuit mounting : Breakdowns due to transient

characteristics at the rise of power supply

Ve
Z LD: Shown as P type 1
° 4 ¢ Overcurrent
APC PD _ (Inrush current)
Drive circuit : ;
rJT Time
WAdd a slow starter circuit.
Vee
SW
\o— I
APC
Drive circuit
s
Time

Slow starter circuit
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2. During the exchange of samples in the APC circuit, VR1 was lowered and LDs were exchanged in order to reduce
the optical output to zero, but the exchanged LDs were destroyed by an overcurrent. When the previous LD was
removed, the circuit became open and the output voltage rose to Vcc, which caused an overcurrent to flow to the

next LD and destroy it.

T vee

>

TIT T); TIT

w Reduce output voltage before setting LD.

After lowering VR1 so that the light output becomes 0, Vcc is lowered so that the output voltage becomes 0,

and then the LD is set.

3. Destroyed because a large capacitor was connected to the drive power supply terminal.

: The voltage charged to the capacitor when the power supply is turned off causes current to be applied to the LD

drive power supply terminals in reverse, resulting in an overcurrent breakdown.

Drive circuit

\ 100pF m LD
|

r
w Optimize capacitor capacity.
Put a resister in parallel with the capacitor.
Check if transient surge is applied
when the circuit is ON/OFF.

Digital oscilloscope

Current probe

Drive circuit

1uF 100kQ LD

L™

No. 63ANO89E Rev.001
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4. LDs were destroyed the moment the fluorescent lamp on the next seat was turned on during LD characteristics

measurement.

: This is due to a surge of ~ 1,600 V in the common AC line when the fluorescent lamp is turned on and enters
the AC input of the LD drive circuit.

y4 N\
L& D\
/71 PN
Fluorescent light ON — Surge is generated by the glow blinking.
_—
~ 1600V surge
"
Drive circuit
LD
AC line

w Put both impulse and normal noise filters
between the AC line and the drive circuit.
Separate the noise source and the AC line of drive circuit.

Impulse noise filter

Normal noise filter
Example of

impulse noise filter

Drive circuit
Example of

LD )%W normal noise filter

Type 1 earth (Below 10Q)

AC line
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5. LDs were broken when the variable resistor was turned during the output adjustment of LDs. Overcurrent flowed
and destroyed due to the skinny variable resistor.

Output voltage
N A ®&-+—
To LD
@ @__. Spike voltage is generated
Due to the adjustable resistor noise

'‘Adjustable resistance knob Knob rotation speed

w Replace the adjustable resistor regularly.
Check that there is no spike voltage by the oscilloscope.
Keep the process clean to avoid dust on the adjustable resistor

Output voltage

Knob rotation speed

6. LDs were destroyed when the power SW was turned on in the circuit below.
A large time constant of the slow starter causes a delay in the rise of the APC, resulting in an overcurrent that

destroys it.
' S
sw : ; Pt :
)_T;: [ APC D:
@ brive circuif | PD ELD SR/%V:;” aP
::/ \TC J |
Pulse generator .
R <—Slow starter section
w Pulse generator is set behind the slow starter section,
~and rise and APC are occurred at the same time.
lr | —— Lo
SW : : P
: H APC
@ prive circuif | PD
Pulse generator
E@Slow starter section
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7. The LD was destroyed while measuring the monitor voltage in the APC circuit to check the light output. The
probe of the voltmeter short-circuited each other and the monitor voltage became 0, which caused an overcurrent
to flow to the LD. (In the figure below) A surge from the voltmeter may cause a decrease in the monitor voltage

and an overcurrent to occur even without a short circuit.

APC
Drive circuit

LD : Shown as N type E]

Digital voltmeter

w Don’f check by external contact while the APC circuit is driving.
Connect to the appropriate pins before driving.

[10k0 <R1,R2 <<R3 (About 10 times~) |

APC
Drive circuit

Connect before driving Digital voltmeter

© 2020 ROHM Co., Ltd. No. 63ANOS9E Rev.001
11/11 2020.8



Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

http://www.rohm.com/contact/

www.rohm.com
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