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Introduction to this guide

Thank you for choosing the Advance Fortimo LED linear system.  
In this guide you will find the information you need to design 
this system into a luminaire. This edition covers the complete 
Advance Fortimo LED linear family: LED strip, LED square, LED 
line, LED LML SE, LED line high flux and InstantFit replaceable. 
We advise you to consult our website for a full portfolio overview 
and the latest information, www.signify.com/ledmodules.

How to determine which documents contain what information

In order to provide information in the best possible and consistent way, Advance’s product 
documentation includes the following.

•  Datasheet: detailed product specification.

•   Design-in guide: describes how to design-in and apply the products as a system into       
 a luminaire.

These documents can be found in the download section on the OEM website at  
www.signify.com/ledmodules. If you require any further information or support  
please consult your local Signify sales representative.

Figure 1. Advance Fortimo LED linear 

system building blocks.

Figure 2. Web page.
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Warnings and instructions
for LV products

When using an UL Class 2 driver, intended for low voltage (LV) products

Warning:
• Avoid touching live parts!
• Avoid touching any bare components on the PCB, e.g., LEDs!
• Do not use damaged LED modules! 

Safety warnings and installation instructions

To be followed during design-in and manufacturing.

Figure 3. Safety warning.

Design-in phase

• It is mandatory to use a UL Class 2/IEC compliant SELV driver in combination with the LED linear products.

• The general UL and IEC recommendations for luminaire design and legal safety regulations (ENEC, CE, ANSI, etc.) are also 
applicable to Advance Fortimo LED linear systems. Luminaire manufacturers are advised to conform to the international  
standards for luminaire design (e.g., UL1598, IEC 60598-Luminaires).

• It is advised to construct the luminaire in such a way that the LED module cannot be touched by an end-user, both in off 
state and when live.

• Do take into account the minimum required creepage and clearance distances.

• Do not apply mains power to the LED module directly.

• Connect all electrical components first before switching on mains.

• The LED module shall be powered by a LED driver UL 8750 certified.

• Avoid possibilities of water and dust ingress; use appropriate IP-rating of luminaire with regard to specific 
conditions of application.
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Manufacturing phase

• Do not use damaged or defective LED modules, including damaged connectors or PCB.

• Do not drop the LED module or let any object fall onto the LED module as this may damage the PCB or 
LEDs and affect proper functioning of the product.

• Do not bend or twist the LED module during handling as this may damage the PCB or LEDs and affect 
proper functioning of the product.

• Connect all electrical components first before switching on mains.

• Take ESD protection measures in your manufacturing environment.

Installation and service for luminaires incorporating the Fortimo LED 
linear system

• Do not service the luminaire when the mains voltage is connected; this includes connecting or
disconnecting the LED module cables.

• Do not use damaged products.

For optimal reliability of the LED module, we advise not to apply an AC electric strength test to the luminaire, 
as this might damage the LEDs. It is recommended instead to apply an insulation resistance measurement at 
500 VDC (noted as Dielectric voltage-withstand test in UL1598).

Signify design-in support

Design-in support is available. Please contact your Signify sales representative for information.

Warning: Risk of Increased LED Temperature due to LED Failure

In the event that the LED module (LV only) does not contain  
a fuse that protects individual LEDs against high currents in  
the event of failure, the OEM should take the following  
precautions in the luminaire system design in order to protect the 
system against any potentially unsafe conditions due to increased 
temperature:

THE OEM should not design the unfused LED module into an open 
luminaire system. Advance strongly recommends that ALL open 
luminaire systems incorporate a fuse to protect against high cur-
rents in the event of individual LED failure.  

The OEM should maintain a minimum safe distance between indi-
vidual LEDs and any flammable materials (e.g. diffusor).

If any materials are designed to be in direct contact with  
individual LEDs, the OEM should ensure that the material has  
an appropriate flammability rating in accordance with UL and 
IEC specifications.  

Advance recommends use of material with a flammability rating of 
V1 or V0 in case the material is closer than 13mm to the LED.

The OEM should design the system to protect against any  
contamination of the LEDs (e.g. dust). FAILURE TO FOLLOW THESE 
RECOMMENDATIONS MAY CAUSE AN UNSAFE  
CONDITION THAT COULD RESULT IN A FIRE HAZARD.
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Applications and luminaire classification

The Advance Fortimo LED linear system is the replacement for linear fluorescent lamps  
in general lighting. The system features a high level of energy efficiency, which surpasses 
T5 systems, enabling low total cost of ownership (TCO). It offers high-quality white  
light with excellent color rendering and color consistency, and, as part of the Fortimo 
promise, it comes with a limited five-year Signify system limited warranty. (See warranty 
details at www.signify.com/warranties.)

The Fortimo LED linear system consists of a range of modules, the Fortimo LED lines, LML 
SE, strips and square and the associated Xitanium LED drivers. The Advance LED linear 
module system overview is available with Signify sales representatives. Fortimo LED linear 
modules feature a variety of different dimensions, lumen packages and color temperatures. 
In this guide you will find the specific information required to develop a luminaire based 
on the Fortimo LED linear system. Product specific data can be found in the associated 
datasheet on www.signify.com/ledmodules.

Introduction to the  
Fortimo LED linear systems

Figure 6. LED line high flux LV2.

Figure 7. LML SE.

Figure 5. LED strip LV3.

How to use LED linear systems in outdoor luminaires  

Neither the Fortimo LED module nor the LED driver has an IP classification.  
If these products are used in luminaires for outdoor applications, it is up to 
the OEM to ensure proper protection of the luminaire. Please consult us if  
you wish to deviate from the design rules described in this guide.

Commercial naming of the Fortimo LED linear modules

The names of Fortimo LED linear are defined as shown in the example below.

Fortimo LED line 1 ft 1100 lm 840 3R LV3

Fortimo (FO) :  Our concept name for efficient, clear and reliable lighting

LED : The light source used

Line  :  Linear module (line, sq or strip)

1ft :  Length of LED module

1100lm :   1100 lumen output

840 :  8 denotes a color rendering  index of 80 (CRI divided by 10);  
40 stands for a CCT of 4000 K (CCT divided by 100)

3R :  Indicates the number of LED rows on a LED line, in this case 3

LV :   Low voltage; indication of compliance with UL Class 2 requirements 

3 :  Generation 3

Figure 4. LED line LV3.
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CCT and CRI symbols for identification of the Fortimo LED linear modules

The Fortimo LED linear modules may also use the printed symbols as noted in the following chart for CCT and 
CRI identification in addition to or in place of text also used for that purpose.

The range consists of 

Fortimo LED line

Designed to replace general fluorescent lighting in new luminaires, the Fortimo LED line system goes into the 
third generation with improved efficiency and the same Zhaga footprint.

Fortimo LED line high flux

The Fortimo LED line high flux system is ideal for installations at greater application heights where more 
light output is needed, such as high-bay. It was designed to withstand high ambient temperatures that are 
common to applications like industry or vapor tight fixtures.

Fortimo LED strip

The Fortimo LED strip system enables design of high-energy efficacy slim linear LED fixtures, which may not 
be possible with fluorescent lighting or the wider Fortimo LED line system.

Fortimo LED strip – variable length

The Advance Fortimo variable length LED modules are an extremely versatile adaptation of a full-length 
LED module by allowing for the LED module to be shortened to fit the module length requirements for a 
given application. The Advance Fortimo variable length LED module is made up of eight connected module 
sections making up a full-length module.  
The Advance Fortimo variable length LED module can be separated at any of the perforated lines at the end 
of each connecting module section to allow for the custom variable length needed for the application.  

NOTE: Only two LED modules can be produced from one full length variable length module as wire trap 
connectors are only located on the last module section on each end of the full-length module.

The separation method of the Advance Fortimo variable length LED modules can be found in the mechanical 
design-in section of this guide.

Fortimo LED strip high flux

The Fortimo LED strip high flux system is ideal for installations at greater application heights where more 
light output is needed. It is designed to be used in a controlled atmosphere indoor environment.



    9

Fortimo InstantFit replaceable

The Fortimo InstantFit system allows for field replacement of LED modules when end of life 
(EOL) occurs. This quick connect system consisting of a connector and Fortimo InstantFit 
LED modules also allows for faster initial luminaire construction in the manufacturing 
environment reducing complexity and labor costs. This system also allows for possible SKU 
reduction due to late stage system configuration in distribution or even at the customer 
site. No tools are intended to be required for installation or replacement of the Fortimo 
InstantFit LED modules (subject to luminaire manufacturing processes).

Fortimo InstantFit system replaceable components - connector

The connector used in conjunction with the Fortimo InstantFit LED module is being 
standardized by Zhaga as the connector to be used in conjunction with LED modules 
conforming to Zhaga Book 21. ANSI is also in the process of standardizing on this connector.

The polycarbonate connector is designed to provide a means of locating and securing a 
Fortimo InstantFit LED module ( LED module is defined by Zhaga Book 21). The connector has 
a keying feature (specified by the Zhaga Book 21 requirements) that allows for locating the 
Fortimo InstantFit LED module in the connector. This ensures that the Fortimo InstantFit 
LED module is installed precisely ensuring proper connections to the electrical contacts 
located on the bottom side of the Fortimo InstantFit LED module. The Fortimo InstantFit 
LED module is vertically inserted into the connector. The connector features a metal lever 
mechanism that rotates over the top of the Fortimo InstantFit LED module and locks it in 
place. The metal lever mechanism also incorporates a means to quickly disengage from the 
Fortimo InstantFit LED module for replacement of the Fortimo InstantFit LED module. Wiring 
to the connector is accomplished by insertion of the wires into push-in wire contacts. 

The connector has been designed such that it allows for maintaining continuous LED pitch 
for use with extended luminaire applications. 

The connector used in conjunction with the Fortimo InstantFit LED module is available from 
our complementary partners (BJB, etc.).

Fortimo InstantFit system replaceable components - LED module

The Fortimo InstantFit LED module has been designed to be in compliance with the 
requirements of Zhaga Book 21 which defines the various aspects of the Fortimo InstantFit 
LED module as pertains to compatibility with the connector. This means not only defining 
the mechanical dimensions of the Fortimo InstantFit LED module but also the mechanical 
placement of the electrical contacts on the Fortimo InstantFit LED module in order to 
provide the necessary contact between the Fortimo InstantFit LED module and connector.

Figure 8. Fortimo InstantFit system – 

connector and Fortimo InstantFit  

LED module.

Figure 9. Connector used in  

conjunction with the Fortimo  

InstantFit LED module.

Figure 10. Connector application – 

continuous LED pitch capability.

Figure 11. Fortimo InstantFit module.
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The Fortimo InstantFit LED module has been designed with an aluminum substrate which 
provides a flat surface and acts as a heatsink for the LEDs. The use of this material 
allows for extended thermal performance allowing for more lumen capability per Fortimo 
InstantFit LED module. The use of an aluminum substrate also is helpful in the mounting 
of the Fortimo InstantFit LED module into a luminaire providing a rigid platform for 
mechanically fixation. For more about the mechanical design into a luminaire of the Fortimo 
InstantFit LED module please refer to the Mechanical Design section further on in this 
design guide pertaining to replaceable modules.

Fortimo InstantFit module replaceability

The Fortimo InstantFit LED module is designed to be replaceable. LED modules are wear 
out devices and like their predecessor, the fluorescent lamp, will need to be replaced 
when end of life occurs. This may either be by partial or complete failure of the LED 
module or as part of a lumen maintenance program where all of the LED modules will be 
replaced at once. Standardization of the connector and Fortimo InstantFit LED module 
per the Zhaga and ANSI organizations will ensure that, in the future when the Fortimo 
InstantFit LED modules need to be replaced, a suitable replacement will be available. This 
is especially important as over time the progression in LED technology will allow for more 
efficient LEDs to be manufactured. The Fortimo InstantFit LED modules produced in the 
future will still meet the specifications for interoperability with the previous generation 
Fortimo InstantFit LED modules for producing the same lumen output for a specified drive 
current. This means as long as the drive current is unchanged, meaning the LED driver in 
the luminaire maintains the same output current, retrofitting the Fortimo InstantFit LED 
modules in the future will be a seamless process.

The Fortimo InstantFit LED modules are being designed for specific categories of 
flux/lumen output and maximum current capability. These specific categories are 
currently being defined by the Zhaga and ANSI organizations. This again will allow system 
compatibility in the future as Fortimo InstantFit LED modules will be available that are 
predefined and can be easily substituted for previous generation Fortimo InstantFit LED 
modules based on the original performance characteristics.

Figure 12. Fortimo InstantFit LED  

module - Top view with keying feature.

Figure 13. Fortimo InstantFit LED  

module - bottom view showing  

electrical contacts.

Figure 14. Fortimo InstantFit LED luminaire system example of complete assembly with 

connector, Fortimo InstantFit LED modules, and driver.
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Fortimo InstantFit module basic system assembly

The Fortimo InstantFit system installation is meant to be easily assembled The following pictures illustrate 
the connector assembly and the Fortimo InstantFit LED module insertion and fixation into the connector.

Note: It is important to minimize touching of the Fortimo InstantFit LED module LEDs and bottom side 
electrical connections with bare hands as the oils from your hands can contaminate the LED coatings and 
potentially decrease the contact of the electrical connections.

Note: The OEM is responsible for the remainder of the fixation points of the Fortimo InstantFit LED module 
in the luminaire other than that made by the connector. This can be accomplished by fabricating hold downs 
in the luminaire LED module mounting plate or using add-on clips or other means to retain the Fortimo 
InstantFit LED module. For more about the mechanical design into a luminaire of the Fortimo InstantFit 
LED module please refer to the Mechanical Design section further on in this design guide pertaining to 
replaceable modules.

Figure 15. Fortimo InstantFit module basic system assembly.

Connector is  
swung into cutout

LED module is 
inserted into 
connector

Connector is  
pressed into cutout

LED module 
fully seated  
into keyed 
position is  
pressed into 
cutout

Connector locks  
into place in cutout

Connector 
metal brackets 
lock LED 
module into 
place by 
pushing from 
the top

Wires are inserted into the 
bottom of the connector

Pushing the 
connector 
metal brackets 
from the sides 
releases the 
LED module  
for removal
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Fortimo LED white color tuning modules types

There are two separate Advance Fortimo LED modules types that have been created specifically for white 
color tuning applications. These consist of LED white color selectable modules that are intended for use 
with a single channel driver and LED white color tuning modules intended for use with a dual channel driver. 
Each of these white color tuning module types  explained below.

Fortimo LED white color tuning modules for use with single channel driver

Advance Fortimo LED Selectable White color tuning modules for use with a single channel driver have been 
designed to exhibit white color selection over a narrow range of  correlated color temperatures (CCTs) 
(e.g. 3000K – 3500K – 4000K). The construction of the LED white color selectable module consists of the 
inclusion of two sets of LEDs with different CCTs. These two different CCTs set the end limits for the CCT 
range and are arranged as two separate strings of LEDs placed alternately on the LED module. Limiting the 
CCT range allows fora simple implementation of the LED module with the use of a single channel Advance 
CertaDrive or Advance Xitanium LED driver. Two sets of connectors are needed (one for each string of LEDs) 
to make the LED wiring connections. An example of the wiring connections is shown in the diagrams below 
for the three possible CCT colors. Wire colors are only representative - other colors for the wires can be 
used.

Figure 16. Example of hard wired CCT color selection when using the Advance Fortimo LED Selectable White module
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The wiring diagrams, previously shown, indicated that a single driver connection is made to the LED module. 
This takes place during the luminaire manufacturing process where the fixture is hard wired to one of 
the three CCTs that are possible. It is also possible to make the selection of the CCT flexible by the use 
of a On-On-On DPDT switch as shown below. This would make possible the CCT selection just prior to 
installation and could also be used as a possible reduction of inventory for distributors. Examples of the 
wiring connections are shown in the diagrams below for the three possible CCT colors. Wire colors are only 
representative - other colors for the wires can be used.

Note: It is important to make sure that the switch used is make-before-break in order to prevent possible 
damage to the LED module from a driver output current surge in the event the system is powered when a 
CCT change is made.

It is important to realize that when both LED strings of the Advance Fortimo LED Selectable White color 
tuning modules are being supplied with power at the same time, a couple of notable things occur.

One thing that occurs is the efficiency of the center CCT (e.g. 3500K) will be better than the efficiency 
of the endpoint CCTs (e.g. 3000K and 4000K). This occurs because the current through each of the two 
LED string at the center CCT color is half of the current in a single LED string operating at one of the two 
endpoint CCT colors. This information is included in the datasheet for the Advance Fortimo LED Selectable 
White module chosen.

The second thing that occurs is the center CCT will not follow along the CCT black body line (Planckian locus 
on the CIE x, y chromaticity diagram). The relationship of the center CCT, to the two endpoint CCTs, is that 
it lies as a point on a linear line between the two endpoint CCTs. This means the center CCT point will always 
tend toward a slightly warmer color temperature. The color coordinates (CIEx, CIEy) information for the two 
endpoint CCts is included in the datasheet for the Advance Fortimo LED Selectable White module chosen.

Figure 17. Example of flexible CCT selection using an ON-ON-ON DPDT switch when using the Advance Fortimo LED Selectable White module
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Fortimo LED color tuning modules for use with dual channel driver

Advance Fortimo LED FlexTune white color tuning modules for use with a dual channel driver have been 
designed to exhibit white color tuning over a wide range of CCTs (e.g. 2700K - 6500K). The construction of 
the LED white color tuning module consists of the inclusion of two sets of LEDs with different CCTs. These two 
different CCTs set the end limits for the CCT range and are arranged as two separate strings of LEDs placed 
alternately on the LED module. This is the same as the arrangement for the narrow range white color tuning 
LED module used with the single channel driver. The difference with the wide range module is the need for 
a way to tune the module across the entire CCT range from one endpoint to the other while allowing for the 
selection of any chosen CCT in between. This requires a driver with two channels to precisely control the two 
separate LED strings independently. This type of control requires additional effort to either maintain the CCT 
as light levels change, or to maintain the light level as the CCT changes. In either case, advanced programming 
and processing of color tuning information is necessary. The Advance Xitanium SR FlexTune LED driver fulfills 
this requirement and has been designed to match the Advance Fortimo LED FlexTune white color tuning 
modules. The Advance Xitanium SR FlexTune LED driver has two sets of LED+ terminals provided for connection 
to the cool white positive (CW+) and warm white positive (WW+) terminals of the Advance Fortimo LED FlexTune 
module. These can be used interchangeably. There are also two terminals, LED cool white negative (CW-) and 
LED warm white negative (WW-), that are not interchangeable and must be connected to the corresponding 
CW- and WW- terminals of the Advance Fortimo LED FlexTune module. Example of the wiring connections for 
the Advance Fortimo LED FlexTune module and Advance Xitanium SR FlexTune LED driver are shown in the 
diagrams below. Wire colors are only representative - other colors for the wires can be used.

Figure 19. Example of FlexTune driver connector terminal diagram. 

Figure 18. Example of the wiring connections for the Advance Fortimo LED FlexTune module 
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It is important to realize that when both of the Advance Fortimo LED FlexTune module LED strings are being 
supplied with power at the same time, a couple of notable things occur.

One thing that occurs is the efficiency of any of the CCTs chosen between the two limiting endpoint 
CCTs (e.g. 2700K and 6500K) will be better than the efficiency of the endpoint CCTs . This efficiency will 
be maximized closer to the center of the CCT range where the current in each of the two LED strings is 
almost equal. This occurs because the current through each of the two LED string in the center CCT range 
is almost half of the current in a single LED string operating at one of the two endpoint CCT colors. This 
information is included in the datasheet for the Advance Fortimo LED LED FlexTune module chosen.

The second thing that occurs is any of the CCTs chosen between the two limiting endpoint CCTs (e.g. 2700K 
and 6500K) will not follow along the CCT black body curve (Planckian locus on the CIE x, y chromaticity 
diagram). The relationship of any of the chosen CCTs, between the two endpoint CCTs, is that it lies as a 
point on a linear line between the two endpoint CCTs. This means that any of the chosen CCTs, between 
the two endpoint CCTs, will always tend toward a slightly warmer color temperature. The color coordinates 
(CIEx, CIEy) information for the two endpoint CCts is included in the datasheet for the Advance Fortimo LED 
FlexTune module chosen.

The Advance Fortimo LED FlexTune module paired with the Advance Xitanium SR FlexTune LED driver 
creates a system that offers unparalleled flexibility for lighting projects needing CCT tuning capability. A 
more detailed explanation of the capabilities of this system and how it can precisely control color tuning 
is located in the Advance Xitanium SR FlexTune LED driver design-in guide found here: https://www.
na.mytechnology.portal.signify.com/dashboard/download-center.html? folderUUID=356f45db-7b68-4552-
86ed-39a65fc62f25#

On top of this broad range in standard settings and building blocks, the Fortimo LED linear portfolio 
provides the luminaire manufacturer with a high level of flexibility to differentiate a luminaire, design a 
specific luminaire performance or change settings of a luminaire in the factory, while using the same 
components.
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Cautions during storage and transportation when storing this product  
for a long time (more than one week)

•   Store in a dark place. Do not expose to direct sunlight.

•   For Fortimo LED linear modules, do maintain

  - temperature between -40 and +85  °C

  - relative humidity (RH) <85 %.

During transportation and storage for a short time

Maintain temperature below 100 °C at normal, non-condensing relative humidity.

Many of the Fortimo LED linear modules are either Zhaga certified or compliant.   
Please check the associated LED module datasheet for Zhaga details on    
www.signify.com/ledmodules.

Zhaga is an international organization that is enabling the interchangeability of LED light 
sources made by different manufacturers. The interface specifications for the products 
covered in this design-in guide designated in Book 7 can now be downloaded from the 
Zhaga website at www.zhagastandard.org/specifications.

Book 7 covers a variety of rectangular and linear LED modules with different dimensions 
and with separate electronic control gear that are intended primarily for use in indoor 
lighting applications. Book 7 modules are typically mounted directly into a luminaire by 
means of screws.

Zhaga
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Optical design-in
Optics on top of or near the LED linear modules 

Luminaire manufacturers have the freedom to design their own optics for beam shaping to maximize the 
lm/W efficiency of the system.

Additional fixation holes are provided in most LED linear modules in order to align electrical non-conductive 
optics onto the LED module. These are holes without a slit. To allow possible future changes, it is advised to 
take into account some additional room around the connector when designing optics directly onto the LED 
module.

Complementary partners for optics

Secondary optics are not part of the Fortimo LED linear system offering. This is an added-value area for 
OEMs, offering the possibility to differentiate. However, there are many companies offering, for example, 
reflectors, lenses or bulk diffusers that have a standard portfolio of compatible optics available, enabling 
quick and easy luminaire creation. Some of these are listed in the complementary partner section in our 
Fortimo LED System Quick Guide (available in print and digital) or at www.signify.com/ledmodules.

Reference to these products does not necessarily mean they are endorsed by Signify. Signify gives no 
warranties regarding these products and assumes no legal liability or responsibility for any loss or damage 
resulting from the use of the information given here.

Light distribution

Fortimo LED linear modules generate a Lambertian beam shape. See the light distribution diagram in the 
product datasheet.

The far field IES (or .ldt) files are available at www.signify.com/ledmodules.

Ray sets

Ray set files of the LED modules and of the individual LEDs are available for customer use and can be 
downloaded at www.signify.com/ledmodules.  

Figure 20. Light distribution.
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Ray-Set zip file typically contains

Software File Extension

ASAP .dis

Light Tools (ASCII) .ray

TracePro/Oslo (ASCII) .dat

Zemax .dat

Explanation & definitions .ppt

Solid 3D model .stp

Table 1. Ray-set zip file typically contains.

Color consistency (SDCM)

Color consistency refers to the spread in color points between modules. It is specified in SDCM (Standard 
Deviation of Color Matching) or MacAdam ellipses, which are identical. The value refers to the size of an 
ellipse around a point close to the black body locus.  Staying within this ellipse results in a consistency of 
light, which ensures that no color difference is perceivable between one LED module and another with the 
naked eye in most applications.

SDCM value in the datasheet represents an integrated measurement over the complete LED module.

Please be aware that in applications that are more sensitive for color differences (color consistency of <3 
SDCM), such as wall washers (<2 SDCM), we advise you to contact your local Advance sales representative 
or the Advance design-in team for expertise and support in luminaire design and evaluation.

Spectral light distribution

The typical spectral light distributions of Fortimo LED modules are shown in the respective datasheets on 
www.signify.com/ledmodules.

1

0.8

0.6

0.4

0.2

0
380    430      480      530      580       630      680      730      780

Relative intensity

Figure 21. Spectral light distribution.
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In this section you will find all of the product information needed to compose a   
configuration based on the Fortimo LED linear system.

A LED linear system typically consist of the following building blocks

•  Fortimo LED linear modules.

•   Advance Xitanium indoor linear LED driver.

•   Standard installation wire (solid core, not offered by Advance).

•   Optionally a resistor to set the output current (not offered by Advance).

•   Optionally MultiOne configurator software and hardware interface to program Simple  
 Set/DALI/programmable drivers (to be purchased separately from Advance).

How to design your typical LED linear system

With below steps we like to provide you with a starting point for designing your LED linear 
luminaire containing Fortimo LED linear modules, either coming from a conventional  lighting 
solution or starting from scratch.

1.   Identify the delivered lumens required from the luminaire.

2.  Determine any optical losses that may occur (fixture reflection, lens, etc.).

3. Identify the total lumens or lumen per length (lm/ft) requirement.

4. Select your preferred LED layout (how the LEDs are spread over the fixture body) from   
 the available portfolio.

5.  Select the module type best matching above requirements.

6.  Determine the amount of modules to use in your system.

7.  Determine the electrical specification of the defined system (Voltage [V], current [A]  
 and power [W]).

8. Find your best matching driver (power window, controllability).

9.  Set or program the drive current on the driver.

The upcoming sections will help you in more detail to understand how to come to the  
required answers on above steps.

Figure 22. Advance Xitanium indoor 

linear LED driver.

Figure 25. Fortimo LED linear modules.

Figure 26. Fortimo InstantFit module.

Figure 23. Resistor.

Figure 24. Wire core.

Compose your luminaire  
with LED linear
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Why replace fluorescent by smart LED building blocks 

Instead of replacing hundreds of unique ballast-/fluorescent-lamp-combinations, 
Advance has chosen to use smart configurable building blocks in its linear LED module 
portfolio. 

These are the Fortimo LED linear modules in combination with the Advance Xitanium 
window drivers – providing large flexibility with as few components as possible.

T5-HE/TL8

 650 Im/ft
T8 700 Im/ft
T5 HO 1000 and 1300 Im/ft

LED linear 700, 1100, 2000 lm/ft

Figure 28. Relation between fluorescent lumen and LED linear lumen.

Characteristics of these building blocks are:

•  Lengths mimic fluorescent lamps (1 ft & 2 ft blocks).

•   Driver dimensions mimic conventional ballasts.

•   Various LED layouts enabling glare and beam control.

•   Source flux levels of Fortimo linear LED modules mimic fluorescent equivalents.

By mimicking the mainstream fluorescent light output levels (amount of lumen per unit 
length [lm/ft]), three main levels of source flux were defined as depicted in Figure 18 
(700, 1100 and 2000 lm/ft). For reference please see table in Appendix A.

However, with the ability to select and set the drive current on the LED driver you are 
able to select a light output (lumen) different than the default or nominal value. This 
degree of freedom and flexibility is called tuning and will be explained in a later section.

Compose your LED  
luminaire with Fortimo  
LED linear systems

Figure 27. Conventional  fluorescent tube.
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In this section you will find all of the electrical design-in information needed to design your 
configuration based on the Fortimo LED linear system.

Short introduction to operating LEDs

A light-emitting diode (LED) is a semiconductor device. It is a p–n junction diode,  
which emits light when activated. When a suitable electrical current is applied to the  
leads and the forward voltage (Vf) is sufficient, electrons are able to recombine with 
electron holes within the device, releasing energy in the form of photons. This process  
is called electroluminescence and results in visible light. The amount of visible light  
emitted is called luminous flux or lumen [lm] and is proportional to the amount of  
current applied to the device. 

Reasons to set your drive current

Compared to fluorescent lighting, using an LED light source enables a high degree of 
freedom in tuning luminous flux of the system to the needs of the application. 

1. With a generation update, lumen per Watt (lm/W) will improve, hence the required   
 current to achieve its luminous flux (lm) will decrease resulting in a lower required   
 drive current.

2. Opposite to lamps, LED modules allow composition of various light sources into a  
 system, comprising from one to many LED modules in that system. Different  
 combinations require different currents and voltages.

3. Changing the drive current of the system (hence its LEDs) will enable tuning in to a   
 desired light output other than the nominal flux specified at the nominal drive current.

Figure 29. SimpleSet driver with 

programming wand.

How to convert to your preferred LED linear solution 

This section is to help you find your preferred LED linear system solution, starting from   
your legacy fluorescent system. Please find conversion examples in Appendix B at the  
end of this document.

Fluorescent Light Situation LED Linear Module Consideration

1a T5-HE / TL8 700 lm/ft

1b T5-HO 1100 lm/ft

1c PL-L 2000 lm/ft

2a Open luminaire LV system (ease of design-in)

3a Beam shaping Narrow LED layout

3b Glare & luminance  control Wide LED layout

Table 2. Conversion help from fluorescent situation to LED linear system.
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Xitanium indoor linear LED drivers

For detailed information, please refer to the design-in guide for Advance Xitanium indoor 
linear LED drivers and the associated driver’s datasheet on www.signify.com/leddrivers.

Xitanium driver operating window

LED technology is rapidly evolving. Using more efficient LEDs in a next generation means 
the same light output can be achieved with less power with reduced drive currents. At 
the same time, LEDs can be driven at different drive currents based on the application 
requirement. Typically, LED drivers are available in discrete current levels, e.g., 350 mA, 
500 mA or 700 mA. It is often necessary to replace a driver when more efficient LEDs or 
different LED modules become available.

One of the key features of the Xitanium LED drivers is the adjustable output current 
(AOC), offering flexibility, differentiation for the OEM and future-proof luminaire design. 
The Xitanium drivers can operate in a so-called “operating window.” See Figure 16. This 
power window is defined by the maximum and minimum voltage (V), current (A) and 
power (W) that the driver can handle. The area indicates the possible current/voltage 
combinations. The current you select will depend on the type and manufacturer of the 
LEDs, the specific LED configuration of the PCB design and the desired output (lm) 
per LED.

The voltage required is the sum of the LEDs used (total Vf string). Within the driver 
window’s range the driver will adapt to the voltage requirement. Both the operating 
window and default current setting of every driver can be found in the datasheets in the 
download section on www.signify.com/leddrivers. Further information regarding the 
application and use of AOC and other driver features can be found in the design-in guides 
for LED drivers. These can be found at www.signify.com/leddrivers.

System configurations with LED linear

As the default current of the drivers does not necessarily match your system drive 
current requirement, please be sure to check and set the current on the driver, e.g., by 
means of current measurement. When configuring the system with the Advance Xitanium 
LED drivers and Fortimo LED modules, the selected driver operating point needs to be 
within the driver operating window. In case of questions, contact your local Advance 
sales representative or the Advance design-in team.

For more information on programming these drivers, please check the SimpleSet  
design-in guide at www.signify.com/simpleset.

How to determine what value the output current should be set at will be explained in the 
upcoming sections.

Electrical design-in

Figure 30. Driver operating window.

Example of a driver operating window: 

1. Required set point for the LED solution. 

2. Current can be set to needs  

 within range.   

3. Driver adapts to required voltage   

 within range.   

4. Driver minimum power limit to guard  

 driver performance.   

5. Driver maximum power limit to guard  

 driver performance.

Note: Power (W) = Voltage (V)  

  x Current (A).   

Note: By means of dimming, it is possible  

  to go below the minimum value of  

  the specified  output current.
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Insulation safety indicated by working voltage

UL defines the working voltage as the highest voltage that may occur across any insulation of the module 
without compromising the safety of the module. Any driver with an open load/circuit voltage below the 
working voltage (60V DC in case of UL Class 2) of the module can be safely used in combination with the 
module. 

How to select an appropriate driver

For a full overview of available LED driver-module combinations at nominal LED module drive conditions, 
please refer to the Linear System Overview, which can be found in the download section at www.signify.
com/ledmodules, as can the datasheets associated with the drivers you intend to use.

Depending on your requirements, several drivers may be a solution for you. The following steps can help you 
select the preferred driver in the event you wish to deviate from the nominal LED module drive conditions.

1.  Determine your required drive current (Idrive) and voltage (Vf) based on the number of LED modules per 
LED driver and individual LED module specification in the datasheet.

2. Calculate required power via: Pdrive (W) = Vf (V) x Idrive (A).

3. Determine which driver you do need; collect the associated driver datasheets from the website.

4. Does required current fit current range of driver?
 - Idriver minimum ≤ Idrive ≤ Idriver maximum?

5. Does required voltage fit voltage range of driver?
 - Vdriver minimum ≤ Vf ≤ Vdriver maximum?

6. Does required power fit power range of driver?
 - Pdriver minimum ≤ Pdrive ≤ Pdriver maximum?

7.  Choose your type of dimming (Dali, 0-10V, step dim, phase dimming or non-dimmable).

Power [W] = Voltage [V] x Current [A]



24 Advance

How to Configure an LV system

Class 2 systems use LV LED modules connected to a UL Class LED driver. LV products make a parallel system. 
Adding an LED module requires a higher current.

1. Determine the operating current for the desired flux per LED module, using the LED module datasheet. 
Make sure the operating current does not exceed the specified value for lifetime (Ilife).

2.  The required drive current of the driver is the sum of the current required per LED module.

3.  Check whether the resulting total current is within the driver’s current range. If the current is too low, 
you can decide to select a driver with a lower output power. If the current is too high for the selected 
driver, a driver with a higher output power may provide a solution.

4.  Connecting too many LV LED modules in a single chain may lead to flux imbalance. Check the advised 
maximum number of LED modules per chain in the associated LED module datasheet. If the number of LED 
modules in your system exceeds the specified maximum value, it is advised to create a second chain.

Figure 31. Schematic representation of the wiring of two connected LV LED modules in an LV system, not needing a return-end cable. 

Note: 
That the number of LED modules per chain does not have to be the same for all chains since all LED modules 
are electrically connected in parallel.

Some linear drivers come with a duplicate – parallel – output, having 2x “+” and 2x “-” in parallel at the driver 
output. This means for the 2-chain layout the second chain can be connected either to the “+” and “-” of the 
first chain or connected to the second set “+” and “-” of the driver.

LV products do not have to be terminated with a return-end connection.

Idrive = Inom [A] x  # modules
Required drive current equals nominal current of one LED module 

times number of LED modules.
Vdrive = Vf [V]

Required drive voltage equals forward voltage of one LED module.

+                       +

INOUT OUT

-                       -

+                       +

-                       -LV LED module LV LED module

IN
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Figure 32. Chain of LED modules.

The LED Linear System Overview is a matrix of LED drivers and linear LED modules released as a system. 
It shows how many Fortimo LED modules operating at nominal current can be used in combination with a 
specific Xitanium LED driver. This document gets frequently updated and can be downloaded at 
www.signify.com/oemna. 

How to mix different models of LED modules

Please note that although LED modules of different models can be connected to one another, only modules 
of the same type (lm/ft & xR & LV) but different length can be mixed. These combinations are also indicated 
in the datasheet (www.signify.com/ledmodules) and are considered a released Fortimo LED linear system. 
An example is noted below detailing a 5 ft length system composed of 1 ft 1100 lm 1R LV and 2 ft 2200 lm 1R 
LV LED modules.

What value does the drive current need to be then?

Building a chain of LED modules leads to a derived value for the drive current, as explained in the previous 
section on how to configure an LED system. To illustrate this please follow the next example.

1. Each module has a requirement for the current linked to the amount of LEDs (2 ft has twice the amount 
of LEDs as the 1 ft). You simply sum up the currents required per LED module, shown in the drawing below.

   •  5x current for 1 ft, equals.

   •  1x current for 1 ft + 2x current for 2 ft, equals.

   •  3x current for 1 ft + 1x current for 2 ft.

LV system
1 chain (1C) UL Class 2 LED driver

-LV LED module-

In                     Out

+                         +

+                         +

+                         + +                         +

+                         + +                         +

In                     Out

In                     Out In                     Out

In                     Out In                     Out

-LV LED module-

-LV LED module- -LV LED module-

-LV LED module- -LV LED module-

UL Class 2 LED driver

Reason is sum of
track resistance

LV system
2 chain (2C

Chain 1 different 
length as Chain 2

= OK

+

-

+

-
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Note: 
It is strongly advised to use all LED modules from the same bin to prevent flux imbalance.   
For more on binning, see “Binning” in section “Tips for assembly and installation.”

Figure 33. Chain of LED modules.

Use different LED module generations

When considering mixing LED linear modules of different generations in the same system,  
use caution. On one driver (making a system), mixing should not be done. The reason is,  
besides possible interface differences, the different generations have different operation 
points. Mixing the different generations on one driver would lead to a flux imbalance.

Whole lumen range covered with 3 building blocks

“I need 1200 lm/ft. That is not in the portfolio. Can I order these at Signify?”
“I am designing for even higher efficacy. Can I achieve that with Signify?”

Yes you can!

By means of tuning the drive current for the LED modules, you are able to do this. With only 
three lumen packages (building blocks 700, 1100 and 2000 lm/ft) the fluorescent tube lumen 
range is covered.

 

-1 ft LED board -

-1 ft LED board -

-                     2 ft LED board                   -

-                     2 ft LED board                   -

-                     2 ft LED board                   -

-                     2 ft LED board                   -

-                     2 ft LED board                   -

-1 ft LED board -

-1 ft LED board -

-1 ft LED board -

-1 ft LED board -

-1 ft LED board - -1 ft LED board -

-1 ft LED board -

-1 ft LED board -

In                     Out

In                     Out

In                     Out

In                     Out

In                     Out

In                                                             Out

In                                                             Out

In                                                             OutIn                                                             Out

In                                                             Out

In                     Out In                     Out In                     Out

In                     Out

In                     Out

+                         +

+                         +

+                                                             +

+                                                             + +                                                             +

+                                                             +

+                                                             +

+                         +

+                         +

+                         +

+                         +

+                         + +                         +

+                         +

+                         +

5x 1 ft

 

 (2x 2 ft) + (1x 1 ft)

 

(2x 1 ft) + (1x 2 ft) + (1x 1 ft)

 

(1x 2 ft) + (1 x 1 ft) + (1x 2 ft)

Figure 34. LED line current (A).   

Example of tuning flux and efficacy by 

altering the drive current. For specific 

details please check the associated 

datasheet of the LED module you  

are using.

Example for a given LED module, keeping

Tc constant,

 • doubling of the drive current (mA)

 • leads approximately to a doubling of  

  the flux

 • and cost you only 10% efficacy   

  (lm/W). 

There is a large degree of freedom to  

tune to, for example, a desired luminaire 

lumen output.

0.05       0.10       0.15       0.20      0.25
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Important

In case the OEM chooses to set the current (either by programming or by applying  
an Rset resistor) other than nominal, the lifetime and reliability of the LED module 
must be taken into account. The following current regions can be distinguished:
1.   Current < nominal current (mA).      

 a. Efficacy (lm/W) higher than nominal value lumen output (lm) lower than  
     nominal value.        
 b. Lifetime > 50,000 hours.

2. Current between nominal current and lifetime current (mA).   
 a. Efficacy (lm/W) lower than nominal value lumen output (lm) higher than  
     nominal value.        
 b. Lifetime > 50,000 hours.

3. Current between lifetime current and absolute maximum current (mA). No 
 warranty applicable in this case.      
 a. Efficacy (lm/W) lower than nominal value lumen output (lm) higher than  
      nominal value.        
 b. Lifetime < 50,000 hours.

4. Current > absolute maximum  current: do not exceed the absolute maximum   
 current as this can lead to LED module failure. No warranty applicable in     
 this case. UL safety limits for approbation are exceeded above this point. 

How to tune the luminaire’s flux and efficacy

The LED module specifications are provided under nominal conditions, like nominal flux at nominal current. 
An example could be 1100 lm at 250 mA. With Fortimo LED linear system, however, it is possible to deviate 
from the LED module’s nominal current. Current (mA) and flux (lm) are approximately linear proportional. 
By altering the current, the flux will change accordingly. Figure 35 schematically shows the three lumen 
packages and the indication of the flux as function of the current; tuning. At the same time also the required 
forward voltage (Vf) changes slightly, leading to a change in efficacy too (lm/W). The next table explains the 
impact and boundaries.

Figure 35. Schematics.           

Indicated are the three lumen packages (blue stars: 650, 1100 and 2000 lm/ft). Yellow arrows schematically indicate the flux 

as function of the current around the nominal value; tuning.
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The rated average life is based on engineering  data, testing and probability analysis.  
The hours are at the L70 B50 point.

Values are stated in the associated LED module datasheet at     
www.signify.com/ledmodules.

Fortimo LED Linear Module I Nominal* I Life** I Max***

mA mA mA

LED Module Example 150 200 250

Table 3. Values for Fortimo LED linear module.

Note:
*   Nominal current at which performance is specified
** Value at which lifetime is specified (max current for warranty) 
*** Maximum current tested for safety

How to program the output current interface – connecting to indoor  
and outdoor, LED and conventional
The Xitanium programmable drivers offer a full range of controls, enabling customizable 
luminaire design and performance. It is possible to control light output levels, preset 
dimming protocols and set system specifications in the factory and even in the complete 
installations in the field. This can be done with the Philips MultiOne configurator software. 
The MultiOne configurator software is an intuitive tool that unlocks the full potential of all 
programmable drivers from Advance, ensuring that the driver performance matches the 
needs of the lighting solution. It offers unprecedented flexibility, before, during and after 
the product installation.

There are multiple programming methods (DALI, SimpleSet) being used within the Xitanium 
programmable portfolio. The DALI method uses hardwired communication whereas the 
Simpleset method uses wireless communication.  

For more information and latest version please visit www.signify.com/multione. This site  
contains detailed information on how to install the software and how to program the driver 
using the different methods noted above.

How to wire - general remarks 

Direct wiring between driver and LED modules
Be informed that no components are allowed between the LED driver and LED modules 
other than connectors and wiring intended to connect the LED driver to the LED module. 
For example, it is not allowed to install a switch between the driver and LED modules.

Two wires into one connector hole
In some scenarios two wires need to be connected to one connector hole. In this case the 
pairing has to be done outside the driver, resulting in only one wire going into the driver.  
Two wires into one connector hole are not supported.

Ferrules
The reliability of twin-wire ferrules (or “wire end stop”), accepting the wire which is inteded 
to be used, should be checked with the supplier of these ferrules.

Figure 38. MultiOne interface.

Figure 39. Examples of what solutions  

could look like for pairing wires.
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Cables and wires
With the current Fortimo LED linear modules, standard solid core installation wire can be used. This 
approach allows the OEM to choose the preferred supplier, as well as preferred cable properties like color, 
thickness and lengths, although mains-rated wiring is advised. Please check the LED module and driver 
datasheet for details like wire thickness and strip length at www.signify.com/ledmodules.

Wire release from LED module connectors
Releasing a wire from the connectors located on the LED module can be accomplished by one of two 
methods. These are shown in the figures below. One method is to use a ball point pen tip to first push on 
the wire release feature incorporated into the connector and then apply light pulling pressure on the wire 
until it releases from the connector. The release feature may vary slightly for the different connector types 
used on the various LED modules. The second method is to continually twist the wire in one direction while 
applying light pulling pressure on the wire until it releases from the connector.

Connecting the LED module to the driver

On the LED modules, connectors are marked “IN” or “OUT” together with a “+” or “-” or both. LED linear 
modules are polarity sensitive. Please assure a correct wiring before switching on the LED driver. In a 
“2-chain” configuration, 2 plusses and 2 minuses have to be connected to the driver. Currently, Advance 
offers only single channel linear drivers, meaning that if double “+” and “-” are present at the driver output, 
these are in parallel. Only one current (mA) can be drawn from the driver. See also the design-in guide for 

Xitanium indoor linear LED drivers at www.signify.com/leddrivers.

Interconnecting LED modules

By default the cables are connected from the “OUT” connector of a LED module to the “IN” connector of 
the next in line LED module, keeping the polarity (“+” and “-”) consistent. However, different wiring schemes 
could be possible (see previous  paragraph on wiring). LED linear modules are polarity sensitive. Please 
assure correct wiring before switching on the 

LED driver.

Connecting the driver to the mains supply

The mains supply has to be connected to the LED driver, not the LED module.

Warning

If the driver needs to be connected to protective earth, like non-isolated  
Xitanium LED drivers, then also the luminaire needs to be connected to  
protective earth in order to comply with safety and EMC regulations. Please  
also consult the design-in guide for the Xitanium indoor linear LED drivers  
at www.signify.com/leddrivers.



30 Advance

Electromagnetic compatibility (EMC)

Electromagnetic compatibility (EMC) is the ability of a device or system to operate satisfactorily in its 
electromagnetic environment without causing unacceptable interference in practical situations. In general, 
LED modules have no effect on the EMC of a luminaire. The Fortimo LED linear family modules are evaluated 

in combination with a Xitanium driver in a reference luminaire to meet FCC 47 subpart 15 Class A. 

Cable length and EMC

Advance has successfully performed EMC tests for a total length of 4 meter (sum of wire length and length 
of the Fortimo LED linear modules). For longer lengths it is advised to repeat these EMC tests.

How to improve EMC performance

•  Minimize the DM loop area of the lamp wires going from the driver to the light source by keeping the 
wires close together (bundling). This will minimize the magnetic field and reduce the radiated EMI 
(Electromagnetic Interference). Long linear light sources are also part of that loop.

•  Minimize the CM parasitic capacitance of the output wiring + light source to earth by keeping the length 
of the wires between driver and light source as short as possible. Also minimize the copper cooling area 
on the LED PCB and keep the length of the incoming mains wire inside the luminaire as short as possible. 
Remote wiring of the driver and/or LED modules is possible, but the above mentioned capacitance with 
the addition of resistance caused by the wire creates a voltage drop between the driver and module(s) 
and must be considered.

•  Keep mains and control wires (DALI, 0-10 V) separated from the output wires (do not bundle).

•  Ground the lighting system chassis and other internal metal parts to protective earth, and do not let 
large metal parts “float.” Always use the safety or functional earth connector or wire from the lamp 
driver. Or use equipotential connecting wires for all internal floating metal parts that are inaccessible. 
Keep safety and functional earth wires as short as possible to minimize their inductance; use as much as 
possible large metal areas (chassis, mounting plates, brackets) for earthing  purposes instead.

•  It is advised to establish a functional earth (FE) connection between all larger conductive, non-accessi-
ble luminaire parts and the driver to remedy potential EMC problems.

•  Sometimes, radiated EMC compliance cannot be achieved, necessitating the use of a 100 … 300 Ω axial 
ferrite bead(s) for either mains or lamp wiring (effective for interference between 30 MHz and 300 MHz), 
or coupling the wires through ferrite cores within the luminaire may improve the overall EMC perfor-
mance. However, selection of the type and characteristics of the additional filter depends on what fre-
quency components have to be damped and by how much.

Adhering to these rules will help in EMC compliance. For further questions, please contact your local 
Advance sales representative. Alternatively, the Advance OEM design-in team could be consulted for a 
possible solution.

Warning

As mentioned before, the total amount of parasitic current needs to  
be minimized. For that reason, the preceding practical precautions  
need to be taken into account in a lighting system to minimize EMI.
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Mechanical design-in
Mechanical fixation for LED linear modules 

To allow product performance achieving the specification, it is advised to use all designated 
holes on the module indicated for fixation. Optionally, you can omit some fixation points and 
evaluate the module’s performance on mechanical flatness and thermal contact. Make sure 
the modules are thermally in good contact with the mounting surface. This can be verified by 
measuring the Tc temperature and visually, or with the use of a gauge, verifying the module 
is contact with the mounting surface across the entire length of the module. When in good 
thermal contact, it is likely no additional thermal paste or cooling bodies are required. All 
fixation holes can be used for mounting purposes although certain features have been 
added to some to allow for ease in mounting and/or use of specialized fixation hardware.  
The fixation holes are indicated in each product’s datasheet in the download section at 
www.signify.com/ledmodules.

Figure 41. Use of washers.

Screws, washers and fixation holes

Each LED module fixation hole accepts up to a size M4 (or size 6) screw. OEMs may choose 
different size screws, as long as the creepage and clearance is maintained with respect to 
the PCB tracks. When using washers, we recommend using insulating washers and not metal 
washers, as with metal washers the creepage distance of earthed screw connection with 
respect to the PCB tracks is more difficult to be guaranteed.

To ensure the electrical insulation when using, for example, M4 metal screws, the diameter 
of the screw head (and optional metal washer) must not exceed 7.5 mm. When using 
electrically non-conductive materials the size could be allowed larger than 7.5 mm diameter. 
Small circles around the fixation holes indicate the limit the screw head should stay within.

Some LED linear types have holes available for mounting electrically non-conductive  
optics. The electrical isolation distance around these holes is not suitable for metal screws. 
Do not use these holes for mounting and fixating the LED module, as these holes will not 
meet creepage and clearance requirements. These optic fixation holes are indicated 
in the applicable product’s datasheet in the download section of     
www.signify.com/ledmodules.

Figure 40. Fixation slit-hole.
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Damage of insulation layer by screws or clamps

In general, the surface of the PCB must not be damaged by mounting materials, as this may compromise 
the electrical isolating layer. However, scratching of the PCB’s white top layer in the region that is intended 
for fixation by screw or clamp will not lead to loss of function or reliability. The area around fixation holes 
does not carry any copper tracks. This can be seen when looking carefully at the LED module. The mounting 
materials must still comply with the relevant creepage 
and clearance.

Screw torque

The maximum torque that should be applied depends on the screw type and luminaire material. The 
fasteners used to secure the LED module to a heat sink must be tightened with a torque in accordance with 
the table below.

Note:  
When tightening the fasteners it is best to start the fasteners into the module to allow the module to be 
centered and then tighten the fasteners from the center of the module to the ends of the module. This will 
help to ensure that the module will lie flat on the mounting surface and minimize any gaps that may occur. 

Screw Torque Min Max

Steel or aluminum, thread forming screws 0.6 Nm 1.0 Nm

Table 4. Maximum screw torque.
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Alternative fixation methods 

With Fortimo LED linear modules, fixation methods other than screws can be explored, potentially leading 
to fewer screws and faster mounting times. In order to achieve this, larger copper-free isles have been 
designed around the mounting holes. This freedom applies to the whole LED line portfolio. Be careful that 
the clamp pressure on the PCB still enables flat assembly of the LED linear module, so if the clamp somehow 
prevents the product from taking a flat position to make good thermal contact with the luminaire, it is 
undesired. Suggestions are made in this section.

Figure 42 Alternative fixation methods.
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Clamps

As an example, for the LED line 1ft SQ module using clamps, three different mounting scenarios are depicted 
on page 30. Each clamp used must comply with a 0.8 mm distance from clamp to the copper track in all 
directions on the LED module. A similar approach holds for the linear LED modules, as indicated below.

Figure 43. Fixation with 2 screws and 4 clamps.

Tip for scenario 2 of the 1ft SQ modules

Make sure when using two rows of clamps to keep the clamp length of one of the rows slightly shorter, to 
allow mechanical alignment of those clamps first. Next, lower the  1ft SQ module and slide the module 
under the second row of clamps. Finally, put in the screws.

Screw 1

Screw 2

Clamp 6

Clamp 5

Clamp 4

Clamp 3

14 mm

Figure 45. One-screw fixation with clamps for LED lines.

Figure 44. Tip for scenario 2 of the 1ft SQ modules.
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Figure 46. A solid working surface with proper squared alignment of the line Advance Fortimo variable length LED module.

Figure 47. Proper alignment of the perforated separation line Advance Fortimo variable length LED module.

Separation method of the Advance Fortimo variable length LED modules 

The Advance Fortimo variable length LED modules can be separated into two separate LED modules using 
the following method. NOTE: Only two LED modules can be produced from one full length variable length 
module as wire trap connectors are only located on the last module section on each end of the full-length 
module.

NOTE: Antistatic gloves and other ESD measures must be used when handling the Advance Fortimo variable 
length LED modules to prevent ESD damage during separation of the module and prevent the transfer of 
contaminants to the surface of the LED.  

Permissible separation of the variable length LED modules 

Step 1: Start with a solid and clean antistatic working surface (table, fixturing jig, etc.) with a square edge 
suitable to support the variable length LED module.  Place the Advance Fortimo variable length LED module 
such that the separation of the module will create the desired length of the LED module(s).   

Step 2: Align the perforated separation line of the Advance Fortimo variable length LED 
module against the edge of the supported surface within 1mm of the perforated separation 
line as shown. 
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Step 3: Press the overhanging section of the variable length LED module down with 
pressure being applied as close as possible to the perforated separation line. Keep your 
fingers away from the LEDs as much as possible to avoid damage to the LEDs.

Non-permissible methods for separation of the Advance Fortimo  
variable length LED modules 

It is not permissible to separate the Advance Fortimo variable length LED modules with  
the use of bare hands. ESD damage may occur as well as transfer of contaminants that can 
either damage the LEDs or cause shorter LED module life.

It is not permissible to separate the Advance Fortimo variable length LED modules  
without properly supporting the LED module. Solder joints and electronic components  
are sensitive to stress caused by an improper support while the boards are being separated.  
The picture below shows an unsupported hand separation of the LED module. This will cause 
unwarrantable damage to the LED module.

It is not permissible to separate the Advance Fortimo length LED modules at distance from 
the edge of the supported surface greater than 1mm of the perforated separation line as 
damage to the LED module may occur.

It is not permissible to separate the Advance Fortimo length LED modules where the edge  
of the supported surface is not squared to the perforated separation line of the LED module 
as damage to the LED module may occur.

It is not permissible to separate the Advance Fortimo length LED modules with a scissors as 
damage to the LEDs adjacent to the perforated separation line may occur.

Figure 48. Antistatic gloved hands applying pressure for proper separation of the line Advance Fortimo variable length LED module.

Figure 49. Non-permissible unsupported separation method of the of the Advance Fortimo variable length LED module while also 

using bare hands.



    37

Figure 50. An example of a mechanical fixture for reliable and repeatable separation of the Advance Fortimo variable length  

LED modules.

Mechanical fixturing for separation of the Advance Fortimo variable length LED modules 

It is recommended to use mechanical fixturing for reliable and repeatable separation of the Advance 
Fortimo variable length LED modules.  One example of fixturing that can be used for this is shown below.  
The CAD files for this design are available free for our customers to use and are found in the mechanical 
files section for the Advance Fortimo variable length LED modules in the online document download portal. 
https://www.na.mytechnology.portal.signify.com/dashboard/download-center.html?folderUUID=2ad8e534-
e39d-4f8a-b256-990ec4ed6bbe

The fixture consists of two parts – a base and a movable block.  The fixture has been designed with a 
mechanical stop on one side that lines up with edge of the variable length LED module and allows alignment 
for the full length of the fixture.  
This ensures that the LED module perforated separation line for each section will be kept properly squared 
to the end of the fixture.  The moveable block is pinned on the bottom to fit holes that have been drilled 
at predetermined spacings to act as an end stop for the variable length module.  These predetermined 
spacings correspond to each of the connected LED module sections and allow for the correct alignment of 
the perforated separation lines based on the length of the module needed.  By moving the block forward or 
backward, the length of the module can be set to the length that is needed for 
the application. 

There are two different Advance Fortimo variable length LED modules that are currently available.  The 
fixture has been designed to accommodate the two different variable length modules (44” and 47.5”) 
by allowing the movable block to be turned 180 degrees to fit a second row of holes that have been 
drilled at predetermined spacings.  This second row of predetermined spacings are drilled at a slightly 
different pattern to allow for the second variable length LED module to also give the correct alignment 
of the perforated separation lines based on the length of the module needed.  The two different fixture 
configurations for alignment and separation of the two different Advance Fortimo variable length LED 
modules are shown on the next page.  
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Figure 51. Drawing showing the various alignment positions for configuring the allowable lengths of the 44” version of the Advance 

Fortimo variable length LED modules.

Figure 52. Drawing showing the various alignment positions for configuring the allowable lengths of the 44” version of the Advance Fortimo variable length LED modules.
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Mechanical fixation for replaceable LED linear modules 

The mechanical fixation for LED linear modules that are intended to be replaceable uses 
some of the methods previously outlined for LED modules that are not intended to be 
replaceable. Replaceable LED linear modules are not intended to be used with more 
restrictive mechanical fixation (e.g. screws) but allow for easy, and preferably, tool-less 
removal of the LED module. This is first facilitated by the connector that is used to make 
the electrical connections as well as mechanically fixing the LED module at one end. An 
example of this is shown of the connector used in conjunction with the Fortimo InstantFit 
LED module. This connector uses a predefined cutout (shown) that is Zhaga compliant for 
initially fixing the connector in the sheet metal of the luminaire LED module mounting plate. 
This connector is installed first into the luminaire LED module mounting plate. The Fortimo 
InstantFit LED module is then inserted into the keyed connector and clamped down by the 
metal lever mechanism attached to the connector that rotates over the Fortimo InstantFit 
LED module and locks it into place. More information and visual representations of the 
mechanical features of the connector and the insertion and connection of the Fortimo 
InstantFit LED module can be found in the Fortimo InstantFit replaceable section that is 
located earlier in this design-in guide.

The OEM is responsible for the remainder of the fixation points of the Fortimo InstantFit 
replaceable LED module in the luminaire other than that made by the connector. This can  
be accomplished by fabricating hold downs in the luminaire LED module mounting plate 
or using add-on clips or other means to retain the Fortimo InstantFit LED module. One 
clamping method is shown below that uses a shear formed clamp that is stamped into the 
luminaire LED module mounting plate. The clamp, that is shown, is not only used to position 
the Fortimo InstantFit LED module but also applies a degree of downward force to ensure 
that the LED module makes contact with the luminaire LED module mounting plate. By 
implementing a number of these shear formed clamps along the length of the replaceable 
LED module, sufficient contact can be provided for ensuring reliable retention and proper 
thermal performance.

Figure 53. Fortimo InstantFit system - 

connector and Fortimo InstantFit  

LED module.

Figure 54. Fortimo InstantFit system - 

Zhaga compliant connector  

cutout dimensions.

Figure 55. Example of mechanical fixation using shear formed clamp.
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An example for retention of the opposing side of the Fortimo InstantFit LED linear module (side not being 
held in place by the shear formed clamp) is shown. This is also a shear formed feature and allows for simple 
retention (not clamping) of the Fortimo InstantFit LED linear module while allowing for ease of removal for 
replacement.

Figure 56. Example of mechanical retention using shear formed feature.

Mechanical fixation of the Fortimo InstantFit LED linear module can also be accomplished by the use of 
complementary partner components such as the metal retention clip (shown below) for retention of 
both sides of the Fortimo InstantFit LED linear module at the same time. This is accomplished by stamping 
the complementary partner specified rectangular slots into both sides of the the luminaire LED module 
mounting plate allowing for the installation of the retaining clips. The Fortimo InstantFit LED linear module 
is then dropped in and snapped into place for simple retention of the Fortimo InstantFit LED linear module 
while also allowing for ease of removal for replacement. Removal of the Fortimo InstantFit LED linear module 
is easily accomplished by spreading the opposing clips apart which releases the LED module. Clip placement 
and the number of retention clips being used is a matter of the preference of the OEM along with the added 
thermal performance requirements of the luminaire. For more information about complementary partner 
components, please see the complementary partners section at the end of this design-in guide.

Figure 57. Example of mechanical retention using complementary partner (BJB) retention clips.

Mechanical fixation of the Fortimo InstantFit LED linear module is not limited by the  
examples shown. The OEM has the freedom to create unique methods for attachment of  
the Fortimo InstantFit LED linear module. The OEM needs to ensure that whatever choice  
for fixation is made, certain aspects of the luminaire design are considered. These include but are not 
limited to the ease of assembly, reliable retention of the replaceable LED module, ease of removal of the 
replaceable LED module and thermal performance of the replaceable LED module.
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Thermal considerations during fixation of replaceable LED modules 

It is important to take into consideration how the mechanical fixation for replaceable LED modules affects 
thermal performance. This is especially true of the Fortimo InstantFit LED linear module.

Free air (minimal contact) operation 
Free-air (minimal contact) operation is defined by the minimal use of material that is used to mechanically 
support the Fortimo InstantFit LED linear module. Due to the aluminum substrate used as a backing and 
heatsink for the LEDs, it is possible to operate the Fortimo InstantFit LED linear module in a free air 
condition where no contact or minimal contact is being made to any surrounding surface. While it is possible 
for the Fortimo InstantFit LED linear module to be used in free air operation, it is not recommended as there 
is no way to transfer the heat out of the aluminum substrate and this will cause the thermal temperature 
of the Fortimo InstantFit LED linear module to rise to a point where it will not meet the Ilife rating at the 
specified nominal drive current condition. In order to operate in a free air environment it will be necessary 
to reduce the drive current of the Fortimo InstantFit LED linear module to a point where Ilife will be met at 
the intended ambient operating temperature. The actual drive current this will occur at is subject to how 
the LED module is being mounted, the amount of air around the LED module, and the airflow present around 
the LED module. Because of these uncertainties, due to the specific application of the product, there are 
no specific guidelines as to what drive current will produce an acceptable llife rating for free air operation 
for the Fortimo InstantFit LED linear module. It will be necessary for the OEM to determine this capability 
by measuring the Tc point of the module and it is highly recommended to also include the use of thermal 
imaging to determine if the temperature of the LED module is consistent across the entire length of the 
module. Failure to follow these recommended practices will invariably result in an operating condition where 
the Fortimo InstantFit LED linear module will not meet its Ilife rating and most likely will also be above its 
Tmax rating during operation. This will result in premature failure of the Fortimo InstantFit LED linear module 
and violate the warranty conditions. Significant reduction of the LED drive current will be necessary to meet 
the Ilife rating for free air operation and will also most likely limit the lumen output of the Fortimo InstantFit 
LED linear module to a point where the OEM will find that it is unusable for 
any practical implementation.

Non-metallic material operation 
Non-metallic material operation is defined by the non-metallic luminaire material that is used to mechanically 
support the Fortimo InstantFit LED linear module. Non-metallic material operation will be impacted by the 
material being selected for this purpose due to the transfer of heat from the Fortimo InstantFit LED linear 
module aluminum substrate used as a backing and a heatsink for the LEDs. Consideration must be given to 
the properties of the material being used for the purpose of heat transfer. Non-metallic materials must 
conform to applicable regulatory standards for use (such as flammability rating of the material) and meet 
the applicable safety requirements.
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It will be necessary to know the thermal transfer characteristics of the material being used as this will 
impact the thermal capability of the Fortimo InstantFit LED linear module. It will also be necessary for the 
OEM to determine the desired thermal capability by measuring the Tc point of the module and it is highly 
recommended to also include the use of thermal imaging to assist in determining if It will be necessary to 
identify how much contact is needed to provide thermal consistency across the entire length of the Fortimo 
InstantFit LED linear module. Effort should be made to minimize the air gaps that can occur between the 
Fortimo InstantFit LED linear module and the non-metallic mounting surface. Testing has indicated that 
air gaps can result in temperature differences in the LEDs located directly above the gap. Care should be 
taken not to bend the Fortimo InstantFit LED linear module during installation to reduce air gaps that may be 
introduced by this activity. To also minimize the effects of potential non-linearity in the Fortimo InstantFit 
LED linear module or of the mounting surface of the luminaire, more points of contact can be established. 
The thermal properties of the non-metallic material will ultimately determine how much of an effect the 
air gaps will influence the thermal performance and how much adding more contact between the Fortimo 
InstantFit LED linear module and non-metallic mounting surface will influence this. Because of the wide 
range of non-metallic materials available for use, there are no specific guidelines as to what drive current 
will produce an acceptable Iife rating for non-metallic material operation. Reduction of the LED drive 
current will be necessary to meet the Ilife rating for non-metallic material operation and may limit the lumen 
output of the Fortimo InstantFit LED linear module to a point where the OEM will find that it is unusable for 
any practical implementation.

Metallic material operation 
Metallic material operation is defined by the metallic luminaire material that is used to mechanically support 
the Fortimo InstantFit LED linear module. Metallic material operation can be impacted by the material 
being selected for this purpose due to the transfer of heat from the Fortimo InstantFit LED linear module 
aluminum substrate used as backing and a heatsink for the LEDs. Metallic material operation of the Fortimo 
InstantFit LED linear module will provide the best overall performance for the purpose of heat transfer. 
Consideration must be given to the properties of the material being used and knowledge of the thermal 
transfer characteristics of the material as this will impact the thermal capability of the Fortimo InstantFit 
LED linear module. For instance-testing has concluded that an aluminum support surface will outperform 
a steel support surface of the same size. It will also be necessary for the OEM to determine the desired 
thermal capability by measuring the Tc point of the module and it is highly recommended to also include the 
use of thermal imaging to assist in determining if the temperature of the LED module is consistent across 
the entire length of the module. It will be necessary to identify how much contact is needed to provide 
thermal consistency across the entire length of the Fortimo InstantFit LED linear module. Effort should be 
made to minimize the air gaps that can occur between the Fortimo InstantFit LED linear module and the 
metallic mounting surface.
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Testing has indicated that air gaps that are greater than 100 microns can result in significant 
temperature differences in the LEDs located directly above the gap. It is recommended that 
the air gaps be kept at or below this level to produce the best and most consistent thermal 
performance over the entire length of the Fortimo InstantFit LED linear module. The air 
gaps can be measured using a feeler gauge to determine if they are excessive. Care should 
be taken not to bend the Fortimo InstantFit LED linear module during installation to reduce 
air gaps that may be introduced by this activity. To also minimize the effects of potential 
non-linearity in the Fortimo InstantFit LED linear module or of the mounting surface of the 
luminaire, more points of contact can be established by adding, for example, more shear 
formed clamps or retention clips along the length of the LED module. The use of thermal 
imaging during the luminaire design process is an effective way to see how well thermal 

contact is being established.

Complementary partners for fixation alternatives 

Fixation materials, such as screws, are not part of the Fortimo LED linear system offering. 
This is an added-value area for OEMs, offering the possibility to differentiate. However, 
there are several suppliers offering push-and-fix-like components or adhesive tapes, 
enabling quick and easy luminaire creation. Some of these are listed in the complementary 
partner section in our LED quick guide (both available printed and digital) or at www.signify.
com/ledmodules.

Reference to these products does not necessarily mean they are endorsed by Signify. 
Signify gives no warranties regarding these products and assumes no legal liability or 
responsibility for any loss or damage resulting from the use of the information given here. 
We advise not to use bare plastic push-pin fasteners (without any metal parts), as these are 
likely to wear out before the lifetime of the LED product is reached, reducing the mechanical 
and thermal contact between the LED module and the luminaire.

Figure 58. Push to fix component by BJB.

Figure 59. Florence Press Fit Screw 

Replacement component by LEDiL.
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Figure 60. LED line 3R modules.

Continuous LED pitch

To achieve optimal lighting uniformity, it is advised to keep the LED pitch between the modules 
the same as on the module itself. As an example, for current LED line 3R modules the modules 
should be ˜6 mm apart. For LED line 1R modules that should be ˜1.3 mm. This distance can be 
derived from the measures in the drawings provided in the datasheet of the LED module you 
use, in the download section on www.signify.com/ledmodules.

Reflector design

If a reflector is designed around the LED module, it is essential to allow a proper clearance 
distance between the LED module and reflector around the LED module surface, LEDs and the 
connectors (see drawing below). This clearance distance is necessary to ensure safe insulation 
of the system and is in line with UL 1598/IEC 60598 regulations to prevent short circuiting, 
damage and an open circuit to the LED module.

Required minimum clearance distance

LV product requires 1 mm minimum.

Clearance distance for optical design

IEC norm

IEC norm

2 mm

2 
m

m

2 
m

m

2 
m

m

2 
m

m

Figure 61. Clearance distances required for optical design around LED linear modules.

Warning

If a luminaire requires protective earth, all conductive parts – 
like the reflector – must be electrically connected to protective 
earth in order to prevent hazardous conditions!
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Introduction

To facilitate design-in of Fortimo LED linear systems, the critical thermal management 
points and case temperature (Tc) of the LED modules and driver are set out in this section. 
In Advance’ product design phase all possible precautions have been taken to keep the 
component temperature as low as possible. However, the design of the luminaire and the 
ability to guide the heat out of the luminaire are of utmost importance. If these Tc points are 
taken into account when designing the fixture, it will ensure the optimum performance and 
lifetime of the system.

Definitions

•   LED module temperature: temperature measured at the Tc point of the LED module.

•   Driver temperature: temperature measured at the Tc point of the driver.

•   Ambient temperature (Tamb): temperature outside and surrounding the luminaire.

When switched off >2 hours, temperature at Tc point is likely to equal Tamb.

Thermal behavior of Xitanium drivers

Besides the LED modules, another important component is the driver. For specific  
design-in guidelines, please consult the associated design-in guide for the Advance 
Xitanium indoor linear LED drivers and the associated driver datasheets, which can be found 
at www.signify.com/oemna.

Tc point

The Tc test point indicates a reference point for measuring the LED module’s temperature. 
The Tc test point for each LED module is indicated both on the PCB and in the associated 
datasheet. This can be used during the luminaire design to verify that the temperature 
remains below the maximum specified temperature for the Tc test point.

For LEDs it is the junction temperature that is the critical factor for operation and lifetime. 
Since there is a direct relation between the case temperature and the LED junction 
temperature, it is intended to only measure the temperature at the Tc point of the LED 
module. This Tc point must not exceed the maximum values stated in the associated 
datasheet in the download section on www.signify.com/ledmodules.

Thermal design-in

Figure 62. Energy balance of an   

LED module.

Figure 63. Tc point.
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How to measure Tc at the Tc point

Tc can be measured using, for example, a thermocouple that is firmly glued or taped to the upper surface of 
the LED module. For a representative measurement the temperature must be stable before any reliable data 
can be obtained (often minimum 1 hour stabilizing time).

Test requirements

Measurements, e.g., of temperature, luminous flux and power, are reliable once the luminaire is thermally 
stable, which may take between 0.5 and 2 hours and is defined at least three readings with stability less than 
0.5%. Readings are taken every 15 minutes.

Note:
Thermal stability can be considered if the temperature changes are less than 1°C over three measurements 
taken 15 minutes apart. Measurements must be performed using thermocouples that are firmly glued to the 
surface (and not, for example, secured with adhesive tape).

Relation between Tc and flux
The flux of the LED module is specified at a nominal Tc, which is a lower value than the Tc corresponding 
to the lifetime specification (Tc life). Increasing the Tc temperature has an adverse effect on the flux and 
lifetime of the LED module.

Relation between Tc and ambient temperature

The Tc increases by approximation linear with the ambient temperature (Tamb). The temperature offset 
between Tamb and Tc depends on the thermal design of the luminaire. The Fortimo LED linear system has 
been designed for indoor use. For approved ambient temperature range, please check the associated LED 
module datasheet on www.signify.com/ledmodules.

How to tune for anticipated ambient temperature (°C) 

The LED module specifications are provided under nominal conditions, like nominal flux at nominal Tc. In 
previous sections it has been explained how to determine the temperature at Tc point. It is, however, 
possible to deviate from the LED module’s nominal Tc. As the ambient temperature (Tamb) and Tc are related, 
thermally designing for a different Tc could allow for, e.g., a higher Tamb or using different housing materials. 
Deviating Tc from nominal will lead to relative small changes in flux (lm) and efficacy (lm/W). Figure 36 explains 
the impact and boundaries.
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Example Graph

Case temperature (Tc) has some impact on performance but a clear impact on lifetime. 
Advice is to stay below Tc-life. The rated average life is based on engineering data testing 
and probability analysis. The hours are at the L70 B50 point.

An example is given below on how these values are stated in the associated LED  
module datasheet on www.signify.com/ledmodules. Please make sure to look up  
the corresponding Tc values for the Fortimo LED linear product you are using.

Fortimo LED Linear Module Tc nominal * Tc life** Tc max***

°C °C °C

LED Module Example 45 65 80

Table 5. LED module data.

* Nominal value at which performance is specified 
** Value at which lifetime is specified (max current for warranty) 
*** Maximum value for safety  

Figure 64. Graph.  

Example of altering flux and efficacy by 
allowing a different Tc. For specific details 
please check the associated datasheet of 
the LED module you are using. 
 
Example for a given LED linear module, 
keeping the drive current constant,
•  Allow doubling of Tc (°C).
•  Csts only about 5% flux.
•  And costs only about 3% efficacy   
    (lm/W).

Figure 65. Graph. 
With LED there is a stable light performance over a large temperature range, opposed to fluorescent tubes.

Efficacy

Luminous flux
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Influence of thermal resistance of the luminaire

Retrofitting LED linear modules into existing fluorescent fixtures is possible in many cases. However, in 
case of a high flux LED line - with a high power density - the luminaire design has to enable sufficient heat 
transfer from the LED module to the ambient. In other words, the higher the flux density (lm/ft), the lower 
the total thermal resistance (Rth) from the LED module to the ambient has to be in order to keep the LED 
module temperature at the specified level. The total Rth is determined by both the LED module and the 
luminaire design. The lower the Rth, the better the thermal performance of the system.

In case the measured Tc value of the LED module inside the luminaire is higher than specified and the 
luminaire design cannot be modified, reducing the LED module’s current can provide a solution.

The total Rth can be calculated from the measured difference between Tc and Tamb and the LED module’s 
current and voltage by the following formula:

Note: 
Pth is approximately 0.6 x Pelectric.

( Tc _Tamb )

0.6 x (V x I)
Rth  =

Warning

In case the OEM chooses to allow the temperature at Tc other than 
nominal, the lifetime and reliability of the LED module must be taken into 
account. Given a constant drive current (mA), following temperature 
regions can be distinguished:

1.  Temperature at Tc < nominal value (°C).    
  a. Efficacy (lm/W) higher than nominal value. Light output (lm)  
       higher than nominal value.     
  b. Lifetime > 50,000 hours.

2.  Temperature at Tc between nominal value and lifetime value (°C). 
  a. Efficacy (lm/W) lower than nominal value. Light output (lm)  
       lower than nominal value.     
  b. Lifetime > 50,000 hours.

3.  Temperature at Tc between lifetime value and absolute maximum  
 value (°C). No warranty applicable in this case.    
  a. Efficacy (lm/W) lower than nominal value. Light output (lm) 
      lower than nominal value.     
  b. Lifetime < 50,000 hours.

4.  Temperature at Tc > absolute maximum value: do not exceed the  
 absolute maximum value as this can lead to LED module  failure.  
 No warranty applicable in this case.
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How to calculate Tc after changing the drive current

If Tc is known at current “X” mA, what will Tc be if the current is set to “Y” mA?

Alternatively:

How much higher can or lower must the current be to stay below Tc-life?
1. Given Tc and Tambient are obtained correctly in the first place.
2. Assuming linear relation with bias (being the Tambient) is realistic.
3.  Once Rth is determined, it becomes: Tc = (Rth  * V * I) + Tambient.

This realistic approach is, however, simplified. Use this: For example, calculating Tc within a few degrees 
Celsius from Tc-life for a reduced current level of 40mA, based on a measurement taken at 200mA, can be 
very inaccurate. 

Advice: For final validation of thermal design, actual measurements are needed. 

Cooling via the luminaire housing or cooling plate thermal contact

Preventing an air gap is ensuring the best thermal contact. By ensuring good thermal contact between the 
bottom surface and the luminaire surface, thermal interface materials (TIM) should not be required. 

Cooling via the luminaire housing

The Fortimo LED linear module itself has been optimized to spread the generated heat. However, extra 
cooling can be achieved via the luminaire housing or, if this is not sufficient, via an additional cooling plate. 
For this to work well, good thermal contact must be achieved. Obviously, the plate must release its heat via 
the luminaire to the surroundings as well.

Cooling surface area and material

The amount of heat that needs to be transferred away from the LED module to the ambient air is about 
two-thirds of the electrical power. This heat needs to be dissipated and transferred to ambient air via the 
luminaire housing.

If the luminaire housing has a good thermal conductivity the effective cooling area is increased. It is 
therefore recommended to use a material that has high thermal conductivity and is of sufficient thickness. 
This will lower the module temperature and enable the system to perform better (lifetime and flux). The 
required size of the luminaire housing area per LED module depends on the design and volume of the 
luminaire, the thermal properties of the material used and the expected ambient temperature.

Material k (W/mK) Equivalent Conductivity

Copper 400 1 cm thickness, could  be replaced  by

Aluminum 200 2 cm thickness, could  be replaced  by

Brass 100 4 cm thickness, could  be replaced  by

Steel 50 8 cm thickness, could  be replaced  by

Corrosion-resistant steel 15 27 cm thickness

Table 6. Thermal conductivity of different materials.

LED line

Mounting Plate

> 
1 

m
m

Figure 66. The air gap of the area where the LED module is mounted should not exceed 1 mm along the LED module.
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Figure 67. Effective  length limited by both conductivity (K/m) and thickness (m).

Aluminum is preferred over steel because of its higher thermal  conductivity, although for 
most applications steel is likely to be adequate. If Tc is exceeding the target value, consider 
the use of aluminum

Figure 68. Temperature distribution using different mounting plate materials.

Figure 69. Operation under built-in conditions, applicable for both LED module and driver.
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Thermal radiation and emissivity coefficient

Thermal radiation accounts for a substantial part of the total heat transfer. The amount of thermal radiation 
is highly dependent on the emissivity coefficient of the surface. For example, a polished aluminum surface 
has a very low emissivity coefficient, while a painted surface has a very high one. A higher emissivity 
coefficient means more effective heat transfer.

Thermal emissivity coefficients of common material 

Material Finish Emissivity Coefficient

Aluminum New/polished 0.04 - 0.06

Blank 0.20 - 0.30

Anodized 0.80 - 0.95

Steel New/polished 0.10

Painted/coated 0.80 - 0.95

Table 7. Thermal emissivity coefficients of common material.

Tips for small volume and double chamber conditions 

The heat produced by the LED modules and LED driver in the luminaire (or similar housing) must be dissipat-
ed to the surroundings. If a luminaire is thermally isolated by a ceiling, wall or insulation blanket, the heat 
produced cannot be easily dissipated. This will result in a higher temperature of the LED driver and LED 
modules, which will have an adverse effect on system performance and lifetime. For optimum performance 
and lifetime it is advised that air be allowed to flow freely around the luminaire and that the mounting plate 
is in direct thermal contact with free air. Designing the luminaire in such a way that air can also flow through 
it will provide extra cooling, which may be beneficial in certain cases. Any venting provided must meet UL 
standards for safety.
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How to design for good thermal performance

General thermal design guidelines to improve the thermal management and performance  
of a luminaire:

•  Ensure good thermal contact  between the module/driver and the coldest part of the luminaire.

•  Simplify the heat path from Tc to cold ambient air; fewer interfaces is better.

•  Place the module(s) and driver at a distance from each other to obtain a more uniform temperature 
distribution in the luminaire.

•  Avoid sharp folding or bending of metal plate parts.

•  Use good thermally conductive materials in the primary heat path.

•  Ensure proper heat spreading by using materials with good conductivity and/orsufficient thickness to 
increase the effective cooling surfaces.

•  Anodized, painted surfaces are preferable to blank shiny surfaces in order to increase  eat transfer via 
thermal radiation.

•  Use of thermal interface materials (TIM) can be considered to improve thermal contact, i.e., between the 
LED module and luminaire housing.

Contact Signify at any time if you need advice on your luminaire design (see "Contact details" section).
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Impact of thermal cycling on product failure

Not only the drive current (mA) and steady state case temperature (Tc °C) have an impact on the lifetime 
of LEDs. Also the number of full thermal cycles has a significant impact on product failure. A full thermal 
product cycle means the complete warm up to stabilized Tc of the product in use and full cool down to 
ambient temperature (Tamb) of the product being switched off. For your convenience the amount of 
warranted full thermal product cycles of the LED product at a given Tc is stated in the datasheet for the LED 
module you use, which can be found in the download section on www.signify.com/ledmodules. Electrically 
faster switching, thereby not reaching the thermal limits of a full thermal cycle, will allow for higher numbers. 

Note:  
Always take the Tc temperature limits into account as stated in the datasheet for the  
LED module you use.

Warranted number of full thermal product cycles at which the survival rate of the 
population ≥90%, at 25°C ambient temperature

Case Temperature Tc [°C] LED Module 1 LED Module 2

35 14,600

40

45 14,000

50

55 12,000 14,600

60

65 8,000 14,600

70

75 6,000 14,000

80 6,000

85 10,000

90 8,000

Table 8. Warranted number of full thermal cycles at 25C degree ambient. 

Example:
LED module 1 with Tc 65 °C at Tamb 25 °C has a warranted number of full thermal  product cycles of 8,000.

Example:
LED module 2 with Tc 65 °C at Tamb 25 °C has a warranted number of full thermal  product cycles of 14,600.

Reliability
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Lumen maintenance of the Fortimo LED linear modules 
B50L70 @ 50,000 hours

The quality of the LED linear portfolio is underpinned with Advance’ claim of B50L70 at 50,000 hours. This 
means that at 50,000 hours of operation at least 50% of the LED population will emit at least 70% of its 
original amount of lumens. The decreased lumen level can be a result of less light out of an LED, discrete 
LEDs failing - leading to a reduced lumen output of the luminaire - or a combination of the two. This is 
contrary to conventional light sources, where some time after service life hours the conventional light 
source emits no light at all. In this section the example graphs show the estimated lumen depreciation 
curves for different percentage of the population and for different  Tc temperatures. The actual data for 
the LED linear modules can be found in the associated datasheet.

Please refer to the associated LED module datasheet for the specific lumen maintenance graphs.

LM-80 data and DLC compliance

The DesignLights Consortium® (DLC) promotes quality, performance and energy-efficient commercial 
sector lighting solutions through collaboration among its federal, regional, state, utility and energy 
efficiency program members, luminaire manufacturers, lighting designers and other industry stakeholders 
throughout the U.S. and Canada. Since 2010, the DLC has administered the Commercial LED Luminaire 
Qualified Products List (QPL), a leading resource that identifies quality, energy-efficient LED luminaires 
for the commercial sector. The DLC follows the ENERGY STAR guidance for lumen maintenance testing 
that includes IES LM-80 test procedures and the application of LM-80 data using the IES TM-21 procedure to 
determine the long-term lumen maintenance of an LED light source. IES TM- 21 applies an exponential least 
squares curve-fit through the average values provided in the LM-80 data. The TM-21 calculator that is used 
to determine the estimated long-term lumen maintenance can be found at http://www.energystar.gov/TM-
21calculator. The LM-80 data for the LEDs used for each Advance LED module is available on request from 
your sales representative. Please contact them for assistance in obtaining this information. 

Note: 
TM21 refers to Tc some time as the solder temperature of the LED measured in the insitu-test. This Tc is not equal to the 
Tc point of the Fortimo LED modules that are used for thermal design-in. However, there is a clear thermal correlation 
between Ts and Tc designed for within any Fortimo LED module. The exact temperature difference (dT) depends on 
fixture design and application conditions.

Warning

Lumen maintenance of the LED device is not a proxy for luminaire lifetime as 
it does not account for other potential failure modes in the luminaire such as 
driver failure, failure of connections, failure of optical systems, etc. Therefore, 
it is strongly suggested to not use TM21 predictions and calculations as the 
sole data point to specify luminaire lifetime.  
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Lumen maintenance for different Tc temperatures 

Lumen maintenance is also affected by temperature. Lowering the Tc will increase the lumen maintenance 
time. The example graph below (Fig. 71) is showing the lumen maintenance (% of initial  lumen over time) for 
B50 (50% of the population) at Ilife and three different Tc temperatures (Tc nominal, llife and maximum).

Please look up the actual lumen maintenance graph in the associated datasheet of the Fortimo LED module 
you are using.

Figure 71. Lumen maintenance as a function of operating hours at different Tc values.

Note: 
These graphs are lifetime predictions based on LM80 data; no warranty outside specified lifetime 

specifications.

Lumen maintenance for B10 and B50

Below example graph is showing the lumen maintenance (% of initial lumen over time) for B50 (50% of the 
population) and B10 (90% of the population).

Please look up the actual lumen maintenance graph in the associated datasheet of the Fortimo LED module 
you are using.

Figure 70. Lumen maintenance as a function of operating hours for B10 and B50.
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Inserting and removing the cables

Conductor insertion and release 

All wires must be pushed firmly into the contact wire opening. The wire can be released by pushing the release 
button (when this feature is available) or by gently twisting and pulling the wire at the same time until the wire 
releases, as in the case of the connector used in conjunction with the Fortimi InstantFit LED module.

Figure 72. Inserting solid conductor via push-in termination. 

Figure 73. Insert/remove the stranded conductor by lightly  

pushing on push button, e.g., using a tool or a ball point pen.

Wire insulation

The wires must be fully inserted such that the wire insulation is inserted into and surrounded by the end of the 
housing (no bare wire should  be visible).

Tips for assembly      
and installation

Warning

Do not service the system when the mains voltage is connected. 
This includes connecting or disconnecting the cable.

Figure 75. Wire insertion and strip length.

Figure 74. Connector used in conjunction 

with the Fortimo InstantFit LED module.
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Strain relief

It is important to consider the addition of a strain relief to the wiring when the length of the wiring from the 
connector of the LED linear module is more than 15 cm. The strain relief is meant to prevent high force from 
being exerted on the wire/connector interface, prevent the connector housing from lifting off the contacts 
and prevent undue strain on the connector to module solder connection. A strain relief should also be 
considered when wiring from LED module to LED module if the length of wiring warrants it.

 

Figure 76. Wire insertion and strip length.

Warning

The electrical connectors are not repairable.

• DO NOT use damaged or defective contacts or housings.

• Do not apply mains power directly to a LED linear module!

• Do not touch, attach or detach LED modules.

.

Wire termination depth

The required wire termination depth on the LED module connector is achieved when the wire, with stripped 
insulation (by hand or machine) to the indicated length stated in the LED module datasheet, ensures a solid 
connection. For the driver connector the required wire termination depth is stated in the driver datasheet. 
Check both LED module and driver datasheets for information at www.signify.com/oemna.
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Binning

In order to provide an economical high quality LED module product, Signify has established  a method for 
correct mixing of the LED bins within each LED module. For selected LED linear modules there are not one, 
but two bins, based on forward voltage (Vf) only. Fortimo LED linear does not require bins on flux nor color, 
which is convenient for stock keeping and assembly. Please check the datasheet of the LED module you use 
if one or two bins apply.

Why address the issue of LED binning

It is important to understand binning because it is very essential in LED system design. As in other 
semiconductor manufacturing processes, in the production of LEDs the number of parameters of the 
epitaxy process is very large and the process window is small (for example, the temperature must be 
controlled to within 0.5 °C across the wafer at temperatures of ˜800 °C). The fact that it is difficult to 
achieve such a high degree of control means that the properties of the LEDs may vary significantly within 
single production runs and even on the same wafer. To obtain consistency for a given application, binning 
(= selection in bins, groups of components like LEDs with similar specifications) is mandatory. Binning 
involves characterizing the LEDs on the basis of measurement and subsequently categorizing them into 
several specific bins. To keep the cost per LED down, LED manufacturers need to sell the full production 
distribution. At the same time they cannot guarantee the availability of all bins at all times. There is a 
trade-off between logistics and cost, on the one hand, and the application requirements on the other. The 
advantage of binning is that there will only be a limited need for LED module pairing by the OEM. In the near 
future Advance might omit the offering of bins, having only one bin per module type.

Note: 
For light quality reasons do not mix different bins in one LED linear system (system being modules on one 
driver). Luminaires from different bins, but having the same bin within one system (e.g., luminaire), will 
perform similar on color and lumen. Meaning luminaire X with bin “A” will appear equal to luminaire Y 
with bin "C."
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How to recognize the bin of my LED linear module 

Fortimo LED linear modules are labeled and packaged in maximum two voltage bins 
(Vf). These bins are clearly indicated with letters. For example, "A" and "C" or "E" and 
"F." In order to ensure optimum flux and color uniformity, we strongly advise not to mix 
two different bins in the same luminaire (system).

The Vf bin is clearly indicated on the label. All LED modules packaged in one box (MOQ) 
will be from the same bin.

Introduction to electrostatic discharge (ESD)

It is generally recognized that electrostatic discharge (ESD) can damage electronic 
components, like LED chips, resulting in early failures. Professional users of 
electronic components are used to implementing extensive and disciplined measures 
to avoid ESD damage in their finished end products. Now, with the introduction of 
LED electronic components for lighting, a new generation of users, such as OEMs 
and installers, are exposed to handling and manufacturing with LED electronic 
components. 

ESD requirement links to product specification

Advance has designed their Fortimo LED products to meet differing levels of ESD. 
Specifications of the LED module’s contact discharge level and air discharge level,  
according to CAN/CSA IEC 61000-4-2, are stated in the associated datasheets of the  
LED module you use.

ESD in your production environment

The purpose of an effective ESD-control strategy is the reduction of assembly line 
failures, final inspection failures and field failures. Depending on the immunity level 
of the LED module a minimum set of measures has to be taken when handling LED 
modules. ESD measures are required in a production environment where handling can 
exceed the ESD immunity  level shown in the product datasheet. Note: Air humidity 
has an important influence on electrostatic charge build-up.  Furthermore, ESD vul-
nerable products should be packed and shipped in ESD safe packaging.

How to meet the ESD requirement

Advice is to make use of ESD consultancy to determine how the ESD requirement 
can be met. One should think of an ESD control plan and ESD adequate equipment. 
Independent ESD consultancy companies can advise and supply adequate tools and 
protection guidance.  For further information on development of an ESD control 
program please reference ANSI/ESD S20.20-2014.

Servicing and installing luminaires

It is highly recommended that Installers are informed that they should not touch the 
LED components and should use earthed arm-straps to avoid ESD damage during 
installation and maintenance.

Figure 77. Label on LED linear module 

indicating bin A.

Figure 78. ESD measures, which could 

contain wrist bands, ESD-safe shoes 

and floor, ESD friendly materials and 

ESD-control plan general awareness.
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Quality, compliance
and approval

Chemical compatibility

In the current market medium power LEDs exist, containing a silver-finished (Ag) lead  
frame. The lead frame finish is sensitive to pollution and/or corrosion when exposed to oxygen and 
certain Volatile Organic Components [VOCs]. Examples of VOCs are substances containing sulfur 
or chlorine. In that case parts of the lead frame may blacken, which will impair the lumen output 
or the color point of the LED light. Materials that are known to have a higher risk to be a source of 
sulfur and chlorine are, for example, natural rubbers used for cables, cable entries or sealing, or 
corrugated carton. Also be careful using adhesives, cleaning agents, coatings and applications in 
aggressive (corrosive) environments.

We recommend ensuring that the direct environment of these LEDs in the luminaire does not 
contain materials that can be a source of sulfur or chlorine, for optimal reliability of the LED, LED 
module and/or LED luminaire. Furthermore, make sure that the products with these LEDs are not 
stored or used in vicinity of sources of sulfur or chlorine and the production environment is also 
free of these materials. Also avoid cleaning of the LED products with these types of LEDs with 
abrasive substances, brushes or organic solvents like acetone and TCE.

Applications of the product in industry and heavy traffic environment should be avoided in case of 
risk of ingress of sulfur and chlorine from the environment.

Chemical Name Normally       Used 
As

Acetic acid Acid

Hydrochloric acid Acid

Nitric acid Acid

Sulfuric acid Acid

Ammonia Alkali

Potassium hydroxide Alkali

Sodium hydroxide Alkali

Acetone Solvent

Benzene Solvent

Dichloromethane Solvent

Gasoline Solvent

MEK (Methyl Ethly Ketone) Solvent

MIBK (Methyl Isobutyl Ketone) Solvent

Mineral spirits (turpentine) Solvent

Chemical Name Normally       Used 
As

Tetracholorometane Solvent

Toluene Solvent

Xylene Solvent

Castor oil Oil

Lard Oil

Linseed oil Oil

Petroleum Oil

Silicone oil Oil

Halogenated hydrocarbons

(containing F,Cl,Br elements) Misc

Rosin flux Solder flux

Acrylic tape Adhesive

Cyanoacrylate Adhesive

Table 9. Chemical compatibility.
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The Advance LED linear family makes use of LEDs with above explained type of lead frame. Therefore, above 
recommendations apply for the Fortimo LED linear modules. Fortimo LED linear systems comply with the 
standards shown in below paragraphs.

A list of chemicals, often found in electronics and construction materials for luminaires that should be 
avoided, is provided in Table 13. Note that Advance does not warrant that this list is exhaustive since it is 
impossible to determine all chemicals that may affect LED performance. These chemicals may not be directly 
used in the final products but some of them may be used in intermediate manufacturing steps (e.g., cleaning 
agents). Consequently, trace amounts of these chemicals may remain on (sub) components, such as heat 
sinks. It is recommended to take precautions when designing your application.

In case of questions on compatibility of materials or applications of the product please contact your local 
Advance sales representative for application support.

Compliance and approval marks

The Fortimo LED linear family is UL/CSA approved. The relevant standards are summarized at the end of 
this chapter. To ensure luminaire approval, the conditions of acceptance need to be fulfilled. Details can be 
requested from your local sales representative. All luminaire manufacturers are advised to conform to the 
international standards of luminaire design (UL1598).

Ingress protection – IP rating, humidity and condensation 
Photobiological safety

The Fortimo LED linear systems are build-in systems and therefore have no IP classification. They are not 
designed for operation in the open air. The OEM is responsible for proper IP classification and approbation 
of the luminaire. The Fortimo LED linear modules have been developed and released for use in damp 
locations and not for locations where condensation is present. If there is a possibility that condensation 
could come into contact with the modules, the system/luminaire builder must take precautions to 
prevent this.

The lamp standard, IEC 62471 "Photobiological safety of lamps and lamp systems," gives guidance on 
evaluating the photobiological safety of lamps and lamp systems including luminaires. It specifically defines 
the exposure limits, reference measurement technique and classification scheme for the evaluation and 
control of photobiological hazards from all electrically powered incoherent broadband sources of optical 
radiation, including LEDs, in the wavelength range from 200 nm to 3000 nm. Measurement results for LED 
products are given below. Based on these measurements, conclusion is no safety measures are required.
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Blue light hazard

From the nature of most LEDs applying blue light, emphasis has been put on the hazard in terms of Photo Biological 
Safety (PBS). Evaluation by the European lighting industry (ELC, Celma) has concluded LED light sources are safe for 
customers when used as intended. Nevertheless, luminaire makers have to comply with luminaire standards including 
PBS. To avoid extensive retesting, the market prefers to build on the test conclusions of the LED (module) suppliers. 
The testing conclusion then will be expressed in Risk Groups (RG), where RG0 and RG1 do not require marking and/or 
specific action for the OEM (as compared to RG2 and 3). The certificates with the verdict of the LED products can be 
found in the download section of www.signify.com/ledmodules.

Some facts on blue light.

•  All light – visible, IR, UV – causes fading.

•  It has long been known that blue light causes fading in yellow pigments.

•  LEDs do not produce more blue light than other sources by its nature.

•  Blue light content is relative to color temperature, not to light source.

“Often, investigations into the effect of short-wavelength radiation—be it on humans or artwork—suggest that LEDs 
are dangerous because they emit more blue light than other sources like incandescent bulbs or CFLs. While it is true 
that most LED products that emit white light include a blue LED pump, the proportion of blue light in the spectrum is 
not significantly higher for LEDs than it is for any other light source at the same correlated color temperature (CCT).” 
(Department of Energy).

For more details follow the link for the U.S. Department of Energy: http://apps1.eere.energy.gov/buildings/
publications/pdfs/ssl/opticalsafety_fact-sheet.pdf.

Item Result: Risk Group

Actinic UV Exempt

Near-UV Exempt

Retinal Blue Light Exempt

Retinal Blue SmallScr Exempt

Retinal thermal Exempt

Infrared Eye Exempt

 
Table 10. Ingress protection – IP rating, humidity and condensation photobiological safety.

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/opticalsafety_fact-sheet.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/opticalsafety_fact-sheet.pdf
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System disposal

We recommend that the Fortimo LED modules and its components are disposed of in an appropriate way 
at the end of their (economic) lifetime. The modules are in effect normal pieces of electronic equipment 
containing components that are currently not considered to be harmful to the environment. We, 
therefore, recommend that these parts are disposed of as normal electronic waste, in accordance with 
local regulations.

Relevant standards

Safety

UL8750/ CSA C22.2LED modules for general lighting

  - safety specifications

IEC 62471 Photobiological safety of lamps and lamp systems

Advance Xitanium driver

UL8750/SSL 7  Lamp control gear

Electromagnetic compatibility

(Tested with LED linear modules, cables and Advance Xitanium driver).

FCC47 subpart 15 Class A Limits and methods of measurement of radio disturbance characteristics of 
electrical lighting and similar equipment.

FCC47 subpart 15 Class A Equipment for general lighting purposes – EMC  immunity requirements.

ANSI C82.77 Limits for harmonic current emissions (equipment input current <16 A per phase). 

Environmental

The product is compliant with European Directive 2002/95/EC of January 2003 on Restriction of the Use of 
Certain Hazardous Substances in Electrical and Electronic Equipment (RoHS).
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Contact details and
suggested suppliers

Advance Fortimo LED linear systems

Product information www.signify.com/ledmodules

Or contact your local Signify sales representative.

Advance PInS ESD support

The Advance corporate EMC competence center is a leading provider of approbation and consultancy ser-
vices.

The following are suggestions of products that can be used with the Advance Fortimo LED linear system. 
Reference to these products does not constitute their endorsement by Advance. Advance makes no war-
ranties regarding these products and assumes no legal liability or responsibility for loss or damage resulting 
from the use of the information herein.

www.innovationservices.Advance.com/US

Phone: +31 (0) 40 27 46214

+1 978-809-0483 (East coast)

+1 415-497-7939 (West coast)

ESD-related material and tool suppliers

Amcatron Technology Co. Ltd. www.amcatron.com 

Botron Company Inc. www.botron.com 

Desco www.desco.com

Static Solutions Inc www.staticsolutions.com
 

Complementary partners - mechanical

BJB USA 
BJB Electric L.P. 
6375 Alabama Highway 
Ringgold, GA 30736 
USA

Telephone (706) 965-2526 
Telefax (706) 965-2528 
sales@bjb.com 
www.bjb.com

Table 11. ESD-related material and tool suppliers.
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Appendix A: Fluorecent tube reference table

840 W mm ft lm lm/ft lm/W Tcold

TL5 HE 14 549 2.0 1350 691 96 @35 °C

TL5 HE 21 849 3.0 2100 695 100 @35 °C

TL5 HE 28 1149 4.1 2900 709 104 @35 °C

TL5 HE 35 1449 5.2 3650 708 104 @35 °C

TL5 HO 24 549 2.0 1950 998 89 @35 °C

TL5 HO 39 849 3.0 3500 1158 92 @35 °C

TL5 HO 54 1149 4.1 5000 1223 93 @35 °C

TL5 HO 49 1449 5.2 4900 950 99 @35 °C

TL5 HO 80 1449 5.2 7000 1357 88 @35 °C

TL8 14 375 1.3 860 644 61 @25 °C

TL8 15 437 1.6 1000 643 67 @25 °C

TL8 18 590 2.1 1350 643 75 @25 °C

TL8 30 895 3.2 2400 754 80 @25 °C

TL8 23 970 3.5 2050 594 89 @25 °C

TL8 36 970 3.5 3100 898 86 @25 °C

TL8 38 1047 3.7 3350 899 88 @25 °C

TL8 36 1199 4.3 3350 785 93 @25 °C

TL8 58 1500 5.3 5200 974 90 @25 °C

TL8 70 1764 6.3 6200 988 89 @25 °C

PL-L 18 220 0.8 1200 1533 75 @25 °C

PL-L 24 315 1.1 1800 1606 82 @25 °C

PL-L 36 410 1.5 2900 1988 90 @25 °C

PL-L 40 535 1.9 3500 1838 87 @25 °C

PL-L 55 535 1.9 4800 2521 87 @25 °C

PL-L 80 565 2.0 6000 2984 75 @25 °C

Table 12. Fluorecent tube reference table.

Data gathered from Advance datasheets, available on several websites.

Appendix
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Appendix B: Example wiring schematic

Example: replace 2x 58 W TL-D (or 2x 49 W T5-HO)

Typical specs

• Batten, 5 ft long luminaire

• 5200 lm per lamp, 1040 lm/ft and 90 lm/W

• 10 ft summarized total tube length, 10,400 lm from lamps

Looking into the conversion table, we suggest the following:

• Item 1a, at nominal drive current LED strip 1100 lm/ft

The LED Linear System Overview is a matrix of LED drivers and linear LED modules released as a system. It 
shows how many Fortimo LED modules can be used in combination with a specific Xitanium LED driver. This 
document gets frequently updated and can be downloaded at www.signify.com/oemna.

• For LV2, let’s choose building block Strip 1100 lm/ft LV. You require 2x 1 ft and  
  4x 2 ft of these LED strip modules.

For controllability it is possible to select Dali, 0-10V or non-dimmable.

Feel free to explore other combinations and settings as well.

LV Scenario Strip 2x 1 ft 1100 lm & 4x 2 ft 2200  lm LV2 Spec Fits Driver Window? 75 W

Idrive = Inom x # boards drive = 0.200 A x 2 + 0.400 A x 4 = 2 A. Rset2 
= 27,000 Ω

Iout = 0.7..2 A = ok

Vdrive = Vf Vdrive = 34 V Vout = 27..54 V = ok

Power = Idrive x Vdrive Power = 68 W (@11,000 lm & 162 lm/W) Pout = 21..75 W = ok

Table 13. Combination of strip 1ft 1100 lm LV with strip 2 ft 2200  lm LV.

Figure 79. Chain of LED modules.
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© 2020 Signify Holding. All rights reserved. The information provided herein 
is subject to change, without notice. This document is not an official testing 
certificate and cannot be used or construed as a document authorizing or 
otherwise supporting an official release of a product incorporating a component 
supplied by Signify. The user of this document remains at all times responsible 
for any and all required testing and approbation prior to the manufacture 
and sale of such product and Signify disclaims any liability in reliance thereof. 
Recommendations and other advice contained herein are provided by Signify on 
an “as is” basis, at the user’s sole risk and expense. Signify expressly disclaims 
any warranties whatsoever as to the accuracy, completeness, reliability, content 
and/or quality of any recommendations and other advice contained in this 
document, whether express or implied including, without limitation, any warranties 
of satisfactory quality, fitness for a particular purpose or noninfringement. 
Specifically mentioned products, materials and/or tools from third parties are 
only indicative and reference to these products, materials and/or tools does not 
necessarily mean they are endorsed by Signify. If Philips branded products add: 
Philips and the Philips Shield Emblem are registered trademarks of Koninklijke Philips 
N.V. All other trademarks are owned by Signify Holding or their respective owners.
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