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This document is copyrighted with All Rights Reserved. Under copyright laws, this
document must not be copied in full or in part, or reproduced by any other media,
without the express written permission of Coherent, Inc. (Coherent). Permitted copies
must have the same proprietary and copyright notices as were attached to the original.
This exception does not permit copies—whether or not sold—to be made for others;
however, all the material purchased can be sold, given, or loaned to another person.
Under the law, “copying” includes translation into another language.

Coherent, the Coherent Logo, and the Monaco Laser are registered trademarks of
Coherent, Inc. All other trademarks or registered trademarks are the property of their
respective owners.

Patents referenced in this manual are active when the manual is printed (see last page
for the date). You are advised to check if the patents are still active www.coherent.com/
legal/patents.

Every effort was made to make sure that the data shown in this document is accurate.
The information, figures, tables, specifications, part numbers, and schematics
contained in this manual are subject to change without notice. Coherent makes no
warranty or representation, either expressed or implied, related to this document. In no
event will Coherent be liable for any direct, indirect, special, incidental, or consequential
damages caused by any defects in its documentation.

Technical Support

In the U.S.:

Should you experience any difficulties with your laser or need any technical information,
please go to our web site www.Coherent.com. Should you need further assistance,
please contact Coherent Technical Support by e-mail
customer.support@coherent.com or telephone, +1-734-456-3100. Please be prepared
to supply the model and laser head serial number of your laser system,   the description
of the problem, and any attempted corrective steps to the Product Support Engineer
responding to your request.

Telephone coverage is available Monday through Friday (except U.S. holidays and
company shutdowns). Inquiries received outside of normal office hours will be captured
by our automatic answering system and will be quickly returned the next business day.

Outside the U.S.:

If you are located outside the U.S., please visit www.Coherent.com for technical
assistance, or contact your local Service Representative. Service Representative
telephone numbers and addresses can be found on the Coherent web site.

Coherent provides telephone and web-based technical assistance as a service to its
customers and assumes no liability for any injury or damage that can occur at the same
time with such services. Under no conditions do these support services affect the terms
of any warranty agreement between Coherent and the buyer. Operation of any
Coherent laser with any of its interlocks defeated is always at the operator's own risk.
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Introduction
1 Introduction

1.1 Signal Words and Symbols in this Manual

This documentation may contain sections in which particular hazards are
defined or special attention is drawn to particular conditions. These
sections are indicated with signal words in accordance with ANSI Z-535.6
and safety symbols (pictorial hazard alerts) in accordance with ANSI Z-
535.3 and ISO 7010.

1.1.1 Signal Words

Four signal words are used in this documentation: DANGER, WARNING,
CAUTION and NOTICE.

The signal words DANGER, WARNING and CAUTION designate the
degree or level of hazard when there is the risk of injury:

DANGER!
Indicates a hazardous situation that, if not avoided, will result in death
or serious injury. This signal word is to be limited to the most extreme
situations.

WARNING!
Indicates a hazardous situation that, if not avoided, could result in
death or serious injury.

CAUTION!
Indicates a hazardous situation that, if not avoided, could result in
minor or moderate injury.

The signal word “NOTICE” is used when there is the risk of property
damage:

NOTICE
Indicates information considered important, but not hazard- related.
1
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Messages relating to hazards that could result in both personal injury and
property damage are considered safety messages and not property
damage messages.

1.1.2 Symbols

The signal words DANGER, WARNING, and CAUTION are always
emphasized with a safety symbol that indicates a special hazard,
regardless of the hazard level:

This symbol is intended to alert the operator to the presence of addi-
tional information.

This symbol is intended to alert the operator to the presence of
important operating and maintenance instructions.

This symbol is intended to alert the operator to the danger of expo-
sure to hazardous visible and invisible laser radiation.

This symbol is intended to alert the operator to the presence of
dangerous voltages within the product enclosure that may be of suffi-
cient magnitude to constitute a risk of electric shock.

This symbol is intended to alert the operator to the danger of Electro-
Static Discharge (ESD) susceptibility.
2
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This symbol is intended to alert the operator to the danger of crushing
injury.

This symbol is intended to alert the operator to the danger of a lifting
hazard.

1.2 Preface

This manual contains user information for the Monaco 

NOTICE!
Read this manual carefully before operating the laser for the first time.
Failure to follow the instructions and safety precautions in this
manual can result in serious injury or death. Special attention must be
given to the material in “Laser Safety” (p. 9), that describes the safety
features built into the laser. Keep this manual with the product and in
a safe location for future reference.

DANGER!
Use of controls or adjustments or performance of procedures other
than those specified herein may result in hazardous radiation expo-
sure.
3
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1.3 Export Control Laws Compliance

It is the policy of Coherent to comply strictly with U.S. export control laws.

Export and re-export of lasers manufactured by Coherent are subject to
U.S. Export Administration Regulations, which are administered by the
Commerce Department. In addition, shipments of certain components are
regulated by the State Department under the International Traffic in Arms
Regulations.

The applicable restrictions vary depending on the specific product
involved and its destination. In some cases, U.S. law requires that U.S.
Government approval be obtained prior to resale, export or re-export of
certain articles. When there is uncertainty about the obligations imposed
by U.S. law, clarification must be obtained from Coherent or an
appropriate U.S. Government agency.

Products manufactured in the European Union, Singapore, Malaysia,
Thailand: These commodities, technology, or software are subject to local
export regulations and local laws. Diversion contrary to local law is
prohibited. The use, sale, re-export, or re-transfer directly or indirectly in
any prohibited activities are strictly prohibited.

1.4 The Operator’s Manual

This Operator Manual is designed to familiarize the user with the Monaco
system and its designated use. It contains important information on how to
install, operate, and troubleshoot the laser system safely, properly, and
most efficiently. Observing these instructions helps to avoid danger,
reduce repair costs, and downtimes and increase the reliability and
lifetime of the laser system.

This Manual:

• describes the physical hazards related to the laser system, the means
of protection against these hazards, and the safety features incorpo-
rated in the design of the laser system

• briefly describes the purpose and operation as well as the primary
features, system elements, subsystems, and fundamental laser
control routines of the laser system

• describes the fundamental operation of the laser system

• describes the maintenance procedures for the laser system which
can be performed by the end user. This includes a time schedule for
all periodic routine replacement procedures and a basic trouble-
shooting section.
4
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The screenshots in this manual are only examples and may show
configurations or parameter settings which do not apply to the spec-
ified laser system. Changing parameter settings to correspond with
screenshots may reduce laser performance or even damage the laser
system!

1.4.1 Intended Audience

The Operator’s Manual is intended for all persons that are to work on or
with the laser system. It assumes that the reader has participated in an
introductory training course which has taught them the safe operation of
the laser system.

None of the procedures described in this manual requires the defeating of
safety interlocks. Where specific training is required to perform
procedures, this is clearly indicated at the beginning of the corresponding
section.

1.4.2 Availability and Use

This Operator’s Manual must always be available wherever the laser
system is in use. Keep this manual in a safe location for future reference.
It must be read and applied by any person in charge of carrying out work
with and on the laser system, such as

• operation (including setting up, troubleshooting in the course of work,
removal of production waste, care and disposal of consumables)

• service (maintenance, inspection, repair) and/or

• transport.

The sections are numbered continuously.sectionsEach step within a
procedure is sequentially numbered. Each procedure starts with the step
number one.

1.4.3 Typographic Conventions

Menu commands, inquiries, and prompts are enclosed by quotation
marks.

• Example: “Are you sure (Yes/No)?”
5
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Single keys on the keyboard and terminal buttons to be pressed or
touched are written in angled brackets.

• Example: Touch <Yes> to confirm and to continue.

Examples are written in non-proportional, upper-case letters to simulate
the appearance of computer displays or printer output.

1.4.4 Cited Standards

Unless otherwise stated, all technical standards cited in this manual relate
to the latest version of the standard that is applicable at the date of the
publication of this manual.

This information is in compliance with the Performance Standards for
Laser Products, ’  United States Code of Federal  Regulat ions ,
21 CFR 1040.10(d). In many cases, the international standards (ISO and
IEC standards) have been adopted wholly or in part by national or regional
standards authorities and are known locally under the designation
assigned by this authority. For instance, the IEC 60825-1 has been
adopted by the European Committee for Standardization as the standard
EN 60825-1 and, in turn, by various national standards authorities as
standards such as DIN EN 60825 (Germany) and BS EN 60825 (United
Kingdom). The exact content, number and revision date of the national
standard may, however, vary from that of the corresponding international
standard. For further information, please contact the publisher of the
respective national standard.

1.5 Units of Measurements

In this manual, units of measurement are used according to the metric
system (international system of units (SI)), e.g. meter, millimeter, square
meter, cubic meter, liter, kilogram, bar, pascal; and imperial system, e.g.
tons, pounds, and ounces; gallons and quarts; miles, yards, feet, and inch.

Temperatures are primarily indicated in degrees celsius (°C) and
fahrenheit (°F).

1.6 Feedback Regarding Documentation

If there are any comments regarding the documentation provided, please
contact the Coherent Documentation Department.

In any correspondence, please provide the following:
6
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• the document part number, revision, and date of issue,

• the section number, page number and, where applicable, the proce-
dure step number,

• a description of any errors,

• a proposal for improvements.

1.6.1 Feedback Address

E-mail documentation.support@coherent.com

Post Coherent, Inc
Documentation and Training Development Department
5100 Patrick Henry Drive, MS-P2-49
Santa Clara, CA. 95054
USA
7
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Laser Safety
2 Laser Safety

This laser safety information must be reviewed thoroughly prior to
operating the Monaco system. Safety instructions presented throughout
this manual must be followed carefully See “Laser Safety” (p. 183) for
additional laser safety information and guidelines. 

Table 2-1.  Laser Safety 

Scope

This user information is in compliance with the following stan-
dards for Light-Emitting Products IEC 60825-1 “Safety of laser 
products - Part 1: Equipment classification and requirements” 
and CDRH 21 CFR Title 21 Chapter 1, Subchapter J, Part 1040 
“Performance standards for light-emitting products” except for 
conformance with IEC 60825-1 Ed. 3 and IEC 60601-2-22 Ed. 
3.1, as described in Laser Notice No. 56, dated May 8, 2019.

Hazards

- Biological/Optical

Exposure to laser radiation may damage the eyes or skin. Wear 
appropriate laser safety eyewear for protection against the 
specific wavelengths and laser energy being generated.
See “Optical Safety” (p. 183) for additional information/guide-
lines.

- Electrical

Laser uses AC and DC voltages that are potentially hazardous. 
The rules for electrical safety must be strictly followed.
See“Electrical Safety” (p. 185) for additional information/guide-
lines.

- Chemical Contact of the laser beam with volatile or flammable substances, 
or released as a result of laser material processing.

Laser Classification
The Monaco is classified as CDRH Class IV and IEC 60825-1, 
Class 4 based on 21 CFR, Subchapter J, Part 1040, section 
1040.10 (c) and IEC 60825-1:2014, Clause 4 respectively.
9
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WARNING!
Use of controls or adjustments or performance of procedures other
than those specified herein may result in hazardous radiation expo-
sure.

Control Measures

Laser incorporates protective housing, safety interlocks, remote 
interlock connector, key switch, laser emission indicators, beam 
attenuator, operator’s controls, display, and manual reset mech-
anism in accordance with CFR 1040.10 (f)(6)/IEC 60825-1. See 
“Safety Features and Compliance with Government Require-
ments” (p. 187) for additional information.

Warning Labels Refer to Figure VII-6 on page 196 for the location of all safety 
labels.

Table 2-1.  Laser Safety 
10
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3 Description and Specifications

3.1 System Description

The Monaco laser system is an ultrafast diode-pumped fiber laser with
pulse repetition rates from single shot to 50 MHz.

Monaco possesses superior levels of reliability and cost of ownership,
unmatched by other femtosecond lasers. The unique headboard
electronics interface reduces all laser management to a single head
board.

Monaco’s compact laser head is machined from a single block of stress-
relieved aluminum. This monolithic structure ensures an optical alignment
that is kept during the life of the laser. This head encases all of the optical,
electrical, and control elements. There are no umbilicals, no cumbersome
wiring harnesses between power supply boards, and no remotely located
pump diodes. Furthermore the laser head acts as its own clean room
environment, thanks to the onboard PureFemtoTM cleaning engine
ensuring that the interior stays as clean as it was when the laser was built.

The Monaco design and assembly is done under the industry’s most
stringent test benchmarks. HALT (Highly Accelerated Life Test) and HASS
(Highly Accelerated Stress Screen) standards are the hallmarks of the
design philosophy behind the Monaco. All components, as well as the full
system, are tested to environmental levels well beyond normal application
conditions. This attention to vigorous testing ensures that the Monaco
quality and reliability levels are beyond that of any other femtosecond
laser. 

3.2 Monaco Laser Head

The optical elements of the laser head include a seed laser, seed acousto-
optic modulator (AOM), amplifier, and output acousto-optic modulator
(AOM).

The Monaco features several modes of operation for precise control over
the output pulses. See “Operating Modes” (p. 54) for a complete
description of seed laser and amplifier functionality. See Figure 3-2 below
for the seed laser and amplifier block diagram.  
11
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3.3 Seed AOM & Seeder Burst

A modelocked seed laser provides a high repetition rate pulse train for
subsequent pulse picking and amplification. A fast AOM on the seed laser
output allows the pulse train to be divided-down to achieve lower
repetition rates, and suitable gating of the seed AOM offers single or
bursts of pulses in the reduced repetition rate pulse-train. The pulse train
is then delivered to the amplifier. 

User settings allow control of the reduced repetition rate from the seed
AOM and the number of pulses in each seeder burst. This seeder burst
allows pulses to be delivered separated by approximately 20 ns. An
example of a seeder burst containing 5 pulses is shown in Figure 3-3. 

Figure 3-1.  Monaco Laser System

Figure 3-2.  Laser Head Block Diagram - Seed Laser, Amplifier,and AOM

Seed Laser Seed AOM Amplifier              Output AOM
 

Laser Head Pulsewidth
Adjustment
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3.4 Output AOM

The pulse train from the seed AOM is further amplified in a high-gain
amplifier, which exits the laser through an output AOM. The output AOM
allows a wide range of gating, power tuning and pulse selection options.
For a full description of these options see “Operating Modes” (p. 54). The
user has multiple options with the seed AOM in conjunction with output
AOM.

Figure 3-3.  Seed Laser AOM & Seeder Burst Example
13
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3.5 Specifications

The specifications for the Monaco laser are summarized below. Full
spec i f i ca t ions  fo r  a l l  Coheren t  p roduc ts  can  be  found  a t
www.Coherent.com.   

Table 3-1.  Monaco Specifications

Specificationsa Monaco 
1035-20-20 LP

Monaco 
1035-40-40

Monaco 
1035-80-60

Wavelength (nm) 1035 ± 5 1035 ± 5 1035 ± 5

Average Output Power (W) 20 40 60

Energy per Pulse (µJ) 20 @ 1 MHz 40 @ 1 MHz 80 @ 750 kHz

Seeder Burst Mode (uJ) >80 >200 >320

Pulse Repetition Rate Range Single Shot to 1 MHz. 
Higher rep rates without AOM pulsepicking 1-50 MHz

Pulsewidth (fs) <350 fsb 

Pulsewidth Tuning Range <350 fs to >10 ps

Spatial Mode TEM00 (M2 <1.2)

Beam Divergence (mrad, 2θ) <1

Beam Diameter 1/e2 (mm) 2.7 ± 0.3c

Beam Circularity (%) >85

Polarization Ratiod >100:1 Vertical

Beam Pointing Stability (μrad/°C) <25

Pulse Energy Stability (%, RMS) <1.5

Power Stability (%, RMS, 2σ)e <1.5

Warm-up Time (minutes)
Cold Start
Warm Start

<45
<15

Long-term Beam Pointing Stability
(μrad, at fixed rep-rate )

±25 over 8 hours

Power Consumptionf (typical) 48VDC, <500W

All specifications are subject to change without notice.

a.All specifications at full energy and repetition rate.
b.Based on sech2 deconvolution factor of 0.65 times autocorrelation width.
c.Measured at 1m from laser output window.
d.External isolation required depending on application.
e.Measured at 100% power.
f.Optional 110-240VAC power supply available.
14
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Table 3-2.  Environmental Specifications

Parameter Value

Operating Specifications

Temperature (Non-Condensing):
Laser Head
Power Supply

Relative Humidity (%):

+10 to 30°C (50 to 86°F)
-20 to +60°C (-4 to 140°F)

<90, non-condensing

Non-Operating Specificationsa

Temperature (Non-Condensing):
Storage
Shipping

+5 to 65°C (41 to 149°F)
-20 to +60°C (-4 to 140°F)

a.Proper storage requires that the laser is disconnected, has its water drained, and is packaged with a desiccant.

Table 3-3.  Laser System Dimensions

Power Supply Laser Head

Length 37.8 cm (14.9 in.) 66.9 cm (26.3 in.)

Width 19.2 cm (7.6 in.) 36.0 cm (14.2 in.)

Height 8.3 cm (3.3 in.) 18.1 cm (7.1 in.)

Weight 4.5 kg (10 lb) 48.6 kg (107 lb)

POWER SUPPLY CABLE LENGTH: 3 m (10 ft.)

Note that the crated laser dimensions are 74 x 132 x 94 cm (29 x 52 x 37 in.), and the approximate crated weight
will be 136 kg (300 lbs).
15
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5 Operation

DANGER!
To prevent injury or damage, the laser output must be blocked or
pointed at a specified target. All personnel in the area must be wearing
laser safety eyewear.

DANGER!
To prevent injury or damage, never move the laser head while the
laser diodes are ON or the keyswitch on the power supply is enabled.

5.0.1 Initial Start-up Procedure

To start the Monaco laser system, follow each of the steps in the order
listed. If the power switch on the rear panel has been shut off, the Initial
Start-up procedure must be used. Refer to Table 5-2 (p. 56) for more
information. 

After a complete shut down, the warm up time may take up to 45 minutes
while the chiller temperature stabilizes to the set values. If a fault or
system message occurs during either startup or operation, refer to “Fault
Handling” (p. 74).

5.0.2 Preliminary Steps

1. The chiller reservoir must be filled with distilled water mixed with
Coolflow at 28% volume, the coolant lines are connected, the chiller
AC switch is in the ON position, and the coolant is flowing.

2. Set the power supply keyswitch to the Standby position.

3. Set the power switch on the power supply rear panel to the ON posi-
tion. The AC power indicator will illuminate.1

4. Install/open the Coherent Monaco GUI on a PC.

1. If the indicator does not illuminate, refer to “Service and Maintenance” for more information.
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5. Wait for the emission LED to light on the power supply front panel.

After the preliminary steps of the Initial Start-up procedure have been
completed, perform the Standby Start-up procedure below to complete the
Initial Start-up. 

5.0.3 Standby Start-up Procedure

For normal operation of the Monaco, Coherent recommends using the
Standby Start-up procedure listed below to turn on the laser. Before
restarting the laser after a Standby Shut-down has been performed, the
rear panel power switch must be in the ON posit ion and chil ler
temperature must be locked and stable1.

Refer to “Heartbeat Function” (p. 71) if a fault message occurs during the
start-up or normal operation.

1. Check that the coolant level in the chiller reservoir is full.

2. Block the laser beam using an appropriate beam attenuator.

3. Set up Communication (see Figure 5-1). On the GUI Main menu
tab, in the Connection to Laser panel, select the CONNECTION
button to open the Connection Options window.

4. In the Connection Options window select the laser system shown
(see Figure 5-2). To be listed the laser must be connected to the
computer using one of the following methods:

• RS232 Port or

• Ethernet Port or

• Modem port or

• USB Port

The Ethernet connection is the recommended communication method as
it is typically the fastest. 
The Offline Mode enables review of Logdata files (See “Logging” (p. 94)).
Choosing Power Meter Only mode allows communication with only a
power meter - you will not be communicating with the laser. If you wish to
collect data from an external meter while connected to the laser, See
“Power Meter” (p. 95).
5. Set the power supply keyswitch to the ON position. Note that until

communication with the laser is established, the indicator lights may
not indicate the true status of the laser.

1. Laser in the standby state with main AC power on as described in Table 5-2.
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1. Main menu tab on the Coherent Monaco GUI
2. CONNECTION button

Figure 5-1.  Connecting GUI to Laser

1

2
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Figure 5-2.  Connection Options Screen Selections
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6. From the Main menu tab, select the Triggering tab.

7. On the Triggering tab, in the Triggering Setup panel, make the
following selections (see Figure 5-4):

a.) Select the Enable External Gate button if Gated or Burst Mode
is desired (See “Gated Mode” (p. 60)). This allows the user to
enable/disable pulsing by applying a TTL signal externally
through the Gate 1 port on the rear of the laser head.

Figure 5-3.  Triggering Tab on Coherent GUI Menu Screen
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b.) Select the Extern Energy Control button to adjust pulse energy.
This allows modulation of the output beam through the EXT
MOD Input connection on the rear of the laser head (see
Figure 5-18 on page 75).

a. External Gate 
(enables Gated/Burst Modes)

d. Process Burst Mode enable 
(requires External Gate)

b. External Energy Control e. Internal Gate triggering
(PulseEQ mode)

c. PulseEQ Mode enable f. Pulse Width Fine Adjustment

Figure 5-4.  Triggering Tab Selections

a

b

d

c

f

e
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c.) Select PulseEQ Mode if PulseEQ operation is desired. Note that
PulseEQ Mode can only be enabled after the initial steps
outlined in “PulseEQ” (p. 62) are followed. This will maintain the
laser pulse energy at the current value.

d.) Select the Process Burst Mode button if Burst Mode is desired
(See “External Input/Output Operation” (p. 58)). This button is
not available if the Enable External Gate button is not selected.
This allows the laser to emit a number (1–1,000,000) of laser
pulses (or seeder bursts) in a burst configuration at a specified
repetition rate when triggered by an external signal through the
Gate 1 port on the rear of the laser head.

e.) Enter a Burst Length value (only takes effect if Process Burst
Mode is selected and enabled). In Process Burst Mode, the
number of pulses emitted in a burst is controlled by the Burst
Pulses (BP) setting.

f.) Pulse width fine tuning allows for manual adjustments to the
pulsewidth in the range of -100 to 100 (arbitrary units, the actual
change to pulsewidth will vary depending on the laser model).
Pulse width fine tuning is only for use to compensate for disper-
sion in the user’s optical system.

8. On the Main menu tab, in the Laser Output panel at the bottom of the
screen, make the following selections (see Figure 5-5):

a.) From the Amplifier drop down menu select the amplifier repeti-
tion rate (in kHz) and number of pulses in each seeder burst
(See “Seeder Burst Mode (Optional)” (p. 57)). 

b.) The Pulse Width in femtoseconds is displayed. Pulse width is
preset and calibrated for every operating mode and repetition
rate of the laser. When the mode or repetition rate is changed,
no additional calibration for pulse width is required by the user.

NOTE: The choices available under the drop down menus will
change depending on the particular laser model and configura-
tion.
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9. Check that Pulsing is turned on. On the Main menu tab, in the Pulsing
panel, select the Switch On button (see Figure 5-6). When Pulsing is
turned off, there is very low laser output. This function allows output
to be quickly ramped up and down without requiring the laser to go
through start-up.
NOTE: When the pulsing is turned off, there may be some infrared
laser leakage. The Shutter must be closed via the button in the
Shutter panel to stop all laser output.

a. Select Amplifier Repetition Rate/Seeder Burst Pulses

Figure 5-5.  Laser Amplifier Panel Selections

a
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10. Start the laser. On the Main menu tab, in the System Status panel,
select the START button and wait for the System Status message
“On” to appear (see Figure 5-7). Allow at least 40 minutes for the
temperature servos and the chiller to achieve operating temperature.
Note that the system will not start if there is a red FAULT condition,
but it will continue to operate normally if there is a yellow WARNING
condition shown in the System Faults panel.

1. Pulsing SWITCH ON button

Figure 5-6.  Pulsing SWITCH ON Button

1
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11. Open the shutter. On the Main menu tab, in the Shutter panel, select
the OPEN button (see Figure 5-8). A message asks you to confirm
that you want to open the shutter, and gives the option of not being
asked again.

12. Select the OK button. The status changes to “Shutter Open” and the
shutter indicator lights.

1. START button
2. System Faults Indication

Figure 5-7.  START (the Laser) Button

1

2
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5.0.4 Standby/Shut Down

During normal operation, the Monaco system can be put in Standby mode
through the Coherent GUI. Using Standby mode eliminates the time
necessary for warm up during the Initial Power-up procedure. To put the
laser into Standby mode, do the following:

1. Disable the AOM. On the Main menu tab, in the Pulsing panel,
change to OFF. The pulsing status indicator light goes out.

2. Stop lasing. On the Main menu tab, in the System Status panel,
select the STOP button. The status reads “Laser Off” and the system
status indicator light goes out.

1. Shutter OPEN button

Figure 5-8.  Shutter OPEN Button

1
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3. Turn the keyswitch to the STANDBY position. (The key can be
removed for safety.)

4. Leave the AC Main Power switch on the back of the laser power
supply in the ON position. The chiller can remain in the ON position
and running (as long as you are using a Coherent approved chiller
that is communicating with the laser).

5.0.5 Complete System Shut Down 

Use this procedure when doing system maintenance or repair. To remove
all electrical power from the Monaco, complete the previous Standby/
Shut-down procedure, then do the following additional steps: 

1. Monaco laser: Turn off the AC Main Power switch on the power
supply rear panel.

2. Chiller: Turn off the coolant flow from the chiller. Complete shut down
of the laser can take up to two minutes. After complete shut down
there is no connection to the Coherent GUI.

5.1 Operating Modes

The Monaco laser system makes available several operating modes that
can be used in different combinations. Through control of the Monaco’s
seed AOM and output AOM components, the pulse repetition rate and
pulse energy can be adjusted from the Coherent GUI or by external input
through the rear connectors. Pulse width is preset and calibrated for every
operating mode and repetition rate of the laser. When the mode or
repetition rate is changed, no additional calibration for pulse width is
required by the user. Table 5-1 below is a summary of the Monaco
Operating Modes and the user selectable parameters to configure them.

Monaco lasers use patented techniques to maintain thermal equilibrium
for the laser gain media and other optical components. 
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Figure 5-9.  Laser Schematic and Laser Repetition Rates

Table 5-1.  Monaco Operating Modes

Pulse
Mode

Seed 
AOM Output AOM Pulsing Parameter

Required Set Up

Continuous/
Seeder Burst
Figure 5-10 & 
Figure 5-12

Sets MRR and 
number of 
pulses in 
seeder burst

Not used Amplifier Repetition Rate (MRR)
Seeder Burst Pulses

Gated
Figure 5-13

Sets MRR and 
number of 
pulses in 
seeder burst

Gates output 
On and Off

Amplifier Repetition Rate (MRR)
Seeder Burst Pulses

Divided Sets MRR and 
number of 
pulses in 
seeder burst

Divides down MRR by 
factor RRD

Amplifier Repetition Rate (MRR)
Seeder Burst Pulses
Repetition Rate Divisor (RRD)

Divided and 
Gated

Sets MRR and 
number of 
pulses in 
seeder burst

Divides down MRR by 
factor RDD
Gates output 
On and Off

Amplifier Repetition Rate (MRR)
Seeder Burst Pulses
Repetition Rate Divisor (RRD)

Process Burst Sets MRR and 
pulse number 
in seeder burst

Sets BP pulses in 
process burst output

Amplifier Repetition Rate (MRR)
Seeder Burst Pulses
Process Burst Pulses Setting (BP)

Burst and 
Divided

Sets MRR and 
pulse number 
in seeder burst

Sets BP pulses in burst 
output
Divides down MRR by 
factor RDD

Amplifier Repetition Rate (MRR)
Seeder Burst Pulses
Process Burst Pulses Setting (BP)
Repetition Rate Divisor (RRD)

PulseEQ Sets MRR and 
pulse number 
in seeder burst

Gates output 
On and Off

Amplifier Repetition Rate (MRR)
Seeder Burst Pulses

Seed Laser Seed 
AOM Amplifier

             Output
    AOM
 

Seed Rep 
Rate (SRR)

Amplifier 
Rep Rate 
(MRR)

Amplifier 
Rep Rate 
(MRR)

Output Rep 
Rate (RR)
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5.2 GUI Operation

This section describes the operation of the laser through the Coherent
GUI program. The program is supplied on a USB drive included in the
accessory kit. Refer to “Coherent GUI Installation” (p. 37) for instructions
on installing the program on the computer. Table 5-2 summarizes the
operating states of the Monaco laser system.

5.2.1 Continuous (Pulse) Mode

The Monaco laser is operated at a steady pulse repetition rate set by the
amplifier repetition rate (MRR) (see Figure 5-9 on page 55). The amplifier
repetition rate can be selected through the Coherent GUI Main menu (see
Figure 5-11 on page 57), or through the serial command SET. For systems
with the Interpolated mode option, any repetition rate between 1 to 4 MHz
can also be entered directly into the GUI or through the serial command
SET.   

Table 5-2.  Operating States

State Switch Position Status

Off • Power Switch (rear panel): Off.
• All other switches: Any position.

All functions off. 

Standby • Power Switch (rear panel): On.
• Key switch: STANDBY. 

Temperature servos on.
Current to laser diodes off.

Laser 
enabled

• Power Switch (rear panel): On.
• Key switch: LASER ENABLE.

Temperature servos on.
Current to laser diodes can be on or off.
Pulsing can be on or off.

Figure 5-10.  Continuous Mode (PM=0) - Does Not Use Gate Signal
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5.2.2 Seeder Burst Mode (Optional)

For systems with the Seeder Burst mode option, multiple pulses are
grouped into a short time window. The separation between pulses in the
seeder burst is determined by the seed laser repetition rate (SRR) and is
approximately 20 nsec (see Figure 5-9 on page 55). The exact separation
between pulses can be calculated from 1/SRR, where the seed repetition
rate can be found by using the query ?SRR from the Command Prompt

Figure 5-11.  Output Drop Down Menu
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(See “About Menu Tab” (p. 87)). For example, with a seed repetition rate
of 50MHz the pulse separation would be 20nsec. The maximum output
power in Seeder Burst Mode is still limited to 40W in a 1035-40 system.
The number of pulses in each seeder burst can be chosen from the values
in the Coherent GUI Amplifier Rep Rate drop down menu (see “Output
Drop Down Menu” (p. 57)). If a seeder burst contains only one pulse, the
laser operates the same as in Continuous Mode and it is simply a
continuous stream of single pulses at the amplifier repetition rate (MRR).
For example, at a 1 MHz amplifier repetition rate, changing the number of
seeder burst pulses from 1 to 2 will decrease the amplifier repetition rate
to 500kHz while maintaining 40W output power (pulse energy is still
40μJ). The repetition rate and the number of pulses in a seeder burst can
be specified using the Coherent GUI drop down table (see Figure 5-11), or
through the serial command SET. If the SET command is used (see “SET
Command” (p. 118) for a detailed description), the amplifier repetition rate
and pulses per seeder burst entered are limited to the options displayed in
the GUI drop down menu. See Figure 5-12 below for an illustration of
Seeder Burst Mode. 

5.2.3 Divided Mode

Divided Mode enables Monaco laser output at lower pulse repetition rates
by using the AOM to reduce the output laser pulse (or seeder burst)
repetition rate by a frequency/rep rate divisor (RRD) chosen by the user.
For example, for an amplifier laser pulse repetition rate of 1MHz and
setting the divisor to 4, the output repetition rate would be 250kHz, the
average output power would be divided by 4, and pulse energy and pulse
width would be unchanged. To utilize Divided Mode, simply choose the
desired repetition rate from the “Output” drop down menu in the Laser
Settings window of the Main Tab of the GUI (see Figure 5-11). The divisor
can also be specified by choosing a frequency divider through the serial
command RRD. The value for the divisor can be from 1 - 65,535. Note
that the pulse energy of the laser will not change in Divided Mode, only the
repetition rate and output power.

5.3 External Input/Output Operation

This section describes the operation of the laser utilizing the connections
found at the rear of the Monaco laser head (see Figure 4-1 on page 19
and Figure 4-2 on page 20).
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Figure 5-12.  Seeder Burst Mode
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5.3.1 Gated Mode

Gated Mode enables pulsing by applying a TTL signal externally through
the Gate 1 port on the rear of the laser head. (See “Gate 1 and Gate 2”
(p. 35)). As in Continuous Mode the amplifier repetition rate can be
selected through the Coherent GUI Main menu or through the serial
command SET. In Gated Mode, TTL high enables output pulses and TTL
low inhibits output pulses (see Figure 5-13). To utilize Gated Mode the
Enable External Gate button is selected from the GUI Triggering menu
(see Figure 5-4 on page 48), or by entering the serial command PM=1.

5.3.2 Divided and Gated Mode

Divided and Gated Mode enables pulsing by applying a TTL signal
externally through the Gate 1 port similar to Gated Mode, and at a lower
output pulse repetition rate similar to Divided Mode. To utilize Divided and
Gated Mode the External Triggering button from the GUI Triggering Menu
must be selected (see “Triggering Tab Selections” (p. 48)), or by using the
serial command PM=3. Again the repetition rate can be chosen from the
Output drop down menu (see Figure 5-11), or by the serial command
RRD. The value for the divisor can be from 1 - 65,535.

Figure 5-13.  Gated Mode

 

LASER
OUTPUT

GATE

Pulse Width
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5.3.3 Process Burst Mode

The Monaco laser can emit a number (1–1,000,000) of laser pulses (or
seeder bursts) in a burst configuration at a specified repetition rate. In
Process Burst Mode the number of pulses emitted in a burst is controlled
by the Burst Pulses (BP) setting. To utilize Process Burst Mode the
External Triggering and Process Burst Mode buttons are selected from the
Triggering Menu (see “Triggering Tab Selections” (p. 48)), or by entering
the serial command PM=4. The repetition rate and the number of pulses in
a process burst can be specified using the Coherent GUI, or through the
serial command SET and BP, respectively. Each process burst is initiated
by the transition from TTL low to TTL high similar to Gated Mode shown in
Figure 5-13. The process burst will continue until the specified number of
pulses is generated if the Gate 1 signal (see “Laser Head Features
Drawing” (p. 75)) remains TTL high. A process burst can be shortened by
a transition from TTL high back to TTL low. If a process burst is allowed to
continue for the specified number of pulses, the Gate 1 signal must be
reset from TTL high to TTL low before initiating the next burst.

5.3.4 Process Burst and Divided Mode

In Burst and Divided Mode the number of pulses (or seeder bursts)
emitted in a burst is initiated by the Gate 1 TTL signal and controlled by
the Burst Pulses (BP) setting similar to Burst Mode, and at a lower output
pulse repetition rate similar to Divided Mode. To utilize Burst and Divided
Mode the External Triggering and Burst Mode buttons from the GUI
Triggering Menu must be selected (see “Triggering Tab Selections”
(p. 48)), or by using the serial command PM=5. As in Divided Mode the
repetition rate can be chosen from the Output drop down menu (see
Figure 5-11), or by the serial command RRD. The value for the divisor can
be from 1 - 65,535. Note that if the gate period (when the TTL signal is
high) is not sufficiently long then some pulses in the burst may be cut off.
For example if RRD=4 and the output rep rate (RR) is 250kHz with BP set
to 10 pulses, then the gate period must be at least 40μs to allow all the
pulses to exit the laser.
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5.3.5 PulseEQ

PulseEQ is a feature for the Monaco laser system that allows either “pulse
on demand” using external triggering, or “frequency on demand” using
internal triggering. The user is able to vary the output pulse repetition rate
while holding the laser pulse energy constant.

PulseEQ is enabled by entering the PulseEQ mode from the Amplifier
drop down Menu on the Main Tab of the GUI (see Figure 5-14 on page
63). Alternat ively, the SET serial  command can be used (e.g.
“SET=1000:1:PulseEQ”). The PulseEQ function is only available for the
modes identified as PulseEQ modes in the drop down menu.
Allow 30 seconds for the laser to configure for PulseEQ operation -  wait
for the System Status to report “Ready”. 

The laser pulse energy is held constant at a value determined by the
amplifier repetition rate (MRR) selected, and is independent of the trigger
repetition rate or timing between external trigger pulses. Once PulseEQ is
enabled most other external operation modes – Gated, Divided, and
Process Burst – are not available. External Modulation through the EXT
MOD input is still available. 

To exit PulseEQ mode, again choose the desired operating mode from the
Amplifier drop down Menu on the Main Tab of the GUI (see Figure 5-14 on
page 63) and wait for the System Status to report “Ready”.

5.3.5.1 Pulse on Demand

In the default PulseEQ mode, pulsing is externally triggered by the rising
edge of a TTL signal externally through the Gate 1 port on the rear of the
laser head. (See “Gate 1 and Gate 2” (p. 35)). The external trigger signal
will determine the output repetition rate of the laser, and the pulse energy
is determined by the amplifier repetition rate (MRR) selected.The rising
edge of the input trigger pulse initiates pulsing i.e. at the TTL low-to-high
transition (see Figure 5-15). A square wave with a signal width greater
than 0.5 microsecond is recommended for the external input. The time
difference between the trigger pulses must be greater than 1/MRR (e.g.
greater than 1 μsec at 1 MHz), otherwise pulses will be missed. As the
pulses are selected from the seed laser repetition rate of 50 MHz, the
pulse variation (jitter) relative to the external triggering pulse will be no
more than 20 nsec.

5.3.5.2 Frequency on Demand

Using PulseEQ for “frequency on demand” using internal triggering can be
enabled by going to the Triggering tab of the GUI (see Figure 5-16),
selecting the “Internal Gate” button, and entering the desired laser output
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pulse repetition rate. Alternatively using serial commands, internal
triggering is enabled by entering GRREN=1 and choosing the desired
laser output pulse repetition rate by entering GRR=n (n is the repetition
rate in kHz). In this mode the pulse repetition rate is controlled by the
internal trigger repetition rate chosen (GRR in kHz). The pulse energy is
determined by the amplifier repetition rate (MRR) selected.The internal
trigger repetition rate is limited to a maximum defined by the PulseEQ
mode chosen from the Amplifier drop down menu (e.g. 1 MHz). 

Figure 5-14.  Choosing PulseEQ Mode
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By selecting the “Enable External Gate” button from the Triggering tab of
the GUI (see Figure 5-16), or by entering the serial command EG=1, an
external signal sent through the GATE 1 connector (see “Gate 1 and Gate
2” (p. 35)) also gates pulses. TTL high enables output pulses at the
internal trigger repetition rate (GRR) and TTL low inhibits output pulses).
For example, setting the internal trigger rate to 200kHz (GRR=200) and
with a 20kHz square wave input into GATE 1 would have output as shown
in Figure 5-17 on page 66.

Figure 5-15.  PulseEQ Mode (Pulse on Demand)
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Figure 5-16.  Triggering Tab - Selecting PulseEQ Internal/External Gate
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Figure 5-17.  PulseEQ Mode Output (Frequency on Demand)
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5.4 Basic Serial Commands for Operation

This section contains a subset of Monaco serial commands. They are
supplied here as a guide to start using the Monaco. There are two types of
instructions to communicate with the Monaco: commands that set the
values of laser operating parameters and queries that request the laser to
return the value of an operating parameter.

For initial setup of the laser, Coherent recommends use of the Coherent
GUI which eliminates the need to type these serial commands.

The ?HELP command supplies a list of all possible commands. To get a
sublist of all commands containing a specific key word, enter ?HELP
<keyword>. 

Table 5-3.  Basic Serial Commands (Sheet 1 of 3)

Comma
nd Brief description Notes

BP BURST PULSES Number of pulses in a process burst

?BP PRINT BURST PULSES Returns number of pulses in a process burst

CHEN CHILLER ENABLE CHEN=1 turns on the chiller
CHEN=0 turns off the chiller

EM EXTERNAL MODULATION EM=1 enables external modulation through the EXT MOD Input 
port 
EM=0 turns off external modulation

?EM PRINT EXT MODULATION Returns external modulation status

?F PRINT FAULTS Displays a list of faults, if present
Use the ?FNAME command to show a description of a particular 
fault. If a fault is present, it will turn off the laser.

FACK ACKNOWLEDGE FAULTS Send ‘FACK=1’ to acknowledge faults and return the laser to a 
ready state if the fault condition is lifted.

?FNAME PRINT FAULT NAME For example, send ‘?FNAME 4’ to get the description for fault 4.

?HELP PRINT HELP Shows a list of all commands or a subset if a keyword is used 
For example, ‘?HELP PULSE’ shows all PULSE related 
commands.

?HV PRINT HARDWARE VERSION Displays the internal revision level of major hardware compo-
nents

?K PRINT KEYSWITCH Returns laser enable keyswitch state
1 = Laser Enabled
0 = Laser in Standby (laser diodes cannot be turned on)
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L LASER ENABLE L=1 turns on laser 
L=0 turns off laser

?LNAME PRINT STATE DESCRIPTION For example, send ‘?LNAME 1’ to get the description of state 1.

?LM PRINT LASER MODEL INFO Returns laser model

?MRR PRINT AMPLIFIER REP RATE Returns the laser amplifier repetition rate in kHz

PC PULSE CONTROL Enable or disable laser pulsing
PC=1 enables laser pulsing
PC=0 disables laser pulsing

?PC PRINT PULSE CONTROL Returns the state of laser pulse control
1 = laser pulsing on
0 = laser pulsing off

PM PULSE MODE Sets the AOM Pulse Mode
PM=0 for Continuous pulsing.
PM=1 for Gated mode
PM=2 for Divided mode
PM=3 for Divided and Gated mode
PM=4 for Process Burst mode
PM=5 for Process Burst and Divided mode

?PM PRINT PULSE MODE Returns the AOM Pulse mode
0 = Continuous pulsing
1 = Gated mode
2 = Divided mode
3 = Divided and Gated mode
4 = Process Burst mode
5 = Process Burst and Divided mode

RL SET PULSE LEVEL Sets pulse energy percent, from 0 to 100

?RL PRINT PULSE LEVEL Returns the current pulse energy level percent setting

?RR PRINT REP RATE Returns the laser pulse or seeder burst output repetition rate in 
Hz

RRD SET REP RATE DIVISOR Allows the amplifier laser pulse repetition rate (configured using 
the SET command below) to be divided by an integer
For example, to divide the repetition rate by 4, enter RRD=4.
Range is from 1 - 65,535.

?RRD PRINT REP RATE DIVISOR Returns the laser pulse repetition rate divisor

S SHUTTER S=1 opens the shutter
S=0 closes the shutter

Table 5-3.  Basic Serial Commands (Sheet 2 of 3)

Comma
nd Brief description Notes
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5.4.1 Example Command Sequence

The following are examples of how serial commands can be used to
control the laser. This sample is not intended for use without a full
knowledge and understanding of commands appropriate for the process
being performed by the operator. Changes may be required. It is the
customer’s responsibility to comply with IEC60825 safety standards when
using these commands.

?S PRINT SHUTTER Returns the state of the shutter
1 = shutter is open
0 = shutter is closed

SET SET LASER PARAMETERS Sets several laser parameters simultaneously including ampli-
fier repetition rate (RR), pulse width (PW), repetition rate divisor 
(RRD), number of pulses per seeder burst (PULSES), and 
named operation modes (NAME). Values for the amplifier repe-
tition rate must be chosen from those in the GUI Amplifier Rep 
Rate drop down menu. For a full description of the SET 
command, see “SET Command” (p. 118).

?SET PRINTS THE LASER 
PARAMETER SETTINGS

Returns the current values for the laser parameters: amplifier 
repetition rate (RR) in kHz, pulse width (PW) in femtoseconds, 
repetition rate divisor (RRD), and number of pulses per seeder 
burst (e.g. “1000,400,2,1,”)

SSP SESAM SPOT For example, use ‘SSP=+’ to shift to the next available spot.

?SSP PRINT SESAM SPOT Returns current SESAM spot position

?SSPC PRINT SESAM COUNT Returns current SESAM spot count/restarts.

?SSPH PRINT SESAM SPOT HOURS Returns current SESAM spot hours

?ST PRINT LASER STATE NAME Returns the name of the current laser state such as “Standby”, 
“Ready”, “Fault” or “On” when the laser reaches those steady 
state conditions
It can also return transient laser states, such as diode current 
ramping up or down. The ?L command is a short form of this 
command.

?SV PRINT SOFTWARE VERSION Displays the revision level of major software components

?W PRINT WARNINGS Displays a list of warnings, if present
The ?WNAME command can then be used to show a descrip-
tion of a particular warning. Warnings will not turn off the laser.

?WNAME PRINT WARNING NAME For example send ‘?WNAME 500’ to get the description for 
warning 500.

Table 5-3.  Basic Serial Commands (Sheet 3 of 3)

Comma
nd Brief description Notes
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5.4.2 Startup for Normal Operation

The following serial commands are an example to startup the laser for
normal operation in Continuous (Pulse) mode. For a description of Pulse
Modes, see “Operating Modes” (p. 54).

5.4.3 Monitoring While Operating

The following commands can be issued periodically while the laser is
operating.

Table 5-4.  Startup Commands

Comman
d

LASER 
RESPONSE Notes

CHEN=1 Enables the chiller
For the most stable laser operation, the chiller should be enabled several 
minutes before turning on the laser.

?K 1 Checks if keyswitch is on (1 = keyswitch on)

?F SYSTEM OK Checks if there are faults

?W SYSTEM OK Checks if there are warnings

S=0 Closes shutter

?S 0 Checks if shutter is closed (0 = closed)

PM=0 Sets up Continuous pulsing

?PM 0 Checks the AOM pulse mode (0 = Continuous mode)

L=1 Turns on diodes
They will typically ramp to their set current within 30 seconds.

?ST ON This query may be repeated until “On” is returned, which indicates the 
diodes have completed ramping to their set point. This query may also return 
the descriptions of other intermediate states. Note that if the laser is cold 
from a power off state, it may take some time to become thermally stable and 
reach a steady state.

PC=1 Turns on pulses

S=1 Opens the shutter

?S 1 Checks the shutter state (1 = open)
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5.4.4 Shutdown

The following commands can be issued to shut down the laser.

5.5 Heartbeat Function

The Heartbeat (HB) function is a new safety feature that automatically
shuts off the laser diodes when remote control of the laser is lost. This
protects the user from a situation in which the laser is running at full power
and the computer controlling the laser fails, or the connection (through
Ethernet, USB, or RS-232) between the controlling device and the laser
fails. In this case, the only way to turn off the laser would be through the
keyswitch on the laser power supply or another hardware interlock. By
default the HB function is not active (HB=0), but it can be enabled with an
HB=n command, where n is a positive integer in seconds and specifies
the timeout period to trigger a HB fault (Dropped Connection fault) if the
communication condition is not satisfied. 

Table 5-5.  Periodic-Issue Commands

Comma
nd

Expected 
Reply Notes

?F SYSTEM OK This command replies with a list of numbers if a fault exists. The ?FNAME n 
command can be used to describe the fault condition “n” if it exists. The laser 
will automatically go to a standby state whenever there is a fault condition.  
Most faults are cleared with the FACK=1 command if the fault condition is lifted.

?W SYSTEM OK Same as ?F except for warnings
Warnings do not change the state of the laser. It continues to operate.

Table 5-6.  Laser Shutdown Commands

Comman
d

Expected 
Reply Notes

S=0 Closes the shutter and turns off pulsing

?S 0 Checks the shutter state (0 = closed)

L=0 Turns off diodes

?ST Ready Repeat this command every few seconds while diodes are turning off and wait 
for the ‘Ready’ reply. This command will also return the descriptions of other 
intermediate states.
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Note that the HB timeout is not a permanent or global setting - it returns to
the off state (HB=0) after each AC power cycling of the laser. Each laser
control connection can establish its own HB state and timeout period that
can be different from, and independent of, any other connection. 

In order to use the HB feature for a specific control line, the user must
send a HB=n (n>5) command each time the control connection has been
established.

5.5.1 Heartbeat Enabled

When the Heartbeat (HB) function is enabled with HB=n, the laser
generates a HB fault if it does not receive a command or query from the
controlling device within n seconds (allowable range of n: 0, or 5 to 300,
where n=0 disables the function). The fault condition may occur if the
communication between the laser and the controlling device is lost, which
includes, but is not limited to, scenarios such as 1) the control device or
PC goes into Standby mode, Hibernate mode, or crashes, or 2) the
network connection to the laser system has failed or is interrupted for
longer than the timeout period defined by HB=n, or 3) the cable becomes
disconnected.

If the user disconnects the control session with HB already enabled, the
laser will generate a HB fault within the timeout period of n seconds
unless a HB=0 command is sent to the laser prior to disconnection.

5.5.1.1 Activation of Heartbeat by the Coherent GUI 

The GUI does not enable the Heartbeat (HB) function when it establishes
connection to the laser. However, it automatically enables HB when the
user presses the START button on the GUI Main Tab in the System Status
window. There are three different scenarios involving HB activation by the
GUI: 

1. If the HB function has not been enabled by explicitly issuing a HB=n
command (n is a positive integer 5 to 300) from the GUI, the START
button enables HB function with HB=30 for the time period the laser
is on. Turning the laser off by pressing the STOP button returns the
HB state to disabled (HB=0). 

2. If the HB function is enabled with n<30 before the START button is
pressed, the START button will enable HB function with HB=30 during
the time period the laser is on. The STOP button will turn off the HB
function (HB=0).

3. If the HB function has been enabled with n=30 or n>30, the START
and STOP buttons will not change the HB state or setting. The HB=n
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state and timeout period will remain the same before, during, and after
these buttons are pressed. 

Note that, unlike using the START button, a diodes-on/off command (L=1
or L=0) issued from the command prompt within the GUI does not change
the HB state regardless of whether or not the HB function has been
enabled. For example, if the HB function is not currently enabled, the L=1
command to switch on the diodes will not automatically enable the HB
function even for the time period the diodes are on. Similarly, for scenarios
1 and 2, above, if the L=0 command is issued to turn off the diodes
(instead of pressing the STOP button), the HB function stays enabled with
HB=30 (which is different from HB being disabled again or set back to
HB=n by pressing the STOP button) until the next time the STOP button is
pressed to return the HB function to the original state. The HB function
can be switched on or off in scenarios 1 and 2 by entering the L=1 or L=0
(respectively) commands.

When the laser is controlled by the Coherent GUI, the GUI automatically
sends periodic queries to satisfy the HB timeout requirement. In cases
where other types of remote control are used, the user must send a
command or query at least once within the HB timeout to avoid fault. It is
highly recommended for users controlling the laser through their own
software to incorporate the HB function.

5.6 Changing the SESAM Spot

A modelocked seed laser provides the pulse train for subsequent pulse
picking and amplification and contains a SESAM (semiconductor
saturable absorber mirror). The SESAM has referenced spots that are
periodically changed to prevent long term degradation. After 600 laser
restarts on a particular spot, the Monaco laser will automatically shift to a
different spot at the next laser start. If a particular spot is within one week
of maximum recommended usage (5,000 hours) the Monaco system will
provide a warning that the spot limit will be reached and the laser should
be restarted. At 5,000 hours the laser will issue a fault that will stop laser
operation in order to change the spot. To change the SESAM spot: 

• If the laser is running, from the GUI Main tab push “STOP” in the
System Status panel (see Figure 6-3 on page 82).

• Open up the command prompt (see “About Menu Tab” (p. 87)) and
enter the command “SSP=+” to move to the next available spot.

• From the GUI Main tab push “START” in the System Status panel and
wait for the System Status message “On” to appear.
73



Monaco Operator’s Manual
5.7 Fault Handling

If a fault condition occurs, the fault indicator on the Main menu tab of the
GUI changes from green to red and displays the fault number and
description. When a fault occurs, the laser shuts down and goes into
Standby state. See Table 8-1 (p. 122) for a list of system faults and
troubleshooting procedures.

To return the system to normal operation, first correct the condition that
caused the fault, and then acknowledge the fault condition by clicking the
Clear button on the System Fault panel in the Main tab of the GUI (see
Figure 5-8 on page 53). The fault condition can also be acknowledged
using the FACK=1 serial command. 

Warning messages are also displayed in the System Faults panel on the
Main menu tab of the GUI. Unlike fault conditions, warnings do not shut
down the laser. Warnings do not need to be acknowledged to restart or
continue normal laser operation. 
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5.8 Controls and Indicators      

1. Extended Interface
2. EXT MOD Input
3. Gate 1
4. Gate 2
5. Sync 1
6. Sync 2
7. USB Connector
8. Ethernet Connector

9. RS-232 Connector
10. Chiller RS232
11. External Interlock
12. Power Supply Cable
13. Coolant In
14. Coolant Out
15. Desiccant Cartridge Access

Figure 5-18.  Laser Head Features Drawing

Table 5-7.  Laser Head Features

Item Control Function

1 Extended interface The extended interface connector provides extra signals that are 
compatible with OEM systems. This is described in detail in Table 4-4 
(p. 30).

2 Ext MOD Input Input to modulate output beam when in the external modulation mode 
(EM=1). See “EXT MOD Input” (p. 33) for details on how to set the mode 
to use this signal.
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3 Gate 1 Input to control pulsing. Gate1 is used to control the duration of a string 
of pulses. That is, if the AOM Pulse Mode is set to Gated mode (PM=1), 
laser pulses are produced as long as the Gate 1 signal is high. Gate 1 
also has a function in Divided Gate mode (PM=3). That is, a pulse rate 
is produced that is the fixed amplifier pulse rate divided by an integer.

4 Gate 2 Gate 2 is a spare for future use. It is connected to internal timing circuits 
but has no function currently. 

5  Sync 1 Output signal with a fixed delay from laser pulse and 50 ns wide. 
Intended to be synchronous with the output laser pulses. 

6 Sync 2 Same signal as Sync 1.

7 USB Connector The USB connector uses the industry standard Type B receptacle. 
Industry standard USB signal levels and Microsoft's RNDIS protocol are 
used. It can be connected to a standard USB connector on a PC to 
control the laser from, for example, the supplied Coherent GUI.

8 Ethernet Connector The Ethernet connector uses the industry standard receptacle for an 
RJ45 connector (sometimes called an 8P8C connector). It can be 
connected to a switch, router or PC using Cat5 cable. Some older 
computers may require a connection with cross-over cable wiring. Once 
the IP address of the laser is known, a Telnet session can be established 
to the laser and the same commands used with the RS232 or USB 
connections can control the laser.

9 RS-232 Connector The customer RS232 connection is a standard female 9-pin D-sub (DE-
9) connector. A cable with a male connector is needed to use this inter-
face. Only 19200 Baud is supported.

10 Chiller RS232 communication between the laser and the chiller is required. 

11 External Interlock The interlock connector can be connected to customer equipment for 
safety, such as to switches on access doors. As long as the interlock 
connection is made, the laser will operate. A 12 mA current loop supplies 
power to this connection. 

12 Power Supply Cable Carries power and various signals between the power supply and the 
laser head.

13 Coolant In Inlet connector for coolant from the chiller.

14 Coolant Out Outlet connector for coolant to the chiller.

15 Desiccant Cartridge Access Access cover to expose the desiccant housing. Check the relative 
humidity reading on the Temperature menu tab screen and replace the 
desiccant if >8%. 

Table 5-7.  Laser Head Features (Continued)

Item Control Function
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1. Cooling Fans

2. Keyswitch

3. AC ON Indicator

4. Emission Indicator
5. Shutter Indicator

Figure 5-19.  Power Supply Front Panel Controls and Indicators

Table 5-8.  Power Supply Front Panel Controls and Indicators

Item Control Function

1 Cooling Fans Inlet for cooling air for the power supply.

2 Keyswitch Places the laser in either the Standby or On (Enable) state. The key can be 
removed when in Standby position to prevent unauthorized operation. It 
cannot be removed when in the On position.

3 Power Indicator
(AC On)

LED lights when the AC electrical power is applied to the power supply. 

4 Emission Indicator Lights when laser emission is possible.

5 Shutter Indicator This LED indicates when the shutter is open. Push the button to change 
shutter state.

1

5

2
3

4
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Figure 5-20.  Power Supply Rear Panel Controls and Indicators

Table 5-9.  Power Supply Rear Panel Controls and Indicators

Item Control Function

1 Power On/Off Switch Applies/removes all AC electrical power to the laser. Refer to “Complete 
System Shut Down” to avoid possible damage to the system.

2 Power Supply Cable
Connection

Carries power and various signals between the power supply and the laser 
head.

3 AC Mains Power Cord Connects the power supply to AC facility power.

1 2

3
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4 Installation

4.1 Receiving and Inspection

Inspect the shipping containers for indication of rough handling or
damage. Record any signs of damage on the bill of lading. Report any
damage immediately to the shipping carrier and to Coherent Order
Administration Department (800-438-6323) or to an authorized Coherent
representative.

NOTICE
Keep the original shipping containers. The container is necessary if
the system is returned to the factory for service. The containers may
also be needed to support a shipping damage claim.

DANGER!
To prevent injury, Coherent recommends that at least two people
unpack and transport the Monaco laser system.

4.2 Installation

This section describes the Monaco electrical interface and provides quick-
start instructions with commands to control the laser. The Monaco
continues to be refined before production and any information in this
document is subject to change. Refer to future revisions of this manual for
updated descriptions of the interface.

NOTICE
It is the customer’s responsibility to comply with IEC60825 safety
standards during any use of the signals described in this document. 
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4.2.1 Hardware Setup

Remove the laser head, power supply and chiller from their shipping
crates. 
1. Coherent recommends that at least two people unpack and transport

the Monaco laser system. The power supply weight is approximately
4.5 kg (10 lb) and the laser head weight is approximately 48.6 kg
(107 lb) 63 kg.

2. Arrange the chosen power supply and the laser head into their oper-
ating positions in an accessible location, preferably away from heat
sources. The laser head must be mounted flat and horizontal with feet
down. Confirm the power supply cooling air intake and exhaust (front
and back) are not blocked or obstructed (refer to Figure 5-19 and
Figure 5-20). Coherent recommends using a kinematic alignment
plate to enhance the mounting repeatability of the laser head. A
mounting plate can be procured from by Coherent (part number
1303793).

3. Remove the protective plate mounted to the front of the laser over the
aperture.

4. Block the laser beam using a beam stop.

5. Refer to Figure 4-1 while performing the following instructions. 

6. Connect the power supply cable to the laser head and to the power
supply. When connecting cables to the laser head, press them firmly
into place before tightening with the jack screws. Do not overly tighten
the screws or use them to pull the connector into place.

7. Connect the Chiller cable, Extended Interface defeat plug, and
External Interlock defeat plug to the applicable connectors on the
laser head.

8. Connect the AC power cord to the rear of the power supply. 

9. Connect the power supply AC power cord to building power. See
Figure 3-2 below. 

4.2.2 Chiller Installation

NOTICE
If additional external coolant plumbing lines or fittings are required for
the chiller, use only plastic fittings and opaque high-quality hose
(such as food grade) with no stop valves. To prevent damage, DO NOT
use any metal materials (for example brass, stainless steel, or
copper).
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To minimize the pressure drop and maximize the chiller efficiency through
the connecting hoses, the chiller should be put as close as possible to the
laser head. Coolant lines are best run at or near the same level as the
cooling system. The maximum recommended hose lengths for a typical
P307/SMC chiller would be 20 ft. (6m) for the Monaco assuming that the
system and chiller are at the same level and the hoses fairly straight and
free flowing. Individual chillers may vary and it must be confirmed that the
flow rate and temperature control (stability) can be maintained.

For more information, refer to the chiller product manual and “Thermal
Management” (p. 157). Do not start the chiller or laser before reading
the chiller instructions. Only chillers authorized by Coherent are to
be used with the laser head.

1. Extended Interface
2. EXT MOD Input
3. Gate 1
4. Gate 2
5. Sync 1
6. Sync 2
7. USB Connector
8. Ethernet Connector

9. RS-232 Connector
10. Chiller RS232
11. External Interlock
12. Power Supply Cable
13. Coolant In
14. Coolant Out
15. Desiccant Access

Figure 4-1.  Laser Head Connections Diagram
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The Monaco is typically operated in conjunction with either a Termotek
P307 Chiller or an SMC HRR012 Chiller. The parts needed to connect
these chillers to the Monaco are included in the Commissioning Kit
shipped with the laser. Follow the directions below for installation, and be
aware that some parts in the Commissioning Kit may be not be needed for
your chiller model. The Monaco laser software controls the actual chiller
temperature, so there is no need to set or change the chiller temperature.

4.2.2.1 SMC Chiller Setup

The following procedure applies if the Monaco is operating with an SMC
HRR012 Chiller.
10. The SMC chiller requires a power cable with 3 cores x 14 AWG (3

cores x 2.0 mm2) connected to a 1-phase 200-230V AC (50/60 Hz)
source. Strip the sheath from both ends of the cable.

11. Disassemble the power supply connector (supplied with the chiller as
an accessory), and mount one end of the cable to the L, N, and E
terminals on the connector and reassemble the power supply
connector. See Figure 4-3.  

12. Connect the other end of the cable to crimped terminals that are
compatible to the facility power supply.

13. Insert the power supply connector to the power supply connector
socket of the chiller.

1. External Interlock defeat plug
2. Extended Interface defeat plug
3. Sync BNC connector
4. USB connector
5. Ethernet connector
6. RS-232 connector
7. Chiller RS-232 connector
8. Power cable

Figure 4-2.  Laser Head Connections Photograph

1 2 3 5 7 864
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14. Connect the crimped terminals to the secondary side of the earth
leakage breaker and grounding on the facility power supply. See
Figure 4-4. 

15. Install fitting adapters into rear of chiller. The chiller uses PT threads
and the fittings are NPT threads. See Figure 4-5.

16. Wrap all threads with Teflon tape to prevent leaks. Always wrap in a
clockwise direction. See Figure 4-5.

17. Install female fitting to inlet (top). Do not overtighten. 

Figure 4-3.  Preparing SMC Chiller Power Cable

Figure 4-4.  SMC Chiller Power Connections
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18. Install male fitting to filter outlet. Do not overtighten.

19. Open the front screen panel of the chiller using a phillips head screw-
driver. Install the particle filter. A special wrench tool is included with
the chiller to assist - do not overtighten. Replace the front screen
panel. See Figure 4-6. 

20. Verify that the blue bypass valve (see Figure 4-6) is closed (turn
clockwise to tighten).

21. Fill the chiller with Coherent recommended Coolflow IGE (available
from Hydratech1) at 28% volume mixed with distilled water for corro-
sion and algae control. Otherwise, the PH level becomes too aggres-
sive for the cooling circuit materials. Coolant supplied by Coherent is
always pre-mixed.

Figure 4-5.  Installing Fitting Adapters

1.  https://hydratech-shop.co.uk/products/coolflow-ige
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NOTICE
To avoid damage to the Monaco system, use ONLY distilled water
(with 28% CoolFlow IGE) in the chiller’s closed loop system. DO NOT
use facility tap or deionized water. Refer to “Thermal Management”
(p. 157).

22. Turn on the AC power to the chiller.

23. Note that chiller flow rate should initially be set to 4.7-5.3 lpm, and
should be checked during laser operation referencing the chiller front
panel display or by using the serial command ?CHF to ensure that it
stays in this range. The flow rate can be adjusted using the bypass
valve on the front of the chiller.

Figure 4-6.  SMC Chiller Particle Filter and Wrench Accessory
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NOTICE
To maintain performance of the Monaco laser system, the chiller
coolant must be changed every six months, and will be prompted by
a warning code. Failure to change the coolant may void the warranty.
To remove the warning after changing the coolant, click on the
“Timer” button on the Temperature tab of the GUI (see Figure 4-7), or
enter the serial command CHSERVICED=1. 

Figure 4-7.  Chiller Coolant Warning Timer
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NOTICE
Do NOT connect the Monaco laser to the SMC chiller before
completing the SMC Chiller Software Procedure below.

4.2.2.2 SMC Chiller Software Procedure

Control must be changed from Local and RS-485 communication to
Remote, Serial RS-232 communication.

1. From the Temperature Monitor screen long press the [MENU] button
(5 seconds) to reach the advanced setting mode, see Figure 4-8.

2. Press the [MENU] button until it switches to the Communication
menu. See Figure 4-9.

Figure 4-8.  Advanced Setting Mode

Figure 4-9.  Communication Menu
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3. Press the down arrow [▼] key twice to reach the communication
specification setting screen, press [ENT]. See Figure 4-10.

4. The “485” setting should be blinking. Press the down arrow [▼] key to
switch from “485” to “232”, and press [ENT] to select. The “232”
setting should stop blinking.

5. Press the [MENU] button five times to exit back to the Temperature
Monitor screen. 

6. Connect the SMC chiller to the Monaco laser using the Chiller/Null
Modem cable provided in the chiller accessory kit.

NOTICE
Do NOT connect the Monaco laser to the SMC chiller before
completing the SMC Chiller Software Procedure above.

NOTICE
If the chiller was not shipped with the laser, then the Chiller accessory
kit (part number 1409675) must be ordered from Coherent for the
fittings and Chiller/Null Modem cable to allow operation with the
Monaco laser.

7. Note that chiller flow rate should initially be set to 4.7-5.3 lpm, and
should be checked during laser operation referencing the chiller front
panel display or by using the serial command ?CHF to ensure that it
stays in this range. The flow rate can be adjusted using the bypass
valve on the front of the chiller.

Figure 4-10.  Communication Specification
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4.3 Monaco Connectors

There are twelve connectors on the back of Monaco laser head to connect
equipment. Figure 4-1 shows the location of the connectors.

4.3.1 Computer Interface

A Windows computer is the user interface necessary to operate the
Monaco laser system. The Monaco can be connected to the computer
through an Ethernet, USB, or RS-232 interface.

4.3.2 RS-232 Connector

The customer RS-232 connection is a standard female 9-pin D-sub (DE-9)
connector. A cable with a male connector is required to use this interface.
The RS-232 pins shown in Table 4-1 must be connected. The only data
rate supported is 19200 Baud.

4.3.3 USB Connector

This connection uses a standard USB connector on a PC for computer
control of the laser. The USB connector uses the industry standard type B
receptacle. The USB uses industry standard signal levels and Microsoft's
RNDIS protocol.

Table 4-1.  RS-232

Pin Signal Name Description

3 TxD Transmit data (RX into laser).

2 RxD Receive data (TX from laser).

5 GND Common ground

1,4,6,7,
8,9

No connection.
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4.3.4 Ethernet Connector

The Ethernet connector uses the industry standard receptacle for an RJ45
connector (sometimes called an 8P8C connector). It connects to a switch,
router or PC using a Cat 5 cable. Once the IP address of the laser is
known, a Telnet session can be established to the Monaco using the same
commands as the RS-232 or USB connections.

The laser automatically acquires an IP address from a DHCP server, if
one is provided on the Ethernet network. 

If the network does not have a DHCP server (for example, in a tool with a
private network), then by default the laser will scan from 192.9.200.1 to
192.9.200.255 to find an unused IP address. This range can be changed
with the IPMIN and IPMAX commands, respectively.

The laser can be assigned a static IP address by setting AUTOIP=0 and
IP=nn.nn.nn.nn. There are other commands that can be useful to a
network administrator for unusual configurations. Type the queries ?HELP
NET or ?HELP DHCP into the command prompt to see them all.

The Coherent GUI can display the IP address of the laser as long as the
computer is on the same subnet as the laser. To see the IP address, from
the GUI Main menu press the CONNECTION button, then the SEARCH
button. The Ethernet Discovery screen appears, where the laser IP
address can be identified with the corresponding laser serial number in
the list. To connect a laser, select the laser you want to connect and press
the CONNECT button. This establishes GUI connection with the selected
laser and returns the GUI to the Main tab.

4.3.5 Lockout Function

Because Monaco lasers allow multiple connections to the laser, there is a
safety concern about unintended control of the laser by unauthorized
operator(s). The Lockout function ensures that only one connection can
have control of the laser at any given time and locks out other remote
devices or connections from controlling the laser. The laser can be
monitored from multiple connections or remote control devices, but it can
be controlled from only one connection. Note that multiple Ethernet control
sessions with the same IP address from one computer are considered as
one connection and therefore allow parallel control of the laser.

When a LOCKOUT=0 command is issued from the current control
connection (or toggle off the Lockout button on the GUI menu), it unlocks
the laser to release control to other remote control devices. The next
remote device issuing a command to the laser will obtain exclusive
control, which sets LOCKOUT=1 for that device. 
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4.4 Interlocks

The system will not operate with an interlock circuit open. The fault can be
cleared when the interlock is closed. The fault must be cleared to restart
the laser. The laser has two interlock defeat plugs in the Accessory Kit to
close the interlocks when they are not used by the customer (see
Figure 4-2 on page 20). The Extended Interface defeat plug provided with
the Monaco laser is intended to provide appropriate signals for use when
not integrated into a control system.

4.4.1 Interlock Connector

The interlock connector may be connected to customer equipment for
safety, such as to switches on access doors. As long as the interlock
connection is made, the laser will operate. A 12 mA current loop supplies
power to this connection. A 3-pin ITT connector is used on the Monaco
head with the following connections. 

NOTICE
Use the interlock circuit only for emergency situations, not as a
normal method for shutting down the laser.

The recommended mating plug is ITT Cannon M-XL-3-11M.

4.4.2 Extended Interface

The extended interface connector provides an additional customer
interface. Table 4-4 describes how each signal should be managed.
Coherent provides an interface defeat connector that is configured to

Table 4-2.  Interlock Connector

Pin Signal Name Notes

1 EXT_INTERLOCK+ Short to pin 2 to enable diode current; 24 V 
12 mA. Short must be less than 100 ohms.
Open must be greater than 10 k ohm.

2 EXT_INTERLOCK-

3 N/C Reserved. Do not connect
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allow the laser to operate without using these interface inputs. If the user
does not use this interlock defeat the appropriate voltage levels must be
maintained for the laser to operate (see Table 4-4 below).

The Extended Interface defeat plug provided with the Monaco laser is
intended to provide appropriate signals for use when not integrated into a
control system. The defeat plug provides 5V signals for pins 11, 12, 17,
and 19, a 0.2V signal for pin 15 using pin 21, and closes interlock current
loop pins 3 and 4. The EXT MOD input can be used with the defeat plug
(see “EXT MOD Input” (p. 33)). It is recommended to either use the
special defeat plug labeled “For External Modulation” (part number
1412089) included with your laser that has the resistor to pin 15 removed,
or remove the resistor to pin 15. With the resistor removed, serial
command and Coherent GUI pulse energy modulation will not be
available.

Table 4-3.  Extended Interface Connector

Connector Tyco Electronics 207464-7

Connector Pins Tyco Electronics 1658539-1

Connector Back Shell Framatome Connectors (FCI) 8655MH2501BLF

Table 4-4.  Extended Interface Connector Pinouts

Pin Signal Name Signal Dir Description

1 GND Ground –

2 +24V +24 V Out 4 A fuse - Monaco is able to drive 0.5 A 
maximum current.

3 EXT_INTERLOCK+ Current loop Out Pins 3 and 4 must be connected for the laser to 
operate (Interlock fault when circuit is open). 
These signals should be connected to customer 
equipment for safety, such as switches on 
access doors.
NOTICE
Use the Ext Interlock circuit only for emergency 
situations, not as a normal method for shutting 
down the laser.

4 EXT_INTERLOCK- Current loop In Pins 3 and 4 must be connected for the laser to 
operate (Interlock fault when circuit is open). 

5 LASER_READY TTL Out High when laser is ready for output.

6 SYSTEM_STATUS TTL Out High when status is OK. 
Low when Fault occurs.
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7,8,9,
10

Reserved

11 Laser Shutdown TTL In High to operate the laser. Hold low for a minimum 
of 3 seconds to shut down the laser. If this pin is 
unused and the interface defeat plug is not used, 
connect to pin 21.

12 FF-Interlock TTL In High to operate the laser. Transition Low/
connecting to ground disables laser. The FF-
Interlock is a fast shutdown and hard wired to 
immediately turn off the laser without ramping 
down. If this pin is unused and the interface 
defeat plug is not used, connect to pin 21.
NOTICE
Use the FF-Interlock circuit only for emergency 
situations, not as a normal method for shutting 
down the laser.

13 Shutter Status: CLOSED TTL Out Direct connection to shutter (High or 5 V when 
shutter is closed)

14 Shutter Status: OPEN TTL Out Direct connection to shutter (High or 5 V when 
shutter is open)

15 Pulse Energy Control 0-5 V / 10 kΩ 
Impedance

In Analog Input pulse energy control - modulates 
pulse energy. Note that output power is not linear 
with voltage (0-0.1 V is no output, 0.1-5 V scales 
laser output). See “Beam Modulation Modes” 
below for details on how to set the mode to use 
this pin. (Not available for Monaco 20-20 LP.)

16 GND Pulse Energy Control Ground –

17 Shutter Control TTL In High to open shutter, ground closes shutter. If 
this pin is unused and the interface defeat plug is 
not used, connect to pin 21.

18 GND Shutter Control Ground –

19 Pulse Picker Enable TTL In High to enable laser output. Low to disable the 
laser output. If this pin is unused and the inter-
face defeat plug is not used, connect to pin 21.

20 GND Pulse Picker Enable Ground –

21 (No Signal) In the interlock defeat plug, this provides +5V to 
enable high active pins 11,12,15,17,19. Use only 
for inputs on this interface. Not intended to power 
external devices.

Table 4-4.  Extended Interface Connector Pinouts (Continued)

Pin Signal Name Signal Dir Description
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4.5 Beam Modulation Modes

The Monaco allows for several different ways to modulate the pulse
energy as shown in Table 4-5 below. The laser parameters can be
adjusted manually or through Coherent’s GUI.

Pulse energy modulation can be performed by one of the three following 
methods:

1) Internal – Using the serial command RL or Coherent GUI RF%, 0-100.

• External pulse energy modulation serial command EM=0

22 Reserved Not to be used for any other purpose.

23, 
24, 25

Reserved No connection.

Table 4-4.  Extended Interface Connector Pinouts (Continued)

Pin Signal Name Signal Dir Description

Table 4-5.  Beam Modulation Modes and Inputs

Beam Modulation Operating Mode

Internal Mode
External Mode 
Using EXT MOD 
Connector

External Mode 
Using Extended 
Interface 
Connector (pin 15)

Laser Parameters Query / Commands 
to Set the Parameter

External Modulation ?EM; EM=0; EM=1 0 1 Not Applicable

Pulse Energy (%) ?RL; RL=xx.xxx 
(0.000 to 100) 0.000-100.000 Not Applicable 0

Analog Inputs Analog Input Range 
(V)

EXTENDED 
INTERFACE 
connector - pulse 
energy control (pin 
15)

0.00 - 5.00
Install Coherent 
supplied External 
interface plug or 
pull up to 5V

Must be 0 V or no 
connection 0.00 - 5.00 V

EXT MOD connector 0.00 - 5.00 Not Applicable Ground - 5.00 V Must be 0 V or no 
connection
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• Extended Interface pin 15 OR EXT_MOD mini BNC >0.1V

2) EXT MOD mini BNC connector – 0-5V analog signal

• External pulse energy modulation serial command EM=1

• Extended Interface pin 15=0V OR disconnected

3) Extended Interface pin 15 – 0-5V analog signal 

• External pulse energy modulation serial command EM=1

• EXT_MOD mini BNC=0V OR disconnected

• Serial Command ALTMOD = 0

Notes: 

• EXT MOD can be used to vary pulse to pulse energy.

• Enter the ?PENRGV query/serial command for the percentage of 5V
applied on external interface pin 15. EXT MOD is not monitored.

• EXT MOD and External Interface pin 15 signals are independent
controls. The default setting is for the EXT MOD mini BNC connector
to be used (ALTMOD = 1). Use the serial command ALTMOD = 0 to
switch to the Extended Interface pin 15 for pulse energy modulation.
DO NOT APPLY VOLTAGE ON BOTH SIMULTANEOUSLY.

• DO NOT EXCEED 5V ON EXTERNAL PULSE ENERGY MODULA-
TION INPUTS.

4.6 EXT MOD Input

The EXT MOD connection allows modulation of the output beam when in
the external modulation mode. External modulation through the EXT MOD
BNC connector is enabled from the GUI Triggering tab (see Figure 5-4 on
page 48), or by using the serial command EM=1. The laser will provide
analog modulation to vary pulse energy corresponding to the input wave
form. Note this does not serve as a trigger input as it does not affect pulse
repetition rate or timing. The fastest modulation possible is approximately
a 1 MHz square wave. Please note:

• External modulation is not available for the Monaco 20-20 LP.

• The output power is not linearly proportional to the input applied, and
may require some testing to get the desired response.
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• If there is a signal to pin 15 of the External Interface (see Table 4-4
above) it will override the input to the EXT MOD BNC connector. 

• At 0V input, there is approximately 200mW of laser output leakage.
This can be removed by using the GATE input (see “Gate 1 and Gate
2” (p. 35)), applying a negative bias of -200 mV (with reference to
ground on the laser), or by reconfiguring the extended interface
defeat connector (see Table 4-4 (p. 30)) as follows:

• Connect pin 21 to pins 11,12,15,17,19 (to set high on all
controls). All these connections are required to operate the
laser.

• Connect pin 3 to pin 4 (this is the interlock)

• Pin 15 is open. Note that this will also disable pulse energy
control from the GUI interface.

Signal Levels/Impedance: 0 to 5 V waveform/500 ohm series resistor. The
signal must not have any negative or positive offsets. 

NOTICE
To avoid damage to the Monaco system, note that the load on the
external modulation is approximately 500 Ohms and the input voltage
should never exceed 5V. 

4.7 Sync 1 and Sync 2

The sync connections allow for synchronizing external events with the
laser output by providing output signals which are synchronous with the
laser pulses. The output signals are a fixed delay from laser pulses and
approximately 50 ns wide. Sync 1 follows the AOM1 signal and is a fixed
delay and width from the actual seed pulse out of AOM1 (should be
measured as it varies from laser to laser). Sync 2 output is user selectable
and has two modes. The default mode (SYNC2=0) is a representation of
the drive signal for AOM2 and will follow the pulse mode selected. For
example, for a 1MHz laser in Divided Mode with RRD=2 then Sync2 will
have 500kHz output (see “Divided Mode” (p. 58) for more information). If

Table 4-6.  External Modulation Connector

Connector HD-BNC Amphenol 034-1030

Mating connector Amphenol 034-5017

HD-BNC to BNC Adaptor APH-BNCJ-HDNBNCP

HD-BNC to BNC cable 12” Amphenol 095-666-44815
34



the shutter is closed or pulsing is off, then only the amplifier rep rate will
be output (e.g. 1 MHz). The second mode for Sync 2 (SYNC2=1) is a
representation of the pulses from the seeder (approximately 50 MHz). For
more information on the seeder and seeder modes see “GUI Operation”
(p. 56) Adapters for connecting the HD-BNC connectors with standard
BNC connectors are included in the Accessory Kit for the laser.

4.8 Gate 1 and Gate 2

The gate input connection provides external pulse control or input for
PulseEQ Mode (“PulseEQ” (p. 62)). Gate 1 is used to control the duration
of a string of pulses, or provide the input signal for PulseEQ. If the Pulse
Mode is set to 1 (PM=1 or by clicking the Enable External Gate button on
the Triggering tab of the GUI), laser pulses will be produced as long as the
Gate 1 signal is high. If PulseEQ is enabled (by clicking the PulseEQ
button on the Triggering tab), the output repetition rate of the laser will be
determined by the input signal to Gate 1. Gate 2 is a spare for future use.
Adapters for connecting the HD-BNC connectors with standard BNC
connectors are included in the Accessory Kit for the laser.

Figure 4-11.  External Modulation Diagram

Table 4-7.  Sync Connection

Connector HD-BNC Amphenol 034-1030

Mating Connector HD-BNC Amphenol 034-5017

HD-BNC to BNC Adaptor APH-BNCJ-HDBNCP

HD-BNC to BNC Cable 12" Amphenol 095-666-44815

Signal levels/Impedance. Source is four parallel 74ACT541 drivers at 5.0 V. Designed to drive a 75 ohm line.
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4.9 Power Supply Connector

The cable connection between the power supply and head uses a 7W2 D-
sub connector with the pinout shown in Table 4-10 below. The power
supply has a receptacle, the laser has a plug. One or two LEDs may be
wired in series with the key switch to provide an emission indication.  

Table 4-8.  Gate Connector

Connector HD-BNC Amphenol 034-1030

Mating Connector HD-BNC Amphenol 034-5017

HD-BNC to BNC Adaptor APH-BNCJ-HDBNCP

HD-BNC to BNC Cable 12" Amphenol 095-666-44815

Signal levels/Impedance: 3.3 V to 5.0 V is a high input, 0 to 0.5 V low input. 10 kohm series resistor.

Figure 4-12.  Gate Diagram

Table 4-9.  Power Supply Connector

 Connector Norcomp 680S7W2203L401

 Mating Connector Norcomp 680S7W2103L401
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4.10 Coherent GUI Installation

The required installation file can be obtained from the USB drive included
in the accessories kit. Put in the USB drive and select ‘Setup.exe’ to
execute the Coherent GUI installation. 

The files can be downloaded on the control Windows PC with an active
Internet connection by visiting the Coherent GUI web page at:

https://www.coherent.com/lasers/laser/monaco

NOTICE
The Coherent GUI requires 4GB RAM, 2.5GHz CPU, i5 Intel processor,
Windows XP (Windows 7 or higher is recommended).

Table 4-10.  Power Supply Connector Pinouts

Pin Signal Name Description

1 KEY_SW+ CDRH keyswitch input and emission indicator drive. Short to pin 5 
indicates key is in the enabled position. Open indicates key off. Short 
must be less than 100 ohm. Open must be greater than 100 k ohm, 
12 mA and 24 V.

2 SHUTTER LED+ Shutter position indicating LED is on when the shutter is open. Drive 
is 12 V at 3 k ohm when shutter is open. This is the LED anode 
connection.

3 SHUTTER BUTTON Short this pin to pin 4 to request a change in the shutter state from 
open to close or close to open. 10 k ohm pull-up to 3.3V, 511 ohm 
series resistance.

4 GND Shutter indicating LED cathode connection and reference for the 
shutter button.

5 KEY_SW- Key_SW- signal passes through an optocoupler to ground. This is 
used to sense the position of the keyswitch. The optocoupler output 
signal is then passed on to the microcontroller and safety circuits.

A1 48V 10 AWG wire recommended for connecting directly to the +48 V 
output of the power supply.

A2 GROUND_RETURN 10 AWG wire recommended for connecting directly to the Ground 
return of the power supply.

Shield Chassis GND Chassis connection for shielding.
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4.10.1 Microsoft Components

Select the “Accept” button as indicated in the menu form, and shown in
Figure 4-13.

The setup program will install the required files, as shown in Figure 4-14.

Figure 4-13.  Microsoft Software License
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4.10.2 Coherent GUI Setup

The Coherent GUI is installed after the components from Microsoft have
been installed. If the required components are already installed on the
computer, the Coherent GUI setup program will start at the “GUI Setup
Wizard” menu form as shown in Figure 4-15.

Figure 4-14.  Installing SQL 
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Figure 4-15.  GUI Setup Installation
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Figure 4-16.  Monaco Laser Head Dimensions
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1. Exhaust Holes
2. Air Intake

Figure 4-17.  Monaco Power Supply Dimensions
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6 Graphical User Interface

6.1 Monaco Computer Interface

The user interface for the Monaco laser system is provided through an
external computer. This section provides information on how to connect to
that computer and how to use the laser control instructions to operate the
Monaco laser system. Instructions are sent to the laser through a terminal
interface program using an RS-232, USB, or Ethernet connection.

There are two types of instructions used to communicate with the laser:
commands that set the values of operating parameters, and queries that
return status information to the user. The instruction set is sufficient to
support user-written programs.

The simplest and most intuitive way to interact with the Monaco laser is
with the Coherent Graphical User Interface (GUI). The Coherent GUI is a
PC based application that uses commands and queries to interact with the
Monaco. The instructions below explain how to set up the Coherent GUI
on an external computer. 

NOTICE
Turning off the GUI application does not turn off or reboot the Monaco
laser. Restarting the laser system requires cycling the AC power or
using the BOOT=1 command.

6.2 GUI Password Protection

There are two types of password protection for the GUI that can be
enabled: the GUI Password and the PASSWORD command. The GUI
Password prevents the GUI from being opened without entering the
designated password. The PASSWORD command will restrict the GUI to
READONLY access and will not allow laser parameters to be changed. 

To enable the GUI Password, click on the Settings button of the Main tab
and from the Login tab click the “Require a password to open GUI” button.
A window will open to enter and confirm a GUI Password (see Figure 6-1).
Once the GUI Password is set then the GUI application cannot be opened
without entering this password. Clicking the “Change” button from the
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Login tab will allow the GUI Password to be changed. Clicking the
“Require a password to open GUI” button again will remove the GUI
Password.

When no password has been set using the PASSWORD command the
GUI starts at the CUSTOMER access level.This will enable laser
parameters to be changed from the GUI.

Using the PASSWORD command the GUI can be restricted to operate at
READONLY access level that will not allow laser parameters to be
changed. To enable this password, open the Command Prompt and use
the command “PASSWORD=password” twice to confirm the password
(see Figure 6-2 on page 81).

To get back into the CUSTOMER access level the user needs to open the
Command Prompt and use the command “ACCESS=password”.

Figure 6-1.  GUI Password

1

2

3
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To change the password once i t  has been set ,  the command
“PASSWORD=current:new” must be used. The system will ask for the
command to be entered twice to verify. To clear the password enter the
command “PASSWORD=current:”.

If either password is lost, please contact Coherent Service for assistance.

6.3 GUI Menu Tabs

The Coherent GUI for the Monaco has four menu tabs.

• Main - Contains the command panels for primary operation of the
laser system.

• Temperature - Information about the temperature servos and chiller
and baseplate temperatures.

Figure 6-2.  Password Command
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• Triggering - Configures the laser trigger parameters..

• About - Provides Coherent GUI information, access to the Monaco
web page, and other features.

.

Figure 6-3.  Main Menu Tab
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6.4 Main Menu Tab

The Coherent GUI Main menu tab provides an overview of laser status
and includes panels for primary operation of the laser system. See
Figure 6-3 above.

1. Menu Tabs - Name of tab under discussion.

2. Connection to Laser Panel - Displays the communication status
between the control computer and laser, the active communication
port, and setting options through the CONNECTION button.

3. Keyswitch Panel - Displays the keyswitch status.

4. Shutter Panel - Displays the state of the shutter and allows the
shutter to be opened or closed.

5. Pulsing Panel - Switches the pulses on or off, indicates status.

6. System Faults Panel - Lists any active faults or warnings and
provides the option to clear faults that have been addressed.

7. System Status Panel - Switches the laser on and off, indicates
status.

8. Laser Output Panel -  Displays the average power, pulse energy,
enables the pulse parameters, and current adjustments.

9. Settings Form - Launches Coherent GUI Settings screen.

6.5 GUI Connection Panel

The Connection to Laser panel on the Main tab allows the user to select a
connection method between the laser and the control PC. By clicking the
CONNECTION button in the panel, a Connection Options screen pops up
as shown in Figure 6-4 below.

There are three available connection options that can be set up from the
Connection Options screen: RS-232, Ethernet, and USB. The preferred
connection modes are Ethernet and USB, which allow fast connection and
data transfer between the laser and GUI (control PC). Check that proper
cable connection is established before making selection in the Connection
Options screen and clicking the OK button. The connection process may
take a few minutes. See “RS-232 Connection” (p. 88), “Ethernet
Connection” (p. 89), and “USB Connection” (p. 91) for more information
on these connection options.

This panel also provides options to connect the GUI to a simulator or to
Offline mode in which no connection to a real laser is required. The GUI
can also be connected to a power meter only.
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Figure 6-4.  Connection Options Screen
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6.6 Temperature Menu Tab

The Temperature menu tab displays the chiller temperature, baseplate
temperature, and humidity inside the laser head  (see Figure 6-5 below). 

The chart buttons open new windows to display system parameters in real
time. These screens are highly configurable using the buttons on the
screens. Configurable features include the graph scale; hiding old data;
exporting the graph; showing or hiding the statistics panel; showing older
data, more recent data, or the latest data; and zoom out. Using the
dropdown menu, the chart can be set to examine a myriad of data
captured by the data logger.

Figure 6-5.  Temperature Menu Tab

Chart Buttons
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6.7 Triggering Menu Tab

The Triggering menu tab, shown in Figure 6-6 below, provides selection
and modification of the laser pulse mode. In the Triggerering Setup panel,
the check boxes permit the user to select the AOM Pulse Mode and the
Process Burst Length field permits the user to select the number of pulses
in a process burst. The different operating modes supported by the
Monaco are described in “Operating Modes” (p. 54). In the Pulse Width
Adjustment panel, the drop down menu allows the user to fine tune the
pulse duration of the output beam.

Figure 6-6.  Triggering Menu Tab
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6.8 About Menu Tab

The About menu tab shows the version and build date of the Coherent
GUI. It also provides links to the Monaco and Laser web pages, the GUI
and Laser Operator’s manuals, and direct email access to the GUI
developer.

Figure 6-7.  About Menu Tab
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6.9 RS-232 Connection

The RS-232 interface does not support either hardware or software flow
control. Any instruction to the laser consists of a command or query
written as a string of ASCII characters and terminated by a carriage return
(<CR>) and linefeed (<LF>) or a semicolon (;). For proper handshaking,
communication programs should wait until the <CR><LF> has been
returned from the laser before sending the next instruction.

Although RS-232 is a common industry standard, it is an unbalanced
connection that is more susceptible to noise and is not robust in a factory
environment. When using RS-232, the following are required to maintain
good signal integrity: 

1.Use only shielded cables. The shield must be connected between the
two ends of the cable.

2.Keep cable length to 15 meters or less. The shorter it is, the better.

3.Check that the equipment at both ends of the cable is very well
grounded. Because RS-232 is unbalanced, a small voltage difference
between equipment can be interpreted as a different value at the receiver.

4.Avoid running the cable in a way that magnetic coupling can occur with
other equipment.

The RS-232 connector uses three pins of the 9-pin D-type connector on
the rear of the laser head, as shown in Figure 6-8. The 9-pin RS-232 port

is configured as a data communications equipment (DCE) device using
only pins 2 (serial data out), 3 (serial data in) and 5 (signal ground).
Handshake lines RTS, CTS, DTR and DSR (pins 4, 6, 7 and 8) are not
used and have no connections inside the laser head. 

Figure 6-9 shows a basic example of interacting with the Monaco via the
RS-232 interface using a serial interface program.

Figure 6-8.  RS-232 Pin Configurations
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6.9.1 RS-232 Port Configuration

The factory set baud rate is 19200.

6.10 Ethernet Connection

The Monaco includes a Telnet server which listens for connections on port
23. The Coherent GUI can use Telnet to interact with the Monaco.

The Monaco Ethernet port can be connected either to a network or it can
be connected directly to a computer using an Ethernet cable. The Monaco
supports multiple, simultaneous Telnet connections from multiple
computers. 

Figure 6-9.  Serial Interface Program 

Table 6-1.  RS-232 Port Description

Configuration DCE, No Handshaking

Data bits 8

Stop bits 1

Parity none

Baud rate 19200 (factory setting)
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The Monaco registers a host name on the network to allow connections to
be established. The default host name is the product type, followed by an
underscore, followed by the laser serial number. Figure 6-10 below shows
an example of a telnet connection being established to Monaco laser
serial number 1234.

Figure 6-10.  Telnet Connection
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6.11 USB Connection

The USB interface to the laser uses the RNDIS standard. RNDIS is a
Microsoft standard that implements a virtual Ethernet connection on top of
a USB connection. RNDIS is supported only by Microsoft Windows XP or
later. 

The Coherent GUI must be installed before using the USB connection to
the laser. After plugging in the USB cable, a device called “Coherent
Datalogger” should appear on the system, as shown in Figure 6-11 (in
Windows 7).  

The virtual connection will also appear in the network connections as
“Unidentified network”, as shown in Figure 6-12.

Once Windows has configured the USB driver, the Monaco can be
accessed on IP address 169.254.21.151 as shown in Figure 6-13. 

This IP address can be used to establish telnet connections, as shown in
Figure 6-14, or to connect to the Monaco using a web browser.  

.

6.12 Web Server

The Monaco laser includes a web server that can be accessed through
the Ethernet or USB connections as show in Figure 6-15 below. To access
the web server, simply open a web browser and enter either the IP
address or host name of the laser into the web server address bar.

The web server allows the basic functions of the laser to be monitored and
adjusted.

Figure 6-11.  Windows Device Manager
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Figure 6-12.  Windows Network Connections

Figure 6-13.  IP Address
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Figure 6-14.  Telnet Connection

Ethernet or USB

Figure 6-15.  Web Server 
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6.13 GUI Settings

To change general settings of the Coherent GUI, click on the Adjust
Settings icon at the bottom of the Main menu tab (see Figure 6-3). 

6.13.1 Logging

The Logging menu tab allows you to set the data polling frequency period
and the Database period as well as select which data parameters to log.

1. Select Adjust Settings icon at the bottom of the GUI screen.

2. Select the Logging menu tab on the Coherent GUI Settings screen.

3. To limit the amount of data stored in the data logger, check the “Trim
old data” check box and set the time duration limits accordingly.

4. To save datalogger storage space, check the “Do not log duplicate
data” check box as shown in Figure 6-16.

5. Set the data polling frequency by entering a value (m) in the Period
(Secs) box. This sets the time period in seconds at which the GUI
reads and displays laser parameters. The default value of m is 5. If m
is set to zero, the GUI will read the data at the maximum rate.

6. Set the data storing frequency by entering a value (n) in seconds in
the Database Period box. This sets the time period in seconds at

Figure 6-16.  Logging Menu Tab
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which the datalogger saves the laser parameters. The default value
on n is 30; if n is set to zero, the GUI will save the data at the maximum
rate.

With the data reading period set to m and the database period set to
n, the datalogger will store laser parameters at a rate of n*m
seconds.

Low set values of m and n may drastically increase the demand for
storage space and slow down the speed of data display; high set
values may risk skipping data information for brief or intermittent
events.

6.13.2 Power Meter

The following instructions for establishing communication with the
FieldMaster power meter are specific to the FieldMaster. However, the
method used to establish communication for other types of power
meters is similar to this method.

1. Connect an RS-232 cable between the power meter and the
computer.

2. Check the power meter is ON.

Figure 6-17.  Power Meter Settings
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3. Click on the Adjust Settings icon at the bottom of the GUI screen.

4. Click on the Power Meter menu tab.

5. The “Use External Power Meter” check box must be checked as
shown in Figure 6-17 below.

6. From the COM port dropdown menu, choose the COM port corre-
sponding to the port you connected to the power meter.

7. From the Type dropdown menu, choose the power meter type corre-
sponding to the power meter you are using.

8. From the Channel dropdown menu, choose the channel corre-
sponding to the power meter channel you are using: A or B.

9. From the Terminator dropdown menu, choose the terminator setting
that matches the setting on the power meter console.

10. Determine if communication with the power meter has been estab-
lished by clicking on the Test Connection button.

6.13.3 Log File

The Monaco stores data that may be retrieved to evaluate performance or
assist in diagnosing a potential problem. Log files can be sent to Coherent
product support for diagnostic help. To save the log file, proceed as
follows:

1. Connect to the GUI using a USB or Ethernet connection. Do not use
RS-232.

2. Click on the Adjust settings icon at the bottom of the GUI screen.

3. Click on the Log File tab as shown in Figure 6-18.

4. Select the active system from the list. 

5. Click the Download Data button.

6. The Data Download window will open (see Figure 6-18 on page 97).
Click the Start Download button. It may take several minutes to down-
load the file depending on the size. It is preferable to download both
the datalog and SDF file, but to reduce the file size the “Include SDF
file” button can be de-selected as the datalog is the most important. A
message announcing “Done!” will display when the file is finished
downloading.

7. Once the file is finished downloading, there are three methods to save
the log file - save to a folder, attach to an email, or upload to the
Coherent Cloud. Click on the chosen method.

8. To save the log file to a folder, click on the “Save to folder” button, and
the Save As window opens. The file name will be populated automat-
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ically. Then choose the location the file is to be saved and click on the
“Save” button. The folder window will open, and can be closed.

9. To send the log file directly to the Coherent Cloud, you must be
connected to the internet as well as the laser. Click the “Upload to
Coherent” button. A window will open to ask if you wish to include
comments. 

a.) Click Yes, and the Blog Post window will open that will allow for
any additional information, symptoms, or data to be typed in or
attached as additional files. 

1. Log File 4. Start Download
2. Choose Active System 5. Save DataLog to Folder, Email,
3. Download Data or Coherent Cloud

Figure 6-18.  Downloading Datalog File
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b.) Click the Post button when finished. Be patient, the file will take
some time to post depending on how large the file is. A dialog
box with a link to the Datalog file opens. 

c.) Click the Email URL button. A message window from your email
client will open in the background. Click the message title bar to
bring it to the front.

d.) Send this email to customer.support@coherent.com, include
the symptoms and your contact information in the email, and
include the service request number if you have one.
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7 Command Interface

7.1 Instruction Syntax

There are two types of instructions used in serial software command
communication with the Monaco lasers: 

• Commands which set the values of laser operating parameters

• Queries which request the laser to return the value of an operating
parameter

Any instruction to the laser consists of a command or query written as a
string of ASCII characters and terminated by a carriage return and line
feed (<CR><LF>).

For example:
RL = 50<CR><LF>

Sets the pulse energy to 50 percent. 

?HH<CR><LF>

Requests the number of operating hours on the system head.

The laser will always respond to a command with a carriage return and a 
line feed. It responds to a query with the requested data followed by a 
carriage return and a line feed. Table 7-1 lists the possible responses from 
the laser.

For proper handshaking, communication programs should wait until
the <CR><LF> has been returned from the laser before sending the
next instruction.

7.1.1 ECHO Mode

The Monaco provides an “echo” mode in which each character transmitted
to the laser is echoed to the host. This feature can be turned on or off
using the ECHO command 
(E=0 for off, E=1 for on).
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7.1.2 PROMPT Mode

The Monaco provides a “prompt” mode for terminal operation in which the
laser returns; “Monaco>” after each command. This feature can be turned
on or off using the PROMPT command
(>=0 for off, >=1 for on).

Table 7-1.  Computer Interface

INSTRUCTION
SENT TO LASER

RESPONSE FROM LASER

ECHO OFF 
PROMPT OFF

ECHO OFF 
PROMPT ON

Command + <CR><LF> <CR><LF> Monaco> <CR> <LF>

Query + <CR><LF> Data + <CR><LF> Monaco> Data + <CR> <LF>

Command = (bad data)
+ <CR><LF> 
(Illegal operand)

Error, bad param(s) 
+ <CR><LF>

Monaco> Error, bad param(s)
+ <CR><LF>

Command <CR><LF>
(Illegal instruction)

Error, bad command 
+ <CR><LF>

Monaco> Error, bad command
+ <CR><LF>

Bad Query<CR><LF>
(Illegal instruction)

Error, bad command
+ <CR><LF>

Monaco> Error, bad command
+ <CR><LF>

Multiple items will be separated by the “&” character. For example, a list of faults will be returned as “3&5&6”

INSTRUCTION
SENT TO LASER

RESPONSE FROM LASER

ECHO ON 
PROMPT OFF

ECHO ON 
PROMPT ON

Command + <CR><LF> Command + <CR><LF> Monaco> command + <CR><LF>

Query + <CR><LF> Query + Data + <CR><LF> Monaco> Query + Data + <CR><LF>

Command = (bad Data)
+ <CR><LF> 
(Illegal operand)

Command = (bad data) 
+Error, bad param(s) 
+ <CR><LF>

Monaco> command= (bad data)
+Error, bad param(s)
+ <CR><LF>

Bad Command 
+ <CR><LF>
(Illegal instruction)

(bad command) 
+ Error, bad command 
+ <CR><LF>

Monaco> (bad command) 
+Error, bad command 
+ <CR><LF>

Bad Query<CR><LF>
(Illegal instruction)

(bad query) 
+ Error bad command
+ <CR><LF>

Monaco> (bad query)
+Error, bad command 
+ <CR><LF>

Multiple items will be separated by the “&” character. For example, a list of faults will be returned as “3&5&6”
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7.1.3 Query 

The single character “?” before an instruction to the laser indicates a
query. The laser returns information after each query.

7.1.4 Delimiters

The single characters “=” and “:” are equivalent delimiters between
text and data in all commands. For example:
EG = 1 is equivalent to EG: 1

7.2 Enhanced Serial Protocol

The laser is often used near other equipment that can create electrical
noise on RS232. This noise can lead to errors in the laser's status or the
laser can fault because it received the wrong message. Although a
shielded cable should always be used, noise can still interfere with RS232
signals. To solve noise issues, we recommend using the enhanced serial
protocol. A comparison between messages with and without this protocol
is shown below.

7.2.1 Enhanced Protocol Commands

To start the Enhanced Serial Protocol, use the “EP=1” command. After
this, future commands and replies must have the proper suffix added in
order to be accepted as error free. The suffix contains:

• Index. This is used as a sequence number so messages don't get out
of order when errors occur. The index is decided by the customer
equipment. It contains the “:” (colon) character followed by one digit
“0” to “9”. The digit should change in sequence for each successful
message. If the message is not successful, the digit remains the same

• Cyclic Redundancy Check (CRC). This is used to detect bit errors in
the message. It contains two hex characters. For example “A9” would
represent the hex value “0xA9”. The CRC is calculated from the start
of the message body up to and including the Index. The CRC is calcu-
lated with the polynomial 0x4D. This corresponds to x^8 + x^6 + x^3
+ x^2 + 1. Sample code to calculate the CRC or verify contents
against a CRC can be found here http://www.codeproject.com/Arti-
cles/19059/C-CCITT-8-CRC-Algorithm. Please note however that the
polynomial should be changed to 0x4D in this algorithm
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• Acknowledgment Token. These are characters that are used to tell if
a message was received by the laser correctly. The token precedes
the Index and CRC and will have one of the following values:

• !K The message was successfully received by the laser

• !R A reply was expected by the customer equipment but not
received. The customer equipment uses this to tell the laser to
send the reply again

• !I The message was not correctly received by the laser.
The customer equipment must send it again

• !O The message was partly received by the laser but the
UART had overrun errors. The customer equipment must send
it again

• !N This is a notification message sent by the laser on its
own (e.g. changes to the chiller temperature). It is not a reply to
a command from the customer equipment. This may be used in
future product models.

Figure 7-1.  Enhanced Serial Protocol

Enhanced Serial Protocol example

Without EP With EP

Transmit

Receive

?SSPH

25 25 :OK :Index num CRC

?SSPH :Index num CRC

Features Of Enhanced Serial Protocol

• Acknowledgements ensure the messages
   were received correctly
• Index numbers ensure messages are not skipped
• Cyclic Redundancy Check (CRC) codes ensure accuracy
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7.2.2 Enhanced Protocol Replies

The laser always replies to every command with an acknowledgment. If
the customer equipment does not see the reply, it can assume failure after
a time-out and try again using the same index number. In order to
minimize chances of errors, messages from customer equipment to laser
are not echoed back when the enhanced serial protocol is active. 

Commands from the customer equipment always finish with the carriage
return character (ASCII 0x0D). This character is not included in the CRC.
The laser will use the '!I' acknowledgment token if the carriage return is
not received. The Line Feed character (ASCII 0x0A) is optional from
customer equipment but will always be sent from the laser in replies.

7.2.3 Enhanced Protocol Example

For example, the following would be a typical exchange when querying
SESAM spot hours, assuming no errors. The customer equipment waits
for the “!K” acknowledgment token to assume success. If the index is “2”,
the command and reply look like:

Laser       Customer Equipment
<--- ?SSPH:2C1  ------- 
---- 2844:!K:20B ------->

In this example, the reply was successfully received by the laser. The
CRC of the send command is 'C1' and the CRC on reply is '0B'. A ':'
(colon) character is used to separate the reply message from the
acknowledgment token.

If the laser did not properly receive the command, it will reply with the '!I'
acknowledgment token to ask for the command to be resent. Assuming
the index is “7”, the command and replies look like:

Laser       Customer Equipment
XX <---  ?SSPH:7B5     -------

---- !I:7B8 --------------------------->
<---  ?SSPH:7B9     ------------------
----  2844:!K:73F ------------------> 

In this example, the command had an error while initially being transmitted
to the laser. The laser asked for it to be resent by using the '!I '
acknowledgment token and the customer equipment was able to send it
successfully on the second try. Note that the index and CRC are always
used, even with the acknowledgment. If the acknowledgment was not
successfully received, the customer equipment can ask for the laser's
acknowledgment to be resent by sending the '!R' acknowledgment token.
The customer equipment should retry at least 6 times.
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7.3 Instruction Set

Table 7-2 describes the instructions for use in command communication
with the Monaco system.

NOTICE 
Use of commands in user control software must allow for additional
parameters or features with future software revisions.

Table 7-2.  RS-232 Commands and Queries (Sheet 1 of 11)

Commands & Queries Returned Information

PROMPT=n
>=n

n = 0 turns off “Monaco Laser >” prompt
n = 1 turns on “Monaco Laser >” prompt

? Indicates a query

?ALL Returns the value of every parameter

ALTMOD=n Sets the pulse energy modulation mode:
n=0 sets control to Extended Interface pin 15
n=1 sets control to EXT MOD mini BNC connector
(See "Beam Modulation Modes" (p. 32) for more details.)

?AMP3H Returns the laser amplifier hours.

AUTOIP=n Sets Enable flag to scan for an available IP address:
n = 0 disabled
n = 1 enabled

?AUTOIP Returns the AUTOIP function status:
n = 0 disabled
n = 1 enabled

?BAT Returns battery voltage, nominal 3V
The batter is not user serviceable, but the voltage can be moni-
tored by the user to determine whether it may need to be replaced 
during a service call.

BOOT=1 Entering the BOOT=1 command will reboot the firmware.

BP=nnnnnn Sets the number of pulses in a burst.
Allowed range is 1 to 4,294,967,295 pulses.

?BP Returns the number of pulses in a burst 
Number of pulses is 1 to 4,294,967,295

?BT Returns laser head baseplate measured temperature in °C.
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CHEN = n Set chiller enable:
n = 0 turns off the chiller
n = 1 turns on the chiller

?CHEN Returns status of chiller enable

?CHF Returns chiller flow

?CHFAULT Returns chiller faults

?CHFH Returns chiller high flow rate warning limit

?CHFL Returns chiller low flow rate warning limit

?CHFLF Returns chiller low flow rate fault limit

?CHP Returns chiller pressure

?CHPH Returns chiller maximum pressure

?CHPL Returns chiller minimum pressure

CHSERVICED=n Setting n=1 will clear the chiller service warning, and resets the 
service start time.

?CHSERVICEHRSREM Displays the remaining hours before chiller service is required.

?CHSERVOPERIOD Returns light loop period

?CHSN Returns chiller serial number.

?CHST Returns chiller set point

?CHT Returns chiller temperature

?CHTH Returns chiller high temperature limit

?CHTL Returns chiller low temperature limit

?CPUMT Returns CPU package temperature

?CPUT Returns CPU chip temperature

?DAF Returns descriptions of active faults

?DATA Returns data from the datalogger. See section “?DATA Command” 
(p. 117) for additional details.

?D1H Returns the number of operating hours on laser diode 1

?D1RC Returns the set maximum current of diode 1 in Amps as nn.nn

?D1SN Returns serial number of the diode 1

?D2H Returns the number of operating hours on laser diode 2

Table 7-2.  RS-232 Commands and Queries (Sheet 2 of 11)

Commands & Queries Returned Information
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?D2RC Returns the set maximum current of diode 2 in Amps as nn.nn

?D2SN Returns serial number of the diode 2

?D3H Returns the number of operating hours on laser diode 3

?D3LLEN Returns the D3 light loop enable

?D3RC Returns the D3 rated current

?D3RCLL Returns the D3 rated current before light loop

?D3SN Returns the serial number of laser diode 3

?DATA Returns data from the datalogger. See section “?DATA Command” 
(p. 117) for additional details.

DHCP=n Enables or disables the dynamic host configuration protocol 
(DHCP):
n = 0 DHCP is disabled
n = 1 DHCP is enabled

?DHCP Returns the status of DHCP

DNS=nnn.nnn.n.n Sets the DNS address when DHCP is disabled

?DNS Returns the DNS server address

?DSH Returns the hours of DS

?DSLLEN Returns DS light loop enable

?DSRC Returns the DS rated current

?DSSN Returns the serial number for DS

ECHO=n
E=n

Turns the Characters transmitted to the laser (echoed) on or off
n = 0 turns off echo 
n = 1 turns on echo
A change in echo mode will take effect with the first command sent 
after the echo command.

EG=n Enable the external gate:
n = 0 disables PulseEQ external gate (default) 
n = 1 turns on PulseEQ external gate
(see “PulseEQ” (p. 62))

?EG Returns the PulseEQ external gate status

EM Sets external modulation

?EM Returns external modulation status

EP Enhanced serial protocol

Table 7-2.  RS-232 Commands and Queries (Sheet 3 of 11)

Commands & Queries Returned Information
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?EP Returns enhanced serial protocol

EXIT Closes an Ethernet connection

?F Displays a list of faults, if present 
Use ?FNAME command to show a description of a particular fault. 
If a fault is present, it will turn off the laser.
NOTE: This query can return multiple fault numbers separated by 
“&” e.g. 3&7&91

FACK = 1 Send “FACK=1” to acknowledge faults and return the laser to a a 
ready state if the fault condition is lifted.

?FAULTS Returns a list of numbered codes of all active faults. separated by 
an &, or returns “System OK” if no active faults

?FH Returns the fault history with index numbers delimited by “&” sign 
with no spaces 
Faults are recorded in chronological order since last AC power up 
or last FHC command. Fault history is limited to the last 20 faults. 

FHC Clears the fault history

?FNAME:nn Returns the description of fault code or warning code nn

?FV Returns the version number of the FPGA firmware of the laser

GATEWAY =nnn.nnn.n.n Set the gateway when DHCP is disabled

?GATEWAY Returns the Ethernet gateway

GRR=n Sets the PulseEQ internal repetition rate to n kHz (see “PulseEQ” 
(p. 62))

?GRR Returns the PulseEQ internal repetition rate in kHz

GRREN=n Enables the internal repetition rate gate:
n = 0 disables PulseEQ Internal triggering
n = 1  enables PulseEQ Internal triggering
For PulseEQ mode operation, if in “frequency on demand” mode 
(GRREN=1) the pulse repetition rate is controlled by the internal 
trigger repetition rate (GRR in kHz). The internal trigger repetition 
rate is limited to a maximum defined by the PulseEQ mode 
chosen from the Amplifier drop down menu (see “PulseEQ” 
(p. 62)). 

?GRREN Returns the status of the internal repetition rate gate:
n = 0 PulseEQ Internal triggering disabled (default)
n = 1 PulseEQ Internal triggering enabled

?GUI Returns the minimum required GUI version for current laser 
firmware

Table 7-2.  RS-232 Commands and Queries (Sheet 4 of 11)

Commands & Queries Returned Information
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HB=n Sets the heartbeat timeout in secs, 0 or 5-300 (0=disabled). For a 
full description see “Heartbeat Function” (p. 71).

?HB Returns the heartbeat timeout in seconds (0=disabled)

HELP Query commands, with optional filter

?HELP Shows a list of all commands or a subset if a keyword is used
For example, “?HELP PULSE” shows all PULSE related 
commands.

?HH Returns the number of operating hours on the system head

?HHL Returns the laser head humidity warning limit

HOSTNAME Sets host name for Ethernet connection

?HOSTNAME Returns host name of Ethernet connection

?HSN Returns serial number of the laser head

?HSV Returns firmware version of the laser head as HEAD rev x.xx, date

?HV Displays the internal revision level of major hardware components

IP = nnn.nnn.n.n Sets the static IP address. To set a static IP address use the
commands below with the IP address (e.g. 192.168.0.32) and
subnet (e.g. 255.255.255.0) you’ve chosen:

AUTOIP=0
DHCP=0
IP=192.168.0.32
SUBNET=255.255.255.0
BOOT=1

Note that the SUBNET needs to be set to match the subnet of the
PC that you want to control the laser from.

?IP Returns the IP address for Ethernet

IPMAX Sets end of range for AutoIP scan

?IPMAX Returns end of range for AutoIP scan

IP MIN Sets start of range for AutoIP scan

?IPMIN Returns start of range for AutoIP scan

?K Returns laser enable keyswitch state:
0 = laser in Standby (laser diodes cannot be turned on)
1 = laser enabled

Table 7-2.  RS-232 Commands and Queries (Sheet 5 of 11)

Commands & Queries Returned Information
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L L=0 turns off laser
L=1 turns on laser

?L=n Returns laser state:
0, if the laser is in STANDBY, key-switch is off
1, a fault is active and the system has been shut down
2, if the laser is READY, key-switch is on but the
diodes are off
24, if the laser is ON, all the diodes are on and the laser
is ready to produce output pulses

NOTE: Different firmware revisions can change the number 
of states. For example, previous revisions may have L=22 
as the ON state, but after a firmware upgrade L=24 may be 
the new ON state. End users should use the query ?ST to 
determine the laser ON state instead.

?LASTIP Returns last used static IP address

?LM Returns the laser model

?LNAME Returns name of the specified laser state
For example, send “?LNAME 1” to get the description of state 1.

LOCKOUT=n Sets laser LOCKOUT control state (only one connection can have 
exclusive control of laser at any given time):

n = 0 unlocks laser to release control to other remote
control device. The next remote device issuing a
command will have exclusive control, which sets
LOCKOUT=1 for that device.

n = 1 locks out other remote devices from controlling laser; only 
current control device has exclusive control of laser (default).

?LOCKOUT Returns LOCKOUT state of laser control:
0 = laser is unlocked from current connection for
control by another remote control device or connec-
tion.
1 = laser remote control is locked out: only current
connection has exclusive control of the laser

a = a connection from device X has exclusive control of the laser.

?LOOKUP REPRATES NAMES Returns a list of the laser repetition rates/seeder burst lengths that 
are available in the format, (reprate in kHz):(seeder burst length). 
For example:
?LOOKUP REPRATES NAMES 200:5, 250:4, 1000:5, 1000:1, 
2000:1, 4000:1
NOTE: This will inform the user what modes of operation are avail-
able using the GUI Amplifier menu (see Figure 5-5) or using the 
SET command (See “SET Command” (p. 118)

?LPSSN Returns low power stage serial number

Table 7-2.  RS-232 Commands and Queries (Sheet 6 of 11)

Commands & Queries Returned Information
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?MAC Returns the MAC address of the Ethernet interface

?MRR Returns the laser amplifier repetition rate (in kilohertz)

?NEW Returns every parameter that has changed

PASSWORD Sets up or changes the user password.

PC=n Sets pulse control:
n = 0 is pulse control off
n = 1 is pulse control on

?PC Returns the status of pulse control:
0 = pulse control off
1 = pulse control on

?PD3T Returns the PD3 temperature.

?PD4OPTEN Returns PD4 optimization enable status:
0 = PD4 optimization off
1 = PD4 optimization on

?PDSV Returns seed photodiode voltage

?PENERGYV Returns the external pulse energy control voltage

PEP Sets the output pulse energy as percentage of maximum, 0 to 100

?PEP Returns the current pulse energy percentage

PM=n Sets the pulse mode:
n = 0 for Continuous pulsing
n = 1 for Gated mode
n = 2 for Divided mode
n = 3 for Divided and Gated mode
n = 4 for Burst mode
n = 5 for Burst and Divided mode

?PM Returns the pulse mode:
1 = Gated mode
2 = Divided mode
3 = Divided and Gated mode
4 = Burst mode
5 = Burst and Divided mode
6 = PulseEQ mode

PROMPT=n Displays a prompt before each command:
n = 0 to remove the prompt
n = 1 to display prompt

?PSSN Returns the power supply serial number

Table 7-2.  RS-232 Commands and Queries (Sheet 7 of 11)

Commands & Queries Returned Information
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PW=n Sets the pulse width in femtoseconds 
Values for n must be within the range of pulse widths tested for the 
laser as listed on the datasheet provided with the system.

PWFINE=n Sets the pulse width fine tuning in %, range of -100 to 100. This 
works in conjunction with the Peak Power Optimizer.

?PWFINE Returns the pulse width fine tuning in %

?PWS Returns the pulse width set point

QUIT Closes an Ethernet connection

?READY Returns laser ready status

?RELH Returns the measured relative humidity % in laser head

REN=n Enables or disables the air recirculator inside the laser head:
n = 0 disables the recirculator.
n = 1 enables the recirculator.

?REN Returns recirculator control status

RL Sets the Output AOM voltage as percentage of maximum, from 0 
to 100

?RL Returns the Output AOM voltage as percentage of maximum

?RR Returns the laser pulse or seeder burst output repetition rate in Hz

RRD Allows the amplifier laser pulse repetition rate (configured using 
the SET command below) to be divided by an integer 
For example, to divide the amplifier repetition rate by 4, enter 
RRD=4. Limit 65,535.

?RRD Returns the laser pulse repetition rate divisor

S=n Sets the shutter state:
n = 0 closes external shutter
n = 1 opens external shutter

NOTE: This command will not open the shutter unless the 
Extended Interface defeat plug is in place, or pin 17 of the 
Extended Interface is supplied 5V.

?S Returns the status of the shutter:
0 = shutter closed
1 = shutter open

NOTE: This query assumes that the Extended Interface defeat 
plug is in place or 5V is being supplied to pin 17 of the Extended 
Interface. If it is not, it will not provide the true shutter status. See 
the ?SE query below.

?SC Returns the shutter cycle counter value

Table 7-2.  RS-232 Commands and Queries (Sheet 8 of 11)

Commands & Queries Returned Information
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SCI=n Shutter control inversion:
n = 0 disables inversion (default)
n = 1 enables inversion

?SCI Returns inversion of shutter control input value

?SE Returns the shutter control (pin 17) state:
0 = pin 17 at GND and S = 0 (both are off)
1 = pin 17 at GND and S = 1
2 = pin 17 is high and S = 0 
3 = pin 17 is high and S = 1 (both are on).

?SESSIONS Lists the active connections

SET=MRR,PW,RRD,PULSES, Sets several laser parameters simultaneously including amplifier 
repetition rate (MRR), pulse width (PW), repetition rate divisor 
(RRD), and number of pulses per seeder burst (PULSES). Values 
for the amplifier repetition rate must be chosen from those in the 
GUI Amplifier Rep Rate drop down menu. For a full description of 
the SET command, see “SET Command” (p. 118).

?SET Returns the current values for the laser parameters: amplifier 
repetition rate (RR) in kHz, pulse width (PW) in femtoseconds, 
repetition rate divisor (RRD), and number of pulses per seeder 
burst (e.g. “1000,400,2,1,”)

?SIS Returns the status of the shutter interlock sense:
0 = shutter interlock closed
1 = shutter interlock open

?SRR Returns the seed laser pulse repetition rate

?SSI Returns the status of the shutter installation:
0 = Shutter not installed
1 = Shutter installed

SSP Sets the SESAM spot position
For example, use “SSP=+” to shift to the next available spot.

?SSP Returns current SESAM spot position

?SSPC Returns the SESAM spot transition count (i.e. how many system 
starts on that spot)
Note that after 600 starts on a spot, the system will automatically 
move to a different spot at the next system start-up.

?SSPH Returns current SESAM spot hours

?SSPS Returns SESAM spot status

Table 7-2.  RS-232 Commands and Queries (Sheet 9 of 11)

Commands & Queries Returned Information
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?ST Returns the name of the current laser state such as “Standby”, 
“Ready”, “Fault”, or “On” when the laser reaches those steady 
state conditions
It can also return transient laser states, such as diode current 
ramping up or down.

SUBNET Sets the subnet when DHCP is disabled (DHCP=0)

?SUBNET Returns the Ethernet subnet

?SV Displays the revision level of major software components

SYNC2=n Sets the output from the Sync 2 HD-BNC connector on the back 
of the laser head:
n = 0 provides a representation of the drive signal for AOM2 
(if shutter closed/pulsing off then output is the amplifier rep rate)
n = 1 provides a representation of the seeder pulses

?SYNC2 Returns the output setting from the Sync 2 HD-BNC connector:
0 = follows the drive signal for AOM2 
1 = follows the seeder pulses

TIME = ‘yyyy-mm-dd hh:mm’ Sets local time on the laser clock

?TIME Returns local time on the laser clock

TIMEZONE Sets local time zone on the laser clock

?TIMEZONE Returns local time zone on the laser clock

?TIMEZONES Returns available time zones for this laser

?TSTL Checks if all temperature servos are tight locked

?TSTLS Returns the temperature servos tight locked status:
0 = Not within 0.1ºC
1 = within 0.1ºC

USB Set the mode for the USB connection

?USB Returns the USB connection mode

?W Displays a list of warnings, if present
Then use the ?WNAME command to show a description of a 
particular warning. Warnings will not turn off the laser.
NOTE: This query can return multiple warning numbers separated 
by “&” e.g. 801&816

?WH Displays the warning history

Table 7-2.  RS-232 Commands and Queries (Sheet 10 of 11)

Commands & Queries Returned Information
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7.4 Serial Command Laser Control

WARNING!
To avoid injury or damage, the laser output must be blocked or
directed at an intended target. All personnel in the area must be
wearing laser safety glasses.

7.4.1 Initial Start-up Procedure

To start the Monaco laser system, perform each of the following steps in
the order listed. The Initial Start-up procedure must be used after the
power switch on the rear panel has been shut off. Refer to Table 5-2 for
more information. 

After a complete shut down, the warm up time may take up to 45 minutes
while the diode and chiller temperatures stabilize to the set values. 

7.4.2 Preliminary

1. Check that the chiller reservoir is full, the coolant lines are connected,
and the chiller power switch (if present) is in the <ON> position.

2. Set the keyswitch to the <STANDBY> position.

3. Set the power switch on the power supply rear panel to the <ON> posi-
tion. The AC power indicator will light.1

4. Select which method of communication to set up the laser connection.
Connect a Microsoft computer to the system using the RS-232
Connection, Ethernet Connection, or the USB Connection.

WHC Clears the warning history

?WNAME Returns the description of a warning code
For example send “?WNAME 500” to get the description for 
warning 500.

Table 7-2.  RS-232 Commands and Queries (Sheet 11 of 11)

Commands & Queries Returned Information

1. If the indicator does not light, refer to Service and Maintenance for more information.
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After preliminary steps of the Initial Start-up procedure have been
completed, perform the Standby Start-up in the following procedure to
complete the Initial Start-up.

7.4.3 Standby Start-up Procedure

For routine operation of the Monaco, Coherent recommends using the
Standby Start-up procedure to turn on the laser. After a Standby Shut-
down the Standby Start-up can be performed whenever the rear panel
power switch has been left in the ON position and all diode and chiller
temperatures are locked and stable1. 

For Standby Start-up of Monaco laser system, enter the following
commands in the order listed.

1. Keyswitch:
• Set the keyswitch to the <ENABLE> position 

2. Set up the Triggering parameters: 
• PM = n to set the pulse mode

3. Set up the repetition rate and pulse width:
• SET = nnnnnn to set the Rep. Rate (Hz) value

4. Open the Shutter:
• S = 1 to open the shutter or press the shutter button on the

power supply front panel

• The shutter indicator will light on the power supply front panel

5. Turn on pulsing:
• PC = 1 to turn on pulses

6. Turn on diodes:
• L = 1 to turn on diodes. They will typically ramp to their set

current within 30 seconds.

• Allow at least 45 minutes for the temperature servos and the
chiller to achieve operating temperature.

1. Laser in the standby state with main AC power on as described in Table 5-2.
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7.4.4 Standby 
Shut-down

When the Monaco laser system is used on a regular routine basis, the
system can be powered down to the Standby mode. This method avoids
the time necessary to stabilize the system during the Initial Power-up
procedure.

1. Close Shutter: (this will stop lasing)

• S = 0 or press the shutter button on the power supply front panel

2. Turn diodes off:
• L = 0 to stop lasing

3. Keyswitch:
• Turn the keyswitch to the <STANDBY> position

• The key can be removed for safety

4. Chiller:
• The chiller should remain on

7.4.5 Complete System Shut-down 

To remove all power from the Monaco, complete the Standby Shut-down
procedure before performing these additional steps for a complete
shutdown. This procedure is recommended when performing system
maintenance or repair. Use the Initial Power-up procedure to turn on the
Monaco after a complete system shut-down.

1. AC mains Power:
• Turn off the power switch on the rear panel

2. Chiller Power:
• Turn off the power to the chiller
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7.4.6 ?DATA Command

The ?DATA command allows the user to retrieve information that is stored 
in the datalogger of the laser. It is equivalent to the ?PARAM command. 
Usage: 

?DATA PARAM <OPTIONS>
?PARAM <OPTIONS>

Where PARAM is one of the parameters being logged by the datalogger 
and OPTIONS is a combination of options from Table 7-3:

The FROM and TO parameters must be surrounded by quotation marks.
The FROM and TO parameters support multiple date and time styles, such 
as:
 FROM="10:00pm"
 FROM="22:00"
 FROM="2014-01-23 10:00am"
 FROM="23-Jan-14 10:00am"
 FROM="23-Jan-14 22:00"

Table 7-3.  OPTIONS List

ROWS=n Shows last n entries of logged history

OLDROWS=n Shows first n entries of logged history

DAYS=n  Shows last n days

HOURS=n Shows last n hours

MINS=n Shows last n minutes

SECS=n Shows last n seconds

FROM="timestamp" Shows log from this time

TO="timestamp" Shows log up to this time

BIN=1 Send the results in binary

NODUP=1 Skip over duplicate values

HELP=n Display this message if parameters are 
incorrect
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Below is an example of using the ?DATA PARAM command to look at any
instance of system faults (F) over the last 10 days. After the command,
each instance is listed by date, time, and fault number(s).

Monaco> ?DATA F DAYS=10
2019-11-06 15:53.06 310
2019-11-06 15:54.12 SYSTEM OK
2019-11-06 16:06.36 SYSTEM OK
2019-11-06 16:06.56 38
2019-11-06 16:07.07 38
2019-11-06 16:07.11 SYSTEM OK

7.4.7 SET Command

NOTICE 
Use of the SET command in user control software must allow for addi-
tional parameters or features with future software revisions.

The serial command SET configures a number of laser parameters
simultaneously including amplifier repetition rate (MRR), pulse width (PW),
repetition rate divisor (RRD), and number of pulses per seeder burst
(PULSES). Entering the query “?SET” will provide the current values for
the  laser  pa ramete rs  MRR,  PW,  RRD,  and  PULSES (e .g .
“1000,400,2,1,”).

Amplifier Repetition Rate (MRR): The SET command allows the user to
configure the laser’s amplifier repetition rate value. Values for MRR (in
kHz) must be chosen from those in the GUI Amplifier Rep Rate drop down
menu (see Figure 7-2). For a repetition rate divisor of one (RRD=1) this
will also be the laser’s output pulse/seeder burst repetition rate. Otherwise
the output repetition rate will be the amplifier repetition rate divided by the
RRD (MRR/RRD). For example, for the laser shown in Figure 7-2 a value
of 1000 kHz could be entered in the SET command to configure the laser
for 1 MHz operation. However 600 kHz could not be entered because it is
not a repetition rate value available from the drop down menu. The only
exception to this is for lasers with the Interpolated mode option where
repetition rates between 1-4 MHz can be entered manually. 

Pulse Width (PW): The SET command also allows the user to configure
the laser’s output pulse width. Values for PW (in femtoseconds) must be
within the range of pulse widths tested for the laser as listed on the
datasheet provided with the system. For example if the laser was not
tested at 10.1 psec pulse width, as shown on the datasheet, then the
configuring the laser for 10.1 psec operation could not be entered as a
valid SET command. 
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Repetition Rate Divisor (RRD): The SET command also allows the user
to configure the repetition rate divisor (RRD) of the laser. This enables
Monaco laser output at lower pulse repetition rates by using the AOM to
reduce the amplifier repetition rate (see “Divided Mode” (p. 58)). The
laser’s output pulse (or seeder burst) repetition rate would be the amplifier
repetition rate divided by RRD. Values for RRD can be from 1 to 65535.
For example, setting the amplifier repetition rate (MRR) to 1 MHz and the
repetition rate divider (RRD) to 4 then the output repetition rate would be
250 kHz.

Figure 7-2.  Amplifier Rep Rate Drop Down Menu
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Number of Pulses per Seeder Burst (PULSES): The SET command
also allows the user to configure the number of pulses in each seeder
burst from the laser (see “Seeder Burst Mode (Optional)” (p. 57)). Note
that PULSES= 1 (one pulse in each seeder burst) is simply a continuous
stream of single pulses. Values for the amplifier repetition rate (MRR) and
for PULSES must be chosen from those in the GUI Amplifier Rep Rate
drop down menu (see Figure 7-2). For example in the laser shown, the
laser could be configured for 500 kHz repetition rate with 2 pulses per
seeder burst, but 400 kHz repetition rate with 2 pulses per seeder burst is
not an available option.

7.4.7.1 Using the SET command:

SET=MRR,PW,RRD,PULSES,NAME where RR is the requested amplifier
rep rate in kHz, PW is the pulse width in femtoseconds, RRD is the
repetition rate divisor, PULSES is the number of pulses per seeder burst,
and NAME for a particular configuration. Note that SET commands
without a NAME specified require a comma at the end of the listed
parameters (e.g. SET=1000,400,4,1,). Several examples of using the SET
command this way are shown in Table 7-4 below: 

Table 7-4.  SET Command Examples

SET Command Laser Output

SET=1000,400,1,1, 1 MHz output rep rate
400 fsec pulse width

SET=1000,400,1,1,PULSEEQ 1 MHz output rep rate
400 fsec pulse width

PulseEQ mode

SET=250,450,2,2, 125 kHz seeder burst output rep rate
450 fsec pulse width

2 pulses per seeder burst
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8 Service and Maintenance

8.1 Introduction

The power supply and laser head are not operator serviceable.

WARNING!
There are NO serviceable items in the laser head or power supply
except as detailed in the desiccant replacement procedure. Any
opening to break the sealing of the laser head or power supply is
strictly not allowed. Opening or breaking the laser head seal, except
and only as specified in the desiccant replacement procedure, will
void the manufacturer’s warranty. 

8.2 Troubleshooting

Table 8-1 lists some possible problems/error messages with a reference to
the associated troubleshooting chart located in this section.

8.3 Fault Conditions / Fault Handling

When a fault condition occurs, the fault indicator in the System Faults
Panel on the Main menu tab of the GUI will change from green to red.
Most faults will shut down laser operation, and the ramp down typically
takes a few seconds to maintain system life. The temperature servos stay
on. The laser will not start when a fault is active. See Table 8-1 for a list of
common system faults and troubleshooting procedures. For any system
faults not listed please contact Coherent service or an authorized
Coherent representative.

When a Monaco fault condition occurs, the emission indicators will turn off
and the shutter will close.

To return the system to operation, the condition that caused the fault must
be corrected. In addition, the fault must be acknowledged by pressing the
<Clear> button on the Main menu tab in the System Fault Panel of the
Coherent GUI, or by sending the command FACK = 1.
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Warning messages are displayed in the System Faults Panel on the
Main menu tab of the GUI. Warnings do not shut the laser down.
Warnings do not need to be acknowledged to start up or continue laser
operation, and are provided for customer information only. 

Table 8-1.  Troubleshooting/Fault Messages

Problem Troubleshooting
Reference

AC ON indicator on Coherent power supply front panel does not light when 
power switch on rear panel is ON.

Chart 8-1

Laser does not start (no light output). Chart 8-2

Laser Emission indicator on Coherent power supply front panel or on the laser 
head does not light when keyswitch is in the Laser Enable position.

See Note 1

Low output power. Chart 8-3

Laser output is unstable. Chart 8-4

Laser shuts down (no light output). Chart 8-5

Fault Messages:

# 1 Emission Lamp Interlock Fault Contact Coherent

# 2 External Interlock Fault Chart 8-8

# 3 Light Loop Fault Chart 8-6

# 5 FPGA Fault Contact Coherent

# 7 Timeout Fault Contact Coherent

# 8 Rep Rate Noise Change SESAM Spot
(see “Changing the SESAM Spot” 

(p. 75))

# 9 HSN on EEPROM Is Not Recognized Contact Coherent

# 12 Seed Diode Temperature Fault Contact Coherent

# 13 Diode 1 Temperature Fault Contact Coherent

# 14 Diode 2 Temperature Fault Contact Coherent

# 15 Stretcher Temperature Fault Contact Coherent

# 16 Baseplate Temperature Fault Chart 8-7

# 17 Baseplate 2 Temperature Fault Chart 8-7

Note 1. Contact Coherent or an authorized representative. The laser emission lamp will not light if an interlock
is open. Check interlocks before contacting Coherent or representative.
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# 18 Seed Servo Stuck Fault Contact Coherent

# 19 Seed Servo Drive Too Low Fault Contact Coherent

# 20 Seed Maximum Temp Differential Fault Contact Coherent

# 21 Diode 1 Servo Stuck Fault Contact Coherent

# 22 Diode 1 Servo Drive Too Low Fault Contact Coherent

# 23 Diode 1 Maximum Temp Differential Fault Contact Coherent

# 24 Diode 2 Servo Stuck Fault Contact Coherent

# 25 Diode 2 Servo Drive Too Low Fault Contact Coherent

# 26 Diode 2 Maximum Temp Differential Fault Contact Coherent

# 27 Stretcher Servo Stuck Fault Contact Coherent

# 28 Stretcher Servo Drive Too Low Fault Contact Coherent

# 29 Stretcher Maximum Temp Differential Fault Contact Coherent

# 30 Diode Seed Over Current Fault Contact Coherent

# 31 Shutter State Mismatch Fault Chart 8-12

# 32 Diode 1 Over Current Fault Contact Coherent

# 33 Diode 2 Over Current Fault Contact Coherent

# 34 Diode 3 Over Current Fault Contact Coherent

# 35 Diode Seed Under Current Fault Contact Coherent

# 36 Diode 1 Under Current Fault Contact Coherent

# 37 Diode 2 Under Current Fault Contact Coherent

# 38 Diode 3 Under Current Fault Contact Coherent

# 39 Shutter Interlock Fault Check the user’s shutter 
interlock connections.

# 40 Diode 3 Under Voltage Fault Contact Coherent

# 41 Diode 3 Over Voltage Fault Contact Coherent

# 50 Chiller Water Level Fault Chart 8-14

Table 8-1.  Troubleshooting/Fault Messages (Continued)

Problem Troubleshooting
Reference

Note 1. Contact Coherent or an authorized representative. The laser emission lamp will not light if an interlock
is open. Check interlocks before contacting Coherent or representative.
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# 51 Chiller Temperature Fault Chart 8-14

# 52 Chiller Comm Fault Chart 8-9 (Termotek Chiller)
Chart 8-10 (SMC Chiller)

# 53 Chiller Flow Fault Chart 8-11

# 54 Chiller Delta Fault Contact Coherent

# 55 Stretcher 2 Temperature Fault Contact Coherent

# 56 Stretcher 2 Servo Stuck Contact Coherent

# 57 Stretcher 2 Servo Drive Too Low Fault Contact Coherent

# 58 Stretcher 2 Maximum Temp Differential Fault Contact Coherent

# 59 BTEN Enable Fault Contact Coherent

# 62 Spot Hour Elapsed Fault Cycle the AC power or issue 
BOOT=1 command)

# 63 Crystal Map Fault Cycle the AC power or issue 
BOOT=1 command)

# 64 Motor Controller A1 Fault Contact Coherent

# 68 SESAM Motor Stuck At Home Fault Contact Coherent

# 69 SESAM Motor Not Find Home Fault Contact Coherent

# 70 Rotational Motor Communication Fault Contact Coherent

# 71 Rotational Motor Angle Fault Contact Coherent

# 72 Pulse Width Motor Fault Contact Coherent

# 73 Baseplate Internal Temperature Fault Contact Coherent

# 74 Baseplate External Temperature Fault Contact Coherent

# 75 UV AUX Board Not Accessible Fault Contact Coherent

# 77 Baseplate Temperature Rise Fault Chart 8-11

# 78 Amplifier Temperature Fault Chart 8-11

# 79 Baseplate Temperature Differential Fault Chart 8-11t

# 80 Thread Exception Fault Chart 8-6

Table 8-1.  Troubleshooting/Fault Messages (Continued)

Problem Troubleshooting
Reference

Note 1. Contact Coherent or an authorized representative. The laser emission lamp will not light if an interlock
is open. Check interlocks before contacting Coherent or representative.
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# 90 Fast Shutdown - Photodiode 1 Voltage Fault Contact Coherent

# 91 Fast Shutdown - Photodiode 2 Voltage Fault Contact Coherent

# 94 Photodiode 1 Voltage Out of Range Fault Contact Coherent

# 95 Photodiode 2 Voltage Out of Range Fault Contact Coherent

# 96 Photodiode 3 Voltage Low Fault Contact Coherent

# 97 Photodiode 5 Back Reflect High Fault Contact Coherent

# 98 Configuration Fault Contact Coherent

# 99 Photodiode 6 Voltage Low Fault Contact Coherent

# 106 Hardware Watchdog Reset Occurred Fault Contact Coherent

# 107 EE Calibration Values Not Updated Fault Contact Coherent

# 112 Machine Safe Shutter State Mismatch Fault Contact Coherent

# 300 Software Thread Stalled Fault Contact Coherent

# 301 Communication To Control Computer Lost Fault Chart 8-13

# 302 Unable To Read From FPGA Fault Chart 8-6

# 303 Wrong FPGA Firmware Installed Fault Contact Coherent

# 304 Power On Self Test (POST) Fault Record fault number and 
contact Coherent

# 305 Unable To Write To FPGA Fault Chart 8-6

# 306 DC GOOD Signal Is Bad Fault Chart 8-6

# 307 GUI Is Out of Date Fault Upgrade GUI to the latest version

# 308 Unapproved Chiller Fault Change to a Coherent certified 
chiller.

# 309 I2C Failure Fault Contact Coherent

# 310 Illegal Storage Value Fault Contact Coherent

# 311 Too Many Faults Have Occurred Contact Coherent

Table 8-1.  Troubleshooting/Fault Messages (Continued)

Problem Troubleshooting
Reference

Note 1. Contact Coherent or an authorized representative. The laser emission lamp will not light if an interlock
is open. Check interlocks before contacting Coherent or representative.
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# 500 Relative Humidity Warning Consider change to desiccant
(see “Changing the Laser Head 

Desiccant” (p. 155))

# 502 Spot Hour Elapsed Warning Cycle the AC power or issue 
BOOT=1 command

# 504 State Machine Had A Timeout Warning If problem persists, Contact 
Coherent

# 505 Chiller Water Level Warning Chart 8-11

# 506 Chiller Flow Warning Chart 8-11

# 507 Diode 3 Light Loop Limit Warning If problem persists, Contact 
Coherent

# 508 Rotational Motor Angle Warning If problem persists, Contact 
Coherent

# 509 Rotational Motor Angle Tolerance Warning If problem persists, Contact 
Coherent

# 510 Seed Drive Is Low Warning If problem persists, Contact 
Coherent

# 511 Diode 1 Drive Is Low Warning If problem persists, Contact 
Coherent

# 512 Diode 2 Drive Is Low Warning If problem persists, Contact 
Coherent

# 513 Stretcher Drive Is Low Warning If problem persists, Contact 
Coherent

# 515 Chiller-Baseplate Delta Warning Chart 8-11

# 516 Chiller Delta Warning Chart 8-11

# 517 Seed Diode Light Loop Limit Warning If problem persists, Contact 
Coherent

# 518 Reprate Noise Warning If problem persists, Contact 
Coherent

# 519 Rotational Motor Version Warning If problem persists, Contact 
Coherent

# 520 Photo Diode 1 Saturated Warning If problem persists, Contact 
Coherent

Table 8-1.  Troubleshooting/Fault Messages (Continued)

Problem Troubleshooting
Reference

Note 1. Contact Coherent or an authorized representative. The laser emission lamp will not light if an interlock
is open. Check interlocks before contacting Coherent or representative.
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# 521 Photo Diode 2 Saturated Warning If problem persists, Contact 
Coherent

# 522 Stretcher 2 Drive Is Low Warning If problem persists, Contact 
Coherent

# 523 Diode 4 Light Loop Limit Warning If problem persists, Contact 
Coherent

# 524 Diode 3 Calibration Values Exceed Normal Variations Warning If problem persists, Contact 
Coherent

# 529 D2RC < D2CMin Warning If problem persists, Contact 
Coherent

# 530 THG Requires Reset Warning STOP the laser or close the laser 
shutter for 30 seconds 

(S=0 command)

# 531 Baseplate Temperature Differential Warning Chart 8-11

# 800 Bootloader Is Below Revision v1.3 Warning Contact Coherent

# 801 Operating System Image Is Below Revision v1.3 Warning Contact Coherent

# 802 Operating System Is Not 7.0 Warning Contact Coherent

# 803 Software Thread Is Too Slow Warning If problem persists, Contact 
Coherent

# 804 CPU Temperature Warning Check ambient temperature is 
within operating specifications

# 805 Battery Is Low Warning If problem persists, Contact 
Coherent

# 806 Module Temperature Is Too High Warning Check ambient temperature is 
within operating specifications

# 807 BasePlate Temperature Too Low Warning Check ambient temperature is 
within operating specifications

# 808 Configurable Warning Per Warning text 
(can be removed by typing the 

command “TEST=” in the 
command prompt)

# 809 Spot Movement Failed Warning If problem persists, Contact 
Coherent

Table 8-1.  Troubleshooting/Fault Messages (Continued)

Problem Troubleshooting
Reference

Note 1. Contact Coherent or an authorized representative. The laser emission lamp will not light if an interlock
is open. Check interlocks before contacting Coherent or representative.
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# 810 Laser On Last Good Spot Warning If problem persists, Contact 
Coherent

# 811 Non Standard Shutdown Warning If problem persists, Contact 
Coherent

# 812 Diode Calibration Failed Warning If problem persists, Contact 
Coherent

# 813 Chiller Filter and Water Service Required Warning Change chiller coolant and filter. 
To remove the warning after 

changing the coolant, click on the 
“Timer” button on the Tempera-
ture tab of the GUI, or enter the 

serial command 
CHSERVICED=1.

# 814 Installed Module is not a T20 512MB Warning Contact Coherent

# 815 Several Faults Have Occurred Warning Contact Coherent

Table 8-1.  Troubleshooting/Fault Messages (Continued)

Problem Troubleshooting
Reference

Note 1. Contact Coherent or an authorized representative. The laser emission lamp will not light if an interlock
is open. Check interlocks before contacting Coherent or representative.
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Chart 8-1. AC ON Indicator Does Not Light1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Verify facility power
Is facility power okay?

Correct facility power 
as required.
Did the fault clear?

Contact Coherent service
or an authorized service
representative.

.NO

YES YES

NOOther indicators on the 
power supply lit?

NO

Is the power supply
turned on?

Is the power cord 
plugged in?

YES

YES

Correct as required.
Did the fault clear?

NO

NO

NO

Resume operation

YES

YES
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Chart 8-2. Laser Does Not Start (No Light Output)1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Refer to the assumptions 
on the facing page.

Refer to Table 7-1
Any fault messages or 
system status message
displayed? 

Laser being controlled
by external equipment?

Contact Coherent service 
or an authorized service
representative.

Disconnect all external
pulse control equipment, 
operate laser in Continuous
mode (PM=0), and internal 
modulation (EM=0). Does 
the laser start?

Repair external equipment 
and resume operation. 
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8.3.1 Laser Does Not Start (No Light Output) [Continued]

The numbered paragraphs below are keyed to and supplement the flowchart for this chart.

[1] Assumptions:

• The operating parameters are correctly set for the corresponding operating mode as
described in “Operation”. 

• The Coherent GUI is connected to the laser in question.

• The Extended Interface and External Interlock connectors are active. It is helpful to verify that
the external device supplying this signal is operational. If a user interlock is installed, the user
interlock can be verified by temporarily replacing it with the interlock defeat supplied with the
system.

[2] If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA)
number is required. Contact Coherent or an authorized representative.
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Chart 8-3. Low Output Power1 

Refer to Table 7-1

Is chiller at set flow rate and 
temperature?

Any fault messages or
system status messages?

Refer to the assumptions
on the facing page.

Reset chiller to set point 
(for Cohr chiller see datasheet).
Is output power restored? 

Is Pulse Width (if adjustable
model) set to desired spec?

Is Pulse Energy set to 100%?

Contact Coherent service 
or an authorized service
representative.

Reset Pulse Energy using 
GUI or RL serial command.  Is 
output power restored? 

Refer to laser datasheet and 
adjust Pulse Width using GUI or 
PW serial command.  Is output 
power restored?

Resume operation.

Is RF percentage set to 100%?
Reset RF percentage using 
RF serial command.  Is 
output power restored? 
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8.3.2 Low Output Power [Continued]

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

The numbered paragraphs below are keyed to and supplement the flowchart for this chart.

[1] Assumptions:

• The operating mode parameters have the correct settings as described in “Operation”
(p. 43).

• The power output level is set properly using the RL command.

• All temperature servos are locked.

[2] If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA)
number is required. Contact Coherent or an authorized representative.
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Chart 8-4. Laser Output Unstable1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Resume Operation

Check external gate or 
modulation configuration 
and signal quality.  Power
unstable?

Refer to the assumptions
on the facing page.

Check output power with
an external power meter. 
Power fluctuating? 

Set pulse mode continuous
(PM=0) and system to internal
modulation (EM=0).  Is power 
stable?

Change SESAM spot 
(see “SESAM” on page
7-30).  Is power stable?

Contact Coherent service 
or an authorized service 
representative

Check chiller.  Is the 
chiller temperature and 
flow rate stable?

Contact chiller supplier.
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8.3.3 Laser Output Unstable [Continued]

The numbered paragraphs below are keyed to and supplement the flowchart for this chart.

[1] Assumptions:

• The laser system has been installed in accordance with the installation procedures
in “Installation”

• The laser system has been turned on and set up as described in “Operation”

• The laser is in continuous mode (PM=0), or the external gate or modulation config-
uration is set properly, and signal quality meets the requirement (see “EXT MOD
Input” (p. 33) and “Gate 1 and Gate 2” (p. 35)).

[2] The laser may not function correctly if the external gate or trigger configuration is not set properly. 

[3] If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA)
number is required. Contact Coherent or an authorized representative.
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Chart 8-5. Laser Shuts Down (No Light Output)1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Refer to the assumptions
on the facing page.

If Coherent power supply, 
is AC indicator on?

Laser controlled by 
external gating or 
modulation?

Disconnect external 
gate equipment.  Change
to Continuous Mode (PM=0)
and Internal modulation 
(EM=0).  Does the laser start?

Repair external equipment

Refer to Chart 1.
NO

YES

YES

YES

NO

NO

Contact Coherent service
or an authorized service
representative.

Any fault messages or 
system status messages?

Refer to Table 7-1.
NO

YES

Cycle the power.  Is
output restored?  

NO

Resume Operation YES
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8.3.4 Laser Shuts Down (No Light Output) [Continued]

The numbered paragraphs below are keyed to and supplement the flowchart for this chart.

[1] Assumptions:

• The laser system had been operating immediately prior to shut-down.

• The laser is set to Continuous mode.

• The interlocks are closed as described in “Installation”. The laser will not operate with the
interlock circuits open.

If a user interlock is installed, the user interlock can be verified by temporarily replacing it with
the interlock defeat supplied with the system.

• The operating parameters are correctly set for the operating mode as described in “Opera-
tion” 

• The external enable function is active.

[2] External equipment consists of any equipment connected to the Gate/External Modulation or
External Interlock/Chiller Control connector. 

[3] The laser will not output pulses unless External Interlock or Extended Interface connector is
connected and active. It is helpful to verify that the external device supplying this signal is oper-
ational. 

[4] If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA)
number is required. Contact Coherent or an authorized representative.
137



Monaco Operator’s Manual
Chart 8-6. Cycle the Power (Light Loop, Thread Exception, FPGA Read/
Write, Power On Self Test Faults)1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Select the clear button 
on the GUI or use the 
FACK=1 command.
Did the fault clear?

YES

Resume operation.Cycle the AC power.
Did the fault clear?

NO

YES

NO

Contact Coherent service
or an authorized service 
representative.
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8.3.5 Cycle the Power (Thread Exception, FPGA Read/Write, Power On 
Self Test Faults) [Continued]

[1] To Clear the fault press the CLEAR button in the System Faults panel of the GUI Main menu tab
or send a FACK=1 command. If the fault clears resume operation.

[2] Turn the power switch on the power supply rear panel to OFF for at least 3 seconds. Then turn
the switch back to ON.

[3] If the fault persists, contact Coherent or an authorized representative. 

[4] If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA)
number is required. Contact Coherent or an authorized representative.
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Chart 8-7. Temperature Faults or Warnings1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Is the chiller set to the 
correct temperature?

Check ambient temperature.
Does the ambient temp meet
operating specifications?

Clear the fault with the GUI
button or by issuing FACK=1
command.  Did the fault clear?

NO Correct the ambient
temperature conditions.

YES

Contact Coherent service 
or an authorized service 
representative.

YES

NO

NO

Resume operation.

Does the coolant 
have adequate flow?

Correct coolant 
flow restriction.

Correct the chiller 
set temperature. 

YES

YES

NO

Check base plate temp by 
issuing ?BT command. Is
the temperature correct?

YES

NO Contact Coherent service 
or an authorized service 
representative.

Does the chiller used meet 
the cooling capacity needs
(see Appendix A)?

YES

NO Change the chiller. 
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8.3.6 Temperature Faults [Continued]

The temperature faults indicate that the allowable ranges of temperature control have been
exceeded. The Servo Temperature Fault indicates that a servo drive has been maximized without
reaching the control temperature. 

[1] To Clear the fault, press the CLEAR button in the System Faults panel of the GUI Main menu tab
or send a FACK=1 command.
If the fault does not clear, a message will appear in the System Faults panel on the Main menu
tab.
If the fault clears resume operation.

[2] If the fault persists, contact Coherent or an authorized representative. 

[3] If the laser system must be returned directly to Coherent, an RMA (Return Material Authorization)
number is required. Contact Coherent or an authorized representative.
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Chart 8-8. External Interlock Fault1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Select the clear button.
Did the fault clear?

Insert interlock defeat plug.
Did the fault clear?

Cycle the power.
Did the fault clear?

NO

Repair remote 
interlock conection.

YES

Contact Coherent service 
or an authorized service 
representative.

YES Resume operation.

NO

NO

Resume operation.
YES

Are any external 
interlocks open?

NO

Close the external
interlock.

YES
142



8.3.7 External Interlock Fault [Continued]

The laser system will not operate with an open interlock circuit. The external interlock supplied
with the system or a user-furnished interlock must be installed. Refer to the paragraph titled
“Interlocks” (p. 29).

[1] To Clear the fault, press the CLEAR button in the System Faults panel of the GUI Main menu tab
or send a FACK=1 command.
If the fault does not clear, a message will appear in the System Faults panel on the Main menu
tab.
If the fault clears resume operation.

[2] Check that the connector that is connected to the External Interlock connector on the laser head
rear panel is firmly seated.

[3] If a user interlock is installed, turn the keyswitch to <Standby> and replace the user interlock
circuit with the External Interlock supplied with the system. If the fault clears, the user interlock
circuit is defective.

If the fault does not clear, verify continuity of the interlock connector.

If the fault clears, resume normal operation.

[4] If the fault persists, contact Coherent or an authorized representative. 

[5] If the laser system must be returned directly to Coherent, an RMA (Return Material Authorization)
number is required. Contact Coherent or an authorized representative.
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Chart 8-9. Chiller Comm Fault (Termotek Chiller)1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Select the clear button.
Did the fault clear?

Is the chiller cable 
connected and secure?

Cycle the power.
Did the fault clear?

NO Connect or re-seat 
chiller cable.  Did the 
fault clear?

YES

Contact Coherent service 
or an authorized service 
representative.

YES Resume operation.

NO

NO

Resume operation.YES

NO
YES
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Chart 8-10. Chiller Comm Fault (SMC Chiller)1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Select the clear button.
Did the fault clear?

Is the chiller cable 
connected and secure?

Cycle the power.
Did the fault clear?

NO Connect or re-seat 
chiller cable.  Did the 
fault clear?

YES

Contact Coherent service 
or an authorized service 
representative.

YES Resume operation.

NO

NO

Resume operation.YES

NO
YES

Was the SMC Chiller 
Software Procedure
performed (see page 3-10)?

Disconnect the chiller from
the laser, perform the
procedure.

YES

Open Command Prompt,
type commands:
CHTYPE=AUTO
CHTYPE=SMC 
Did the fault clear?

YES Resume operation.

NO

NO
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8.3.8 Chiller Comm Fault [Continued]

[1] To Clear the fault, press the CLEAR button in the System Faults panel of the GUI Main menu tab
or send a FACK=1 command.
If the fault does not clear, a message will appear in the System Faults panel on the Main menu
tab.
If the fault clears resume operation.

[2] If the fault persists, contact Coherent or an authorized representative. 

[3] To enter commands into the Command Prompt, click on the Command Prompt button at the
bottom of the Main Tab of the GUI (See “About Menu Tab” (p. 87)).

[4] If the laser system must be returned directly to Coherent, an RMA (Return Material Authorization)
number is required. Contact Coherent or an authorized representative.
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Chart 8-11. Chiller Flow Fault1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.
* See the note numbers 2-4 next page.

Is the chiller filter clean?

Cycle the power.
Did the fault clear?

Contact Coherent service 
or an authorized service 
representative.

NO

Resume operation.

Replace the chiller filter
(see Appendix page D-1 for 
Coherent part numbers). 

YES

NO

Is the chiller AC power 
connected and chiller
turned on?

Turn the chiller power on.

NODoes the coolant 
have adequate flow?

Correct coolant flow
restriction. Ensure hoses 
are not kinked, not too long,
and of adequate diameter.*

YES

NO

YES

Check the water level of 
the chiller. Is the coolant 
reservoir at proper level?

Add coolant to reservoir 
for proper level.

NO

YES

YES

Are the hoses from the chiller
to the laser well connected? Secure hose connections.

NO

YES

Did the fault clear? NO Purge and replace the 
Coolflow coolant. 

YES
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8.3.9 Chiller Flow Fault [Continued]

[1] To clear the fault, press the CLEAR button in the System Faults panel of the GUI Main menu tab
or send a FACK=1 command.
If the fault does not clear, a message will appear in the System Faults panel on the Main menu
tab.
If the fault clears resume operation.

[2] The chiller hoses are connected to the laser head rear panel and the hose connectors are firmly
seated.

[3] The hoses are not excessively long and have a diameter (ID) equal to or greater than 3/8”.

[4] There are no kinks or crimps in the hose to reduce the flow.

[5] If the system exhibits low flow or suspected possible biological growth, and should maintenance
be required:

• Flush with clean distilled water

• Run with a 3-5% solution peroxide for 30 minutes

• Flush with clean distilled water

• Re-fill reservoir with coolant (see “Water Cooling” (p. 158))

[6] If the fault persists, contact Coherent or an authorized representative.

[7] If the laser system must be returned directly to Coherent, an RMA (Return Material Authorization)
number is required. Contact Coherent or an authorized representative.
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Chart 8-12. Shutter State Mismatch Fault1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Select the clear button 
on the GUI or use the 
FACK=1 command.
Did the fault clear?

YES

Resume operation.Cycle the AC power.
Did the fault clear?

NO

YES

NO

Contact Coherent service
or an authorized service 
representative.

Insert Extended Interface 
defeat plug. Did the fault 
clear?

YES
Resume operation.

NO
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8.3.10 Shutter State Mismatch Fault [Continued]

The Shutter State Mismatch Fault indicates that the actual shutter state disagrees with the
indicated position.

[1] To Clear the fault, press the CLEAR button in the System Faults panel of the GUI Main menu tab
or send a FACK=1 command.
If the fault does not clear, a message will appear in the System Faults panel on the Main menu
tab.
If the fault clears resume operation.

[2] If the user has an interface connected to the External Interface connector (see “Laser Head
Connections Photograph” (p. 20)), turn the keyswitch to <Standby> and replace the user inter-
face circuit with the Extended Interface Defeat plug supplied with the system. If the fault clears,
the problem is with the user’s interface wiring and needs to be corrected.

If the fault does not clear, verify continuity of the interlock connector.

If the fault clears, resume normal operation.

If the fault persists, contact Coherent or an authorized representative. 

If the laser system must be returned directly to Coherent, an RMA (Return Material
Authorization) number is required. Contact Coherent or an authorized representative.
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Chart 8-13. Dropped Connection Fault1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Refer to the assumptions 
on the facing page.

Restore computer connection
and resume operation.

Check computer connection.
Did the computer “sleep” or 
lose connection? 

Check control cable
connections.  Are connections
secure during operation?

Secure connections and 
resume operation.

Cycle the AC power.  Did
the fault clear?

Contact Coherent service
or an authorized service
representative. 

Resume operation.

Stop other computer 
processes/applications. 
Can the fault be cleared?

Resume operation.
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8.3.11 Dropped Connection Fault [Continued]

Assumptions:

[1] To clear the fault, press the CLEAR button in the System Faults panel of the GUI Main menu tab
or send a FACK=1 command.
If the fault does not clear, a message will appear in the System Faults panel on the Main menu
tab.
If the fault clears resume operation.

[2] The connections to the computer (USB, RS-232, or Ethernet) and/or Extended Interface on the
laser head rear panel are firmly seated.

[3] The computer’s power saving, sleep, and hibernation settings do not allow the computer to turn
off during laser operation.

[4] The Heartbeat Function is enabled and timeout setting is appropriate (see “Heartbeat Function”
(p. 71)).

If the fault persists, contact Coherent or an authorized representative.

If the laser system must be returned directly to Coherent, an RMA (Return Material
Authorization) number is required. Contact Coherent or an authorized representative.
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Chart 8-14. Chiller Water Level/Chiller Temperature Fault1

1. If the laser system must be returned directly to Coherent, a Return Material Authorization (RMA) number is required. 
Contact Coherent or an authorized representative.

Refer to the assumptions 
on the facing page.

Add more coolant solution. 
Did fault clear?

Check plumbing and water 
level of the chiller.  Is 
coolant solution low? 

Check control cable
connections.  Are connections
secure during operation?

Resume operation.

Contact Coherent service
or an authorized service
representative. 
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8.3.12 Chiller Water Level/Chiller Temperature Fault [Continued]

Assumptions:

[1] To clear the fault, press the CLEAR button in the System Faults panel of the GUI Main menu tab
or send a FACK=1 command.
If the fault does not clear, a message will appear in the System Faults panel on the Main menu
tab.
If the fault clears resume operation.

[2] The chiller hoses are connected to the laser head rear panel and the connector is firmly seated.

[3] The chiller is filled with Coherent recommended Coolflow DTX (available from Hydratecha) at
28% volume mixed with distilled water.

If the fault persists, contact Coherent or an authorized representative.

If the laser system must be returned directly to Coherent, an RMA (Return Material
Authorization) number is required. Contact Coherent or an authorized representative.

a.  http://www.hydratech.co.uk/coolflowige.html
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8.4 Changing the Laser Head Desiccant

The humidity sensor is located within the access cover and can be read in
the Humidity panel of the Temperature Menu Tab. When the relative
humidity inside the laser head reads > 8% as measured by the sensor, a
warning message will be displayed in System Faults panel on the Main
menu tab of the GUI.

The desiccant housing is located inside the access cover. The desiccant
cover location is shown in Figure 8-1.

If the desiccant needs to be replaced more than once in 12 months,
contact a Coherent representative for further evaluation. 

8.4.1 Criteria for Replacement

Check the relative humidity reading on the Temperature Menu Tab screen
(or using the ?RELH serial command) and replace the desiccant if >8%. 

Do not remove the access cover while the laser is on. Turn the
keyswitch to the STANDBY position, and turn OFF the main AC power
(the switch is located on the rear panel of the power supply).

Figure 8-1.  Head Desiccant Location

Desiccant
Access

Rear Cover
Plate
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8.4.2 Desiccant Replacement Procedure

If the desiccant needs to be replaced.

1. Put laser in Standby Mode. Turn off the power switch from the back
panel of the laser power supply.

2. Remove the three screws (with 2mm hex key) holding the black, rear
cover to expose the desiccant access plate.

3. Note which hose plugs into which connnector, then unplug the hoses
in front of the desiccant access plate and carefully move them aside
(see Figure 8-2). 

4. Remove screws (with 2mm hex key) around the desiccant access
plate. 

5. Remove the old desiccant pouch and replace it with a new pouch (part
number 1285564, orderable from Coherent).

6. Secure the desiccant access plate.

7. Plug the hoses back into the housing.

8. Re-install the rear cover plate.

9. Turn main AC power switch on the rear panel of the power supply to
the <ON> position and perform the procedure titled “Initial Start-up
Procedure” (p. 43). 

Figure 8-2.  Clearing the Desiccant Access Plate 
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Thermal Management
I Thermal Management

I.1 Introduction

When installing the Monaco laser head, the heat load must be properly
dissipated. Insufficient cooling can trigger an over temperature condition,
especially with the higher power models.

Routinely check the chiller flow rate remains constant and the chiller filter
does not become clogged over time. Restricted water flow will impact the
thermal management of  the laser head and may impact laser
performance. If the system exhibits low flow or suspected possible
biological growth, and should maintenance be required:

• Flush chiller with clean distilled water

• Run chiller with a 3-5% solution peroxide for 30 minutes

• Flush chiller with clean distilled water

• Re-fill reservoir with coolant (see “Water Cooling below).

Chillers require regular circulation, and coolant should not be left sitting in
the reservoir for more than a few days. Drain and flush out the coolant
before leaving a chiller to sit for any extended period.

The temperature of the laser head baseplate is monitored and displayed
on the Temperature Menu Tab of the GUI. The baseplate temperature is
used to monitor the effectiveness of heat dissipation.

In all cases Monaco lasers will operate properly over a wide range of
operating temperatures, but for maximum power and pointing stability and
minimum pointing angle drift, the temperature of the base plate should
vary no more than ±1°C. The Monaco laser will shut down if the baseplate
temperature exceeds 33°C.

The conditions which generate the most heat in the Monaco laser head
are:

• Diodes ON

• Pulsing OFF

When heat is efficiently dissipated, it serves several purposes:
• Avoid over-temperature faults. The laser will automatically

shut down if the baseplate temperature exceeds 33°C. 

• Consistent pointing angle. The pointing angle of the laser
changes up to 25 microradians per °C change in the baseplate
temperature. Maximizing the baseplate temperature stability will
minimize temperature-induced pointing angle drift.
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• Enhanced power stability. Excessive changes in the laser
baseplate temperature will affect the power stability of the laser. 

I.2 Water Cooling

The Monaco laser has a closed-loop chiller as a standard part of the
system. 
1. Fill the chiller with Coherent recommended Coolflow IGE (available

from Hydratech1) at 28% volume mixed with distilled water for corro-
sion and algae control. Otherwise, the PH level becomes too aggres-
sive for the cooling circuit materials. Coolant supplied by Coherent is
always pre-mixed.

2. Check that the correct voltage plug is attached to the internal
connector (see “Monaco Connectors” (p. 27)).

3. The chiller coolant and filter must be changed every six months. A
warning message will be given when the service period is reached.
After the coolant and filter have been changed, the warning can be
removed by clicking on the “Timer” button on the Temperature tab of
the GUI (see Figure I-1), or enter the serial command CHSER-
VICED=1. 

NOTICE
To maintain performance of the Monaco laser system, the chiller
coolant must be changed every six months. Failure to do so may
cause damage that will void the laser’s warranty or service contract.

NOTICE
To avoid damage to the Monaco system, use ONLY distilled water in
the chiller’s closed loop system. DO NOT use facility tap or deionized
water.

NOTICE
To avoid damage to the Monaco system, do not use the chiller for any
equipment other than the Monaco laser. Galvanic corrosion will occur
if materials are incompatible. 

1.  https://hydratech-shop.co.uk/products/coolflow-ige
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NOTICE
To avoid damage to the Monaco system, ensure the chiller flow rate
remains constant while power is being supplied to the laser head
(even when the system is in the Standby state).

Figure I-1.  Chiller Coolant Warning Timer
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I.3 Chiller

Coherent provides a chiller to be used with the Monaco as described in
Table I-1. 

Table I-1.  Recommended Chillers

Product Part 
Number

HRR SMC Air to Water Chiller, 1200W
200-230V AC RoHS Compliant

1438737

HRR SMC Air to Water Chiller, 1200W
100-115V AC RoHS Compliant

1438735

HRR SMC Water to Water Chiller, 1200W
200-230V AC RoHS Compliant

1438738

HRR SMC Water to Water Chiller, 1200W
100-115V AC RoHS Compliant

1438736

Chiller Accessory Kit, includes all parts to operate any chiller 
above with the Monaco laser

1409675
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II Environmental Guidelines

II.1 Introduction

A very important contributing factor to the long-term operational reliability
of lasers such as the Monaco is to ensure that once it is installed in a tool,
it is operated in a suitably controlled and non-hostile environment. This
includes proper management of dust and debris from laser material
processing, VOC’s, airborne contaminants, ambient temperature,
humidity, vibrational shocks, backreflections, and electrical noise or RF
EMI that the laser may be exposed to.

Under certain circumstances where lasers may be operated in less than
ideal environments, like machine shops, air testing is recommended.

II.2 Airborne Contamination

Airborne contaminants such as dust or volatile organic compounds
(VOC’s) can be very harmful to lasers, beam delivery optics and sensitive
control electronics. The high intensity pulsed light from a laser such as the
Monaco can photo-chemically interact with airborne contaminants present
in the beam path, causing the formation of harmful deposits or films on the
laser’s output optics or the tool’s beam delivery optics. Over time,
depending on the severity of the contamination, this will reduce the
performance of the laser and degrade the optics and optical quality of the
delivered beam, negatively impacting applications. In addition, if
excessive dust or other material processing debris settles on the control
electronics, it could cause shorts or damage that would not be covered by
the warranty. 

Typically in a micromachining system the majority of the contaminants
come from the ablated material that is ejected from the work piece, but
sometimes dust, debris, or volatile chemicals may also come from “dirty”
outgassing assemblies in the machine system, an adjacent process, or
environment in the factory. Below are some guidelines for managing such
contamination.

NOTICE
Typically, the largest source of contaminants in a micromachining
system is debris ejected from the work piece. 
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Effective fume and debris extraction, together with proper purging of the 
optics, is critical to the long-term reliable operation of laser 
micromachining systems. Its importance should not be overlooked.

In general, suction positioned near the interaction zone at the work piece 
should be employed to minimize the amount of debris released into the 
environment and onto the workpiece. This technique works well with 
confined scan fields or fixed optics. However, it may not be suitable for 
scanning systems where the area can be too large to make capturing the 
ejected material with suction effective. In these cases positive air pressure 
through a nozzle close to the final beam delivery optic can be used to 
protect it from processing debris (a suitable collection fixture for the 
rejected debris will also be required). 

In addition, the use of beam tubes to enclose the entire beam path, and 
positive clean dry air pressure within these tubes, may be required to 
protect the optical system from processing debris and other contamination 
sources within the machine tool (such as airborne lubricants) and in the 
general ambient environment.

There are several important points to note in the design of beam tubes 
with positive air pressure:

• The beam tubing and opto-mechanics of the system should be very
clean and use non-outgassing materials. 

• Only qualified adhesives should be used, and these should be used
sparingly and thoroughly cured. 

• The beam enclosures must have adequate seals that can keep out
contaminants. Hermetic seals should be used if possible. 

• If positive pressure is utilized in the optical system, the effects of
airflow on the laser beam must be tested. Too much flow or turbulence
may cause beam pointing instability that may negatively impact the
process. 

• The cleanliness of the CDA purge gas is critical to the life of the laser
and optics in the system, so the system developer should explicitly
define this and advise the end user to supply high purity air that is dry
and free of contaminants.
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II.3 Temperature and Humidity

High performance lasers such as the Monaco are designed to operate
best in environments with limited temperature excursions and relatively
low humidity. Coherent recommends that end user facilities have heating
and air conditioning systems that maintain stable temperature and remove
excess moisture from the atmosphere to limit temperature swings and any
risk of damage to the laser from humidity. 

The laser should be mounted outside the work cell when possible, and
beam tubes used to convey the beam to the final work piece.

Most importantly, care must be taken to avoid condensation, since the
laser head contains the cooling pipes, headboard, diodes, and control
electronics and is not hermetically sealed, and thus is less protected from
humidity. If water vapor condenses it may collect on the electronic boards
and the risk of malfunction or damage is increased. This may result in
rusting, corrosion, short circuiting, electrical and electronic component
breakdowns, or premature deterioration of laser parts. 

The best way to prevent issues from condensation is to operate the laser
in a low humidity, air conditioned environment. Alternatively, the system
developer can fully enclose the laser system and employ temperature and
humidity control systems within the enclosure. Building/installing
enclosures that are large enough to permit airflow and are tightly sealed
from the outside environment can help reduce instances of condensation.

Relative humidity refers to the water vapor content in air at a specific
temperature. This is a ratio that is expressed as a percentage of the
maximum amount of water vapor that the air can hold without condensing.
In high relative humidity environments (>50%) leaving the chiller on when
the diodes are off could result in condensation forming on the laser’s
internal components, causing damage as mentioned above. To avoid this,
the user must maintain the laser head temperature above the dew point at
all times. 

Faults and warnings have been incorporated into the Monaco laser to alert
users of situations that could lead to condensation inside the electronic
compartment of the laser head. For example, warning #807 indicates
when the laser temperature is too low; faults #10 and #11 will also alert
when the laser temperature is out of range or too low, respectively. All
faults and warnings are accompanied by text describing the issue. For
more information, see Table 8-1, “Troubleshooting/Fault Messages,” on
page 122.
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II.4 Excessive Vibration

The Monaco contains motorized micro-positioning stages that are used to
optimize the cavity. Excessive mechanical shock or vibration while the
laser is in operation may cause unwanted displacement to the internal
optics mounted on these stages and induce fault messages, errors, or
performance problems. Severe shock or vibration may cause permanent
laser damage. Ideally the operating environment should be vibration free,
though not always practical. The user should ensure that the laser and
optical beam delivery are mounted to effectively isolate them from sources
of shock or vibration such as large fans, robots, motors, etc. to ensure
minimal disturbance to the system and laser.

II.5 EMI Sources

The ideal environment should be free of active electromagnetic
interference (EMI, also called RFI or radio frequency interference) sources
and passively immune to external disturbances.

The task of minimizing active sources is often easier than protecting
against interference. Common techniques to minimize EMI are line
filtering, power-supply design, proper layout, and shielding the enclosure.

Electrical disturbances can be conducted by the power lines or conveyed
through the air by magnetic field or electromagnetic radiation. Typically,
the interference conducted over signal lines connected to the equipment is
the most difficult to manage. In any case, one must balance between the
need to protect against damage or malfunction and the need to prevent
signal or data distortion. The first problem is handled with hardware
design, the second with software algorithms.

Consider these basic rules:

• EMI protection should be considered while designing equipment, not
added afterwards.

• Block disturbances as near to the source as possible, preferably
before they enter the equipment and redirect them to ground.

• As all sections, even electrically isolated sections, are susceptible to
EMI disturbance, EMI sources should be located as far as possible
from the equipment.

Coherent also recommends using the enhanced serial protocol (See
“Enhanced Serial Protocol” (p. 101)) for protecting against potential
electrical noise issues.
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III Packing Procedure

III.1 Introduction

The following packing method for the Monaco laser system is the factory
recommended procedure. This procedure must be followed if the laser
system is shipped to another location after initial installation or returned to
the factory for service. For a complete list of all items shipped with the
laser system, see Table III-1. 

NOTE: RMAs (returning to the factory for service) do not require anything
but the laser head to be shipped back.

Table III-1.  Monaco Crate Contentsa

1. Laser Head

2. Power Supply
Power Supply Keys, Qty 2
Power Supply Cable, US
Power Supply Cable, European

3. Accessory Kit
Screwdriver, 6mm Hex
USB Flash Drive (Operator’s Manual & Coherent GUI software)
HD BNC to BNC Plug Adapter, Qty 2
Extended Interface Defeat Plug
External Interlock Defeat Plug
Quick Disconnect Fittings, Body/Insert
Hose Clamp, Qty 2
CoolFlow DTX Coolant
Chiller Filter
Final Test Data Sheets

4. Integration Kit
Power Supply Cable
USB Cable
DB9 Cable, Chiller to Laser Head
HD BNC to BNC Plug Adapter, Qty 3
Rubber Hose, Blue, 10 Feet
Rubber Hose, Red, 10 Feet
Quick Disconnect Fittings, Body/Insert
Hose Clamp, Qty 2

5. Mounting Plate
Screws, Hex Socket, M4 x 8mm, Qty 8
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III.2 Packing the System

Use the following procedure to pack the laser system:

WARNING!
Drain all residual water from the laser head and purge with dry air
prior to packing for shipment.

1. Using the factory-provided quick couplings, drain all coolant from the
laser head.   

2. Place the head into the provided Zip-Loc bag before placing the head
into the crate. This is to protect the laser head from contamination
during the shipping process. 

NOTICE
Be careful not to tear the bag during insertion.

a.May vary by customer requirements

Figure III-1.  Quick Couplings
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3. Bagging the head can be done on a sturdy flat table by lifting up one
end and, placing the bag around that end and then lifting the other end
to finish the insertion (see Figure III-2). This is an iterative process.
Optionally, use a lift and place the bag around the laser head. Set the
laser down on the sturdy, flat table and then zip it up. Either way we
recommend using two persons MINIMUM as the laser head is heavy. 

4. Use the crate in which the Monaco arrived, or obtain the Monaco
Head Crate (part number 1319323 see Figure III-3) The crate dimen-
sions are 29 x 52 x 37 inches, and the approximate crated weight will
be 300 lbs.

5. Remove clips and set aside. Remove crate top and all foam except
the bottom foam seat assembly (see Figure III-4). 

6. Carefully place the bagged laser head into the shipping crate in the
proper orientation and into the bottom foam seat (see Figure III-5).
The foam block (shown in light pink in Figure III-5) must be in place
unless the laser head has an optional attachment installed.

Figure III-2.  Bagging the Laser Head
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7. Place accessory foam section over the laser head. The cutout orien-
tation must match the bottom foam seat. Push down so that the

Figure III-3.  Monaco Crate

Figure III-4.  Crate/Bottom Foam Seat
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accessory foam section is fully seated on top of the laser head (see
Figure III-6). 

8. Install the top foam section as shown in Figure III-7. 

Figure III-5.  Placing the Laser in the Bottom Foam Seat (shown without bag)

Figure III-6.  Accessories Foam Insert
169



Monaco Operator’s Manual

S
W
T
O

9. Install the crate cover and secure it to the crate using two wire clips
on each side of the crate and one each on the ends as shown in
Figure III-8. 

Figure III-7.  Top Foam

Figure III-8.  Crate Cover

hown
ithout Bag

o Reference
rientation

Foam Block
Inserted
(Unless Laser
Has Option)

Hose End
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NOTICE
To prevent damage, the shipping container must post the warnings
shown in Figure III-9 below. 

10. See Figure III-9 for the crate orientation and shipping container warn-
ings.

11. Coherent recommends installing a purple 37G shock watch on each
long side of the crate and a tip-tilt (Tip-N-Tell or equivalent) sensor on
one side of the crate before shipping. See Figure III-10. 

12. Notify the shipper that the crate contents are fragile, sensitive to
shock and moisture, and must be shipped upright.

Figure III-9.  Shipping Container Warning
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Figure III-10.  Recommended Label Positions and 37G Shockwatch Label (2 EA)
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IV Parts List 

Table IV-1.  Parts List

Description Coherent
Part Number

Monaco Operator’s Manual 1297688

Mounting Plate 1303793

Screwdriver, 6mm Hex (for use with Mounting Plate) 1319164

Extended Interface Defeat Plug 1284954

External Interlock Defeat Plug 1295564

Cables:
Power Supply Cable
SMC Chiller Cable
AC Power Cable
HD BNC to BNC Plug Adapter

1259980
1376872
1110736
1270800

Desiccant, 3.5"L x 1.75" W x 1.0" T Pack 1285564

Power Supply Key, Set of Two 1116159

Integration Kit, Monaco (includes hoses, fittings, and cables) 1303784

Table IV-2.  Required Chiller/Coolant/Filter

Product Part Number

HRR SMC Air to Water Chiller Kit, 1200W 200-230V AC 60 Hz
HRR SMC Water to Water Chiller Kit, 1200W 200-230V AC 60 Hz
HRR SMC Air to Water Chiller Kit, 1200W 100-115V AC 60 Hz
HRR SMC Water to Water Chiller Kit, 1200W 100-115V AC 60 Hz
HRR SMC Air to Water Chiller Kit, 950W, 200-230V AC 50 Hz

1446051
1446052
1446050
1446049
2256356

Coolant, Premix CoolFlow IGE 28%/Distilled Water 72% 2237218

Particle Filter, SMC Chiller 2211817

Chiller Desiccant Pack 1285564

Chiller Water Fittings Kit 1407747

Chiller Commissioning Kit (contains all parts to pair any chiller above with laser) 1424721

Chiller Hose Kit, 10m length 1439703

10m SMC Chiller Kit, contains 10m long cable and hoses 1439704
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V Accessories

Shop.coherent is the official e-commerce website for lasers, energy 
meters and sensors, fiber optics, and accessories. Available for US 
customers, the e-commerce service offers product search, product-
specific filtering, and fast-and-easy checkout with prompt order and 
shipping confirmations. Visit Shop.coherent.com and use the coupon code 
FREESHIP for free shipping on all of your orders!

V.1 Power Meters and Sensors

Coherent offers a variety of instruments for laser test and measurement.
For additional detailed information, including product selection guides,
please visit our web site at www.Coherent.com.

For the most common diagnostics, Coherent recommends the LabMax-
TO™ power meter with a PM150X or LM-200 HTD power sensor to
measure the output of the Monaco Laser.

V.1.1 Coherent Recommendation

Below is a product combination covering the 0.19 µm to 11 µm
wavelength range for all Monaco Laser power levels. The power meter is
a versatile, easy to use digital meter designed for field service and
production applications. The power sensors are air-cooled, surface
absorbing and intended for low to medium Pulsed and CW powers
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LabMax-TO Power Meter
Part Number 1104619

PM150X Power Sensor (up to 150 Watts)
Part Number 0012-1330

Figure V-1.  Power Meter
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VI Compliance

VI.1 Electromagnetic Compatibility

The European requirements for Electromagnetic Compliance (EMC) are
specified in the EMC Directive (published in 2014/30/EU).

Class A:
Conformance (EMC) concerning emission and immunity is achieved
through compliance with the harmonized standard EN 61326-1:2013
(Electrical Requirement for Measurement, Control and Laboratory) for
Class A.

Class B:
Conformance to the EMC requirements is achieved through compliance
with the harmonized standards EN55011:2009 for emission and
ENC61000-6-2:2005 for immunity.

The laser meets the emission requirements for Class A, Group 1 as
specified in EN55011:2009.

Compliance of this laser with the EMC requirements is certified by the CE
mark.

VI.2 Environmental Compliance

This section describes compliance with various environmental regulatory
directives to identify hazardous substances.

VI.2.1 RoHS Compliance

The European Union RoHS Directive EN 50581:2012 restricts the use of
certain hazardous substances in electrical and electronic equipment.
Coherent is in compliance with this Directive and can provide RoHS
certification upon request. Compliance of this laser with the EMC
requirements is certified by the CE mark. 
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VI.2.2 China RoHS Compliance

 (Restriction of Hazardous Substances) Regulation SJ/T 11364-2014.

This Regulation restricts the use of certain hazardous substances in
electrical and electronic equipment. The China RoHS Regulation applies
to the production, sale, and import of products into the Peoples Republic
of China.

Any hazardous substances in the Monaco are listed on the label, shown
the example in Figure VI-1.

The table shows that Lead (Pb) may be found in components of the
Monaco The environmental-friendly use period is 20 years, indicated by
the number 20 inside the circle.

The China RoHS Regulation also requires that the date of manufacture be
identified (in Chinese characters) on the product label; see the example in
Figure VI-1. 
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Figure VI-1.  China-RoHS Compliant Components

China RoHS Substance Table for Laser Heads 

 

China RoHS Substance Table for Power Supplies and Controllers 

 

China RoHS Substance Table for Systems Products 
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VI.2.3 EU REACH

REACH (Registration, Evaluation, Authorization and Restriction of
Chemicals) is a European Union Commission (EUC) Regulation on
chemicals and their safe use (EC 1907/2006) entered into force on 01
June, 2007.

Coherent products are “articles” as defined in REACH Article 3(3) and do
not release substances under their normal use. Suppliers of articles must
provide recipients with information on Substances of Very High Concern
(SVHC) if those are present above a concentration limit of 0.1% on an
article level. As Coherent’s duty to communicate information on
substances in articles, the delivered product(s), based on Coherent’s
knowledge, may contain the listed chemical substance(s) included on the
REACH Candidate List at this link: https://edge.coherent.com/assets/pdf/
reach_article_33_statement.pdf

The current Candidate List of SVHCs can be found on the ECHA website
https://echa.europa.eu/home

Coherent will post information on SVHCs to our website as the information
becomes available and assures its customers that our products are in full
compliance the EU REACH requirement. For detailed information on
SVHC and Coherent products, please visit https://www.coherent.com/company/
environmental

VI.2.4 Waste Electrical and Electronic Equipment (WEEE, 2002)

The European Union Waste Electrical and Electronic Equipment (WEEE)
Directive (2012/19/EU) is represented by a crossed-out garbage container
label. The purpose of this directive is to minimize the disposal of WEEE as
unsorted municipal waste and to facilitate its separate collection.

The WEEE Directive applies to this product and any peripherals marked
with this symbol. Do not dispose of these products as unsorted municipal
waste. Contact the local distributor for procedures for recycling this
equipment.
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Compliance
VI.2.5 Battery Directive

The batteries used in this product are in compliance with the EU Directive
2006/66/EC (“EU Battery Directive”).

Dispose of batteries according to local regulations. Do not
dispose as normal waste. Consult your local waste authorities
for guidance.

Table VI-1.  Batteries Contained in this Product

Description Type

3V Memory Backup Coin Cell Lithium
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VII  Laser Safety

This laser safety section must be reviewed thoroughly prior to operating
the Monaco system. Safety instructions presented throughout this manual
must be followed carefully.

WARNING!
Use of controls or adjustments or performance of procedures other
than those specified herein may result in hazardous radiation expo-
sure.

VII.0.1 Optical Safety

Laser light, because of its optical qualities, poses safety hazards not
associated with light from conventional light sources. The safe use of
lasers requires all operators, and everyone near the laser system, to be
aware of the dangers involved. Users must be familiar with the instrument
and the properties of coherent, intense beams of light.

The safety precautions listed below are to be read and observed by
anyone working with or near the laser. At all times, ensure that all
personnel who operate, maintain or service the laser are protected from
accidental or unnecessary exposure to laser radiation exceeding the
accessible emission limits defined in the laser safety standards.

WARNING!
LASER RADIATION - AVOID EYE OR SKIN EXPOSURE TO DIRECT OR
SCATTERED RADIATION CLASS 4 LASER PRODUCT!

The greatest concern when using a laser is eye safety. In addition to the
main beam, there are often many smaller beams present at various
angles near the laser system. These beams are formed by specular
reflections of the main beam at polished surfaces such as lenses or
beamsplitters. While weaker than the main beam, such beams may still be
sufficiently intense to cause eye damage. 
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Laser beams are powerful enough to burn skin, clothing, or combustible
materials, even at some distance. They can ignite volatile substances
such as alcohol, gasoline, ether, and other solvents, and can damage
light-sensitive elements in video cameras, photomultipliers, and
photodiodes. The user is advised to follow the control measures below.

VII.0.1.1 Recommended Precautions and Guidelines

1. Observe all safety precautions in the preinstallation and operator’s
manuals.

2. Always wear appropriate eyewear for protection against the specific
wavelengths and laser energy being generated. See “Laser Safety
Eyewear” (p. 185) for additional information.

3. Avoid wearing watches, jewelry, or other objects that may reflect or
scatter the laser beam.

4. Stay aware of the laser beam path, particularly when external optics
are used to steer the beam.

5. Provide enclosures for beam paths whenever possible.

6. Use appropriate energy-absorbing targets for beam blocking.

7. Block the beam before applying tools such as Allen wrenches or ball
drivers to external optics.

8. Limit access to the laser to trained and qualified users who are
familiar with laser safety practices. When not in use, lasers should be
shut down completely and made off-limits to unauthorized personnel.

9. Terminate the laser beam with a light-absorbing material. Laser light
can remain collimated over long distances and therefore presents a
potential hazard if not confined. It is good practice to operate the laser
in an enclosed room.

10. Post laser warning signs in the area of the laser beam to alert those
present.

11. Exercise extreme caution when using solvents in the area of the laser.

12. Never look directly into the laser light source or at scattered laser light
from any reflective surface, even when wearing laser safety eyewear.
Never sight down the beam.

13. Set up the laser so that the beam height is either well below or well
above eye level.

14. Avoid direct exposure to the laser light. Laser beams can easily cause
flesh burns or ignite clothing.

15. Advise all those working with or near the laser of these precautions.
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16. The short pulse width and high pulse energy can increase the chance
of photo-deposits on optics. It is recommended that users clean and
check any optics used in conjunction with the system every week.

VII.0.1.2 Laser Safety Eyewear

Always wear appropriate laser safety eyewear for protection against the
specific wavelengths and laser energy being generated. The appropriate
eye protection can be calculated as defined in the “EN 207 Personal eye
protection equipment - Filters and eye-protectors against laser radiation
(laser eye-protectors)”, in other national or international standards (e.g.
ANSI, ACGIH, or OSHA) or as defined in national safety requirements.

CAUTION!
Laser safety eyewear protects the user from accidental exposure to
laser radiation by blocking light at the laser wavelengths. However,
laser safety eyewear may also prevent the operator from seeing the
beam or the beam spot. Exercise extreme caution even while wearing
safety glasses.

VII.0.2 Electrical Safety

The Monaco uses AC and DC voltages. 

DO NOT disassemble the enclosure. There are no user serviceable
components in the controller or laser head. All units are designed to be
operated as assembled. The Warranty will be voided if the laser head,
the controller, or the cable is disassembled.

DANGER!
Normal operation of the Monaco should not require access to the
power supply circuitry. Removing the power supply cover will expose
the user to potentially lethal electrical hazards. Contact an authorized
service representative before attempting to correct any problem with
the power supply.

VII.0.2.1 Recommended Precautions and Guidelines

The following precautions must be observed by everyone when working
with potentially hazardous electrical circuitry:
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DANGER!
When working with electrical power systems, the rules for electrical
safety must be strictly followed. Failure to do so could result in the
exposure to lethal levels of electricity.

1. Disconnect main power lines before working on any electrical equip-
ment when it is not necessary for the equipment to be operating.

2. Do not short or ground the power supply output. Protection against
possible hazards requires proper connection of the ground terminal
on the power cable, and an adequate external ground. Check these
connections at the time of installation, and periodically thereafter.

3. Never work on electrical equipment unless there is another person
nearby who is familiar with the operation and hazards of the equip-
ment, and who is competent to administer first aid.

4. When possible, keep one hand away from the equipment to reduce
the danger of current flowing through the body if a live circuit is
touched accidentally.

5. Always use approved, insulated tools.

6. Special measurement techniques are required for this system. A tech-
nician who has a complete understanding of the system operation and
associated electronics must select ground references.
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VII.1 Safety Features and Compliance with Government 
Requirements

The following features are incorporated into the instrument to conform to
several government requirements:

United States of America:
The applicable United States Government requirements are contained in
21 CFR, Subchapter J, Part 1040 administered by the Center for Devices
and Radiological Health (CDRH).

Europe:
The European Community requirements for product safety are specified in
the Low Voltage Directive (LVD) (published in 2014/35/EU). The Low
Voltage Directive requires that lasers comply with the standard EN 61010-
1/IEC 61010-1 “Safety Requirements For Electrical Equipment For
Measurement, Control and Laboratory Use” and IEC 60825-1 “Safety of
Laser Products”. Compliance of this laser with the European requirements
is certified by the CE mark.

VII.1.1 Laser Classification

Governmental standards and requirements specify that the laser must be
classified according to the output power or energy and the laser
wavelength. The Monaco is classified as CDRH Class IV and IEC 60825-
1, Class 4  based on 21 CFR, Subchapter J, Part 1040, section 1040.10
(c) and IEC 60825-1:2014, Clause 4 respectively. In this manual, the
classification will be referred to as Class 4.

VII.1.2 Protective Housing

The laser head is enclosed in a protective housing that prevents human
access to radiation in excess of the limits of Class radiation as specified in
the 21CFR, Part 1040 Section 1040.10 (f)(1) and IEC 60825-1 Clause 6.2
except for the output beam, which is Class 4.
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WARNING! 
There are NO serviceable items in the laser head or power supply
except those shown in the desiccant replacement procedure. Any
opening to break the sealing of the laser head or power supply is not
permitted. Do not remove any item from the protective housing except
those shown in the desiccant replacement procedure. Opening or
breaking the laser head sealing, except as specified in the desiccant
replacement procedure, will void the manufacturer’s warranty. 

VII.1.3 Remote Interlock Connector

The Monaco system is equipped with an external interlock connector on
the rear panel of the power supply. The terminals of this connector must
be electrically joined for the laser to operate [CFR 1040.10 (f)(3)/
IEC 60825-1, Clause 6.4].

VII.1.4 Key Control

Operation of the Monaco requires that the power supply keyswitch be in
the ON position. The key is removable and the system cannot be operated
when the key is removed [CFR 1040.10 (f)(4)/IEC 60825-1, Clause 6.6].

VII.1.5 Laser Radiation Emission Indicators

The LASER EMISSION indicators on both the power supply and the laser
head illuminate approximately 30 seconds before laser emission can
occur. The indicators are visible without exposing the operator to laser
emission. Amber lights are used which are visible while wearing the
proper type of safety glasses [CFR 1040.10(f)(5)/ IEC 60825-1, Clause
6.7].

VII.1.6 Beam Attenuator

An internal shutter prevents exposure to all laser radiation without
removing power from the system [CFR 1040.10 (f)(6)/IEC 60825-1,
Clause 6.8]. 
188



Laser Safety
VII.1.7 Operating Controls

The laser controls are positioned so that the operator is not exposed to
laser emission while manipulating the controls [CFR 1040.10(f)(7)/
IEC 60825-1, Clause 6.9].

VII.1.8 Manual Reset Mechanism

Following an interlock fault or unexpected loss of electrical power, the
shutter automatically closes, the laser diodes turn off, and any internally
triggered pulsing is disabled. To resume operation clear the fault, turn on
the laser diodes, and enable pulsing through the laser’s USB, Ethernet, or
RS232 interface. The shutter can be reopened through the laser’s USB,
Ethernet, RS232, or I/O interface or by pressing the SHUTTER OPEN
button on the power supply front panel [CFR 1040.10(f)(10)/IEC 60825-1,
Clause 6.5].

WARNING!
Use of controls or adjustments or performance of procedures other
than those specified in the manual may result in hazardous radiation
exposure.

NOTICE
Use of the system in a manner other than that described herein may
impair the protection provided by the system.
189



Monaco Operator’s Manual
VII.2 X-Ray Radiation

Plasma X-ray radiation can be generated when exposing a target with
laser radiation of high peak intensity. The operator must check if and how
X-ray radiation can be produced with the present installation. Figure VII-1
shows an example of X-ray plasma emissions spectra observed in air
during the laser ablation of a molybdenum target with a target to detector
distance of 12 cm1 and two peak intensities around 1014 W/cm2. For
typical peak intensities of up to 1015 W/cm2 that can be generated with a
focused Monaco laser beam, the X-ray spectra will exhibit a peak at
around 3-5 keV, with the tail of the emission reaching photon energies of
up to 30 keV. 

WARNING!
If X-ray radiation is generated, it must be checked whether it is
subject to notification duty. If so, the regionally competent authority
must be informed. 

1. M.J. Wesolowski et al. IEEE Transactions on Nuclear Science, Vol. 64, No. 9, September 2017

Figure VII-1.  Measured X-ray Spectrum of Molybdenum for Different Peak Intensities of the Focused 
Beam1 (800 nm, 35 fs, 1 kHz)

Irradiance: 1.4 x 1014 W/cm2

Irradiance: 0.35 x 1014 W/cm2
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The peak intensity of the focused laser beam can be calculated using:

where P is the average laser power in W, f is the pulse repetition rate in
MHz, d is the focus spot diameter in µm, and Δt is the pulse duration in fs.
For example, for 100 W of laser power, at a repetition rate of 1 MHz, a
pulse duration of 300 fs, and a focus diameter of 20 µm, the peak intensity
is 2.12 x 1014 W/cm2. 

The biological effect of exposure of the human body to X-ray radiation is
referred to as Dose Equivalent H, given in millisieverts (mSv). The Dose
Equivalent H is defined by the absorbed X-ray energy in Joules per kg of
tissue times a dimensionless weighting factor that varies with the type of
tissue and describes the specific sensitivity of the tissue. One Sievert is
equal to 1 J of absorbed radiation per kg of tissue. Figure VII-2 shows
typical values for the Dose Equivalent H. The recommended annual upper
dose limit for the average person is 1 mSv. For occupations with X-ray
exposure, this limit is set to 50 mSv

The Dose Equivalent Rate dH/dt in mSv per hour at 0.2 m distance from a 
laser beam that is focused on a target with peak intensity I, pulse energy E 
and repetition rate f can to a good approximation be calculated using1:

where I is the peak intensity in W/cm2, λ is the laser wavelength in µm, E is 
the pulse energy in µJ and f is the repetition rate in kHz. This equation 
holds for peak intensities between 1013 and 1016 W/cm2. Figure VII-3 

Figure VII-2.  Dose Equivalents

Chest X-ray 0.02 mSv

Plane Flight from Los Angeles to New York 0.04 mSv

Annual Dose from Potassium in the Body 0.39 mSv

Annual Public Dose Limit 1 mSv

Annual Natural Radiation (Average) 2.4 mSv

Annual Occupational Dose Limit 50 mSv

1. R. Qui et al. Chinese C, Vol. 38, No. 12, 2014
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shows the X-ray dose equivalent per hour (in units of mSv/h) for various 
pulse energies and spot diameters of the Monaco laser with an assumed 
pulse duration of 300 fs, repetition rate of 400 kHz, and distance from the 
target of 0.2 m. The Dose Equivalent, H, is proportional to the repetition 
rate and pulse energy, and inversely proportional to the pulse duration and 
the square of the distance.

As a rule of thumb, the Dose Equivalent Rate should be kept below 1 µSv
per hour by using proper shielding between the laser focus and the
operator. Figure VII-4 shows X-ray absorption data for a variety of
materials. This information can be used to help determine barrier
effectiveness in shielding from X-rays generated. In general, the X-ray
photons below 3 keV are very strongly absorbed in air. The higher energy
photons, however, need to be blocked by metal or glass shields.
Figure VII-5 shows the X-ray spectrum with and without a 5mm glass view
port shield at T=4.6 keV. 

CAUTION!
It is recommended that a thickness of at least 5mm of glass, 10 mm of
aluminum, or 1 mm of steel be used to shield against X-rays in the
plasma spectrum typically emitted by the Monaco laser during laser
ablation.

1. X-Ray Absorption Calculator: https://web-docs.gsi.de/~stoe_exp/web_programs/x_ray_absorption/index.php

Figure VII-3.  Calculated Dose Equivalent for Monaco
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2. R. Qui et al. Chinese Physics C, Vol. 38, No. 12, 2014

Figure VII-4.  Calculated X-Ray Transmission for Various Materials1

Figure VII-5.  X-ray Spectrum With and Without 5 mm Glass Shield2
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VII.3 Back Reflection

In a properly designed laser application, the laser beam exits the beam
aperture and very little of the light is scattered or sent back into the laser
exit aperture.

NOTICE
Back reflection (also referred to as retroreflection) occurs when a part
of the laser beam is sent back into the laser’s exit aperture. Back
reflection can be caused by any object in front of the laser and may
result in instability, noise, and even damage to the laser.

The amount of back reflection that can be damaging varies from system to
system. Damage from back reflection can be immediate or subtle and
slowly decrease the service life of the laser. A laser that shows symptoms
—such as low output power, no output power, or high noise—indicates a
possibility of back reflection to the laser.

To prevent damage, reduce noise, and increase the life of a laser: 

• A quarter waveplate can be mounted at the output of the Monaco
laser. It is recommended users make use of a waveplate for polariza-
tion insensitive applications.

• Review the objects in front of the laser and identify what surfaces are
a possible hazard for back reflections. Change the objects to be less
reflective whenever possible. Adding Anti-Reflective (AR) coatings to
optics and more diffuse surfaces to mounts or beam shutters can
help.

• If possible, add an angle to the object so that the reflection does not
enter the laser exit aperture.

• Take precautions when moving objects that can create a back reflec-
tion in front of the laser.

• Decrease the risk from any possible back reflections by starting the
laser at lower output power—for example, <10% output power—to
identify and eliminate potential hazards.

• Using proper safety precautions, monitor where the reflections from
objects are returning to make sure the reflections are not at or near
the laser exit aperture. Always use the appropriate eyewear protec-
tion.

• Take precautions when using a laser power meter. Consider how
close the measurement is being taken to the laser and the angle at
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which the beam can reflect off the sensor so that it does not reflect
back into the laser.

• Add an optical isolator in front of the laser exit aperture for applica-
tions where significant back reflections cannot be corrected, particu-
larly when working with metal or reflective surfaces.

VII.4 Location of Safety Labels

Refer to Figure VII-6 for the descriptions and locations of all safety labels.
These include warning labels indicating removable or displaceable
protective housings, apertures through which laser radiation is emitted,
and labels of certification and identification [21 CFR § 1040.10(g),
21 CFR § 1010.2, and 21 CFR § 1010.3/ IEC 60825-1, Clause 7].
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Laser Head

Power Supply

Figure VII-6.  Safety Features and Labels (Sheet 1 of 3)
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1. aperture Warning

2.  Radiation Warning

3. Laser head Serial Number Identification

4. Caution MArk 

Figure VII-6.  Safety Features and Labels (Sheet 2 of 3)
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5. CE Certification

6. Voltage rating 

7. Radiation Warning

8. China RoHS

9. Power Supply Serial Number Identification

Figure VII-6.  Safety Features and Labels (Sheet 3 of 3)
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VII.5 Sources of Additional Information

The following are sources for additional information on laser safety
standards and safety equipment and training.

VII.5.1 Laser Safety Standard

American National Standard for Safe Use of Lasers
ANSI Z136 Series
American National Standards Institute (ANSI)
www.ansi.org

Performance standards for light-emitting products
21 CFR Title 21 Chapter 1, Subchapter J, Part 1040
U.S. Food and Drug Administration
www.fda.gov

VII.5.2 Publications and Guidelines

Safety of laser products - Part 1: Equipment classif ication and
requirements
IEC 60825-1

Safety of laser products - Part 14: A user’s guide
IEC 60825-1

Safety Requirements For Electrical Equipment For Measurement, Control
and Laboratory Use
IEC 61010-1 / EN 61010-1

International Electrotechnical Commission (IEC)
www.iec.ch

Safety of laser products - Part 1: Equipment classif ication and
requirements
BS EN 60825-1
British Standard Institute
www.bsigroup.com

A Guide for Control of Laser Hazards
American Conference of Governmental
and Industrial Hygienists (ACGIH)
www.acgih.org

Laser Safety Guide
Laser Institute of America
www.lia.org
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VII.5.3 Equipment and Training

Coherent Web Site
Laser Safety Page, Laser Safety Awareness Training Video
www.coherent.com

Laser Focus Buyer’s Guide
Laser Focus World
www.laserfocusworld.com

Photonics Spectra Buyer’s Guide
Photonics Spectra
www.photonics.com
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VIII Warranty

Coherent, Inc. warrants Diode-Pumped Solid State laser systems to the
original purchaser (the Buyer) only, that the laser system, that is the
subject of this sale, (a) conforms to Coherent's published specifications
and (b) is free from defects in materials and workmanship.

Laser systems are warranted to conform to Coherent's published
specifications and to be free from defects in materials and workmanship
for a period of 12 months.

VIII.1 Responsibilities of the Buyer

The Buyer is responsible for providing the appropriate utilities and an
operating environment as outlined in the product literature. Damage to the
laser system caused by failure of Buyer's utilities or failure to maintain an
appropriate operating environment, is solely the responsibility of the Buyer
and is specifically excluded from any warranty, warranty extension, or
service agreement.

The Buyer is responsible for prompt notification to Coherent of any claims
made under warranty. In no event will Coherent be responsible for
warranty claims made later than seven (7) days after the expiration of
warranty.

VIII.2 Limitations of Warranty

The foregoing warranty shall not apply to defects resulting from any of the
following:

• Components and accessories manufactured by companies, other
than Coherent, which have separate warranties

• Improper or inadequate maintenance by the Buyer

• Buyer-supplied interfacing

• Operation outside the environmental specifications of the product

• Unauthorized modification or misuse
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• Improper site preparation and maintenance, or

• Opening the housing

Coherent assumes no responsibility for customer-supplied material. The
obligations of Coherent are limited to repairing or replacing, without
charge, equipment which proves to be defective during the warranty
period. Replacement sub-assemblies may contain reconditioned parts.
Repaired or replaced parts are warranted for the duration of the original
warranty period only. The warranty on parts purchased after expiration of
the system warranty is ninety (90) days. Coherent’s warranty does not
cover damage due to misuse, negligence or accidents, or damage due to
installations, repairs or adjustments not specifically authorized by
Coherent.

This warranty applies only to the original purchaser at the initial installation
point in the country of purchase, unless otherwise specified in the sales
contract. Warranty is transferable to another location or to another
customer only by special agreement which will include additional
inspection or installation at the new site. Coherent disclaims any
responsibility to provide product warranty, technical or service support to a
customer that acquires products from someone other than Coherent or an
authorized representative.

THIS  WARRANTY IS  EXCLUSIVE IN  L IEU OF ALL OTHER
WARRANTIES, WHETHER WRITTEN, ORAL OR IMPLIED, AND DOES
NOT COVER INCIDENTAL OR CONSEQUENTIAL LOSS. COHERENT
SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
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Glossary

°C Degrees centigrade or Celsius
°F Degrees Fahrenheit
W. Ohms
µm Micron(s) = (10-6)
µJ MicroJoule(s) = (10-6 Joules)
µrad Microradian(s) = (10-6 radians)
µs Microsecond(s) = (10-6 seconds)
µsec Microsecond(s) = (10-6 seconds)
1/e2 Beam diameter parameter

A Amperes
AC Alternating current
Amp Amperes

CDRH Center for Devices and Radiological Health
cm Centimeter(s)
CPU Central processing unit
CW Continuous wave (operating mode)

DAC Digital-to-analog converter
DC Direct current
DCE Data communications equipment

ESD Electro-static discharge

fs Femtoseconds = (10-15 seconds)
fsec Femtoseconds = (10-15 seconds)

gpm Gallons per minute

Hz Hertz or cycles per second (frequency) (= 1/pulse period)

I/O Input/output
IR Infrared (wavelength)

kg Kilogram(s) = 103 grams
kHz Kilohertz = (103 hertz) (1000 Hertz)
kV Kilovolt(s) = 103 volts
kohm Kilohm(s)

LCD Liquid crystal display
LD Laser diode
LED Light emitting diode

m Meter(s)
mA Milliamperes = 10-3 Amperes
mAmp Milliampere(s)
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mm Millimeter(s)
mrad Milliradian(s)
ms Millisecond(s)
msec Millisecond(s)
mV Millivolt(s)
mW Milliwatt(s)

nm Nanometers = (10-9 m) (wavelength)

OEM Original equipment manufacturer

PRF Pulse repetition frequency
ps Picoseconds = (10-12 seconds)
psec Picoseconds = (10-12 seconds)
psi Pounds per square inch

QS Q-switch

RF Radio frequency
RH Relative humidity
RMA Return material authorization
rms Root mean square
RXD Receive Data

TEM Transverse electromagnetic mode
TTL Transistor-to-Transistor Logic
TXD Transmit Data

UV Ultraviolet (wavelength at 355 nm)

V Volt(s)
VAC Volts, alternating current
VDC Volts, direct current

W Watt(s)
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B
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Beam attenuator 190
Key Control 190
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Gate 35
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Power Supply 36
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USB 27
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Cooling Fans 79
Cooling options

Water cooling 160

Crystal Shifter Function 76
Cycle the Power 140

D
Data Access Commands 116
Delimiters 103
Desiccant 175
Dimensions

Laser Head 41
Power Supply 42

Divided and Gated Mode 60
Divided Mode 60

E
ECHO mode 101
Electrical safety 187

Guidelines, recommended 187
Precautions, recommended 187

Electromagnetic Compliance (EMC) 179, 201
EMI Sources 166
Emission Indicator 79
Environmental compliance 179, 201
Environmental Guidelines 163
Ethernet 28
Ethernet Connection 91
EXT MOD Input 32
Extended Interface 29
External computer control
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Instruction 102

External Interlock Fault 143

F
Fast Interlock 31
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FF-Interlock 31

G
Gate Input 35
Gated Mode 62
GUI Tabs 84

H
Hardware setup 18
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Heartbeat Function 73
Humidity 165

I
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Installing the laser head 159
Instruction set 106
Instruction syntax 101
Interlock Connector 29
Interlock Fault 155
Interlocks 29

K
Key Control 190
Keyswitch 79
Keyswitch/Shutter Panel 84

L
Laser Does Not Start 132
Laser does not start 131
Laser head

Installation 159
Laser head description 11
Laser Head Dimensions 41
Laser Head Features 77
Laser Output Panel 85
Laser output unstable 135
Laser safety 9, 185

Equipment and training 202
Guidelines 201
Publications 201
Standards 201

Laser safety eyewear 187
Laser shuts down 137
Lockout Function 28
Low output power 133

M
Main Tab 84
Menu Tabs 84
Microburst Mode 59
Microsoft Components 38

O
Operating Modes 56
Operation

Burst Mode 60
Continuous Mode 58
Divided and Gated Mode 60
Divided Mode 60
Gated Mode 62
Initial Start-up Procedure 45
Microburst Mode 59
Operating Modes 56
Operating States 58
Process Burst and Divided Mode 60
Process Burst Mode 60

Optical safety 185
Eyewear, laser 187
Guidelines, recommended 186
Precautions, recommended 186
Viewing distance 187

P
Power Supply

AC Mains Power Cord 80
Power On/Off Switch 80
Power Supply Cable 80

Power Supply Cable 37
Power Supply Connector 36
Power Supply Dimensions 42
Power Supply Front Panel Controls and Indicators 79
Power Supply Rear Panel Controls and Indicators 80
Prime Chiller Pump 27
Process Burst and Divided Mode 60
Process Burst Mode 60
Prompt Menu 88
PROMPT mode 102
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Q
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R
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Recommended precautions and guidelines
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RS-232 Commands and Queries 106
RS-232 Connection 89
RS-232 Connector 27
RS-232 Interface Connection 106
RS-232 Port Configuration 91
RS-232 Port Description 91

S
Safety
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Electrical 187
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Seed laser description 12
SESAM 157
Settings Form 84
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Spatial Mode 14
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