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Abstract
SMT LEDs have became more and more popular in video wall and signage applications,
replacing radial LEDs. This leads to more difficulties during the repair or replacement of
failed LEDs on PCBs, especially for QFN (Quad Flat No-lead) packages, as there is no
exposed lead. This application note provides basic information on how to rework the SMT
LEDs in video wall and signage applications. The described procedure is suitable for all
SMT LEDs. Furthermore examples of helpful material and suitable equipments are given.
The fully rework process is presented and described with the ERSA Hybrid Rework System
HR 100, as an exemplary suitable equipment. Furthermore details on the used materials are
given. Finally, the test results of the LED after the rework process are presented, showing
that in this case the rework procedure did not cause any damage to the LED itself.
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A. Rework of QFN packages
In the application field of video walls and signage application, rework is a must,
as there are thousands of LEDs per board and even one failed LED will affect the
performance. The traditional soldering irons cannot be used for the rework of
SMT devices. Furthermore, with the requirement for a decreasing pixel pitch, the
rework becomes more challenging due to the small pitch. This is especially true
in the field, as there is no pick and place machine or reflow oven available. To
overcome this problem a proper rework procedure is required.
As manual rework today is almost exclusively applied for the manufacture of
prototypes and for the repair of production components, quality assurance
represents the greatest challenge. Using manual rework, the quality is essentially
influenced and determined by the solder materials and the equipment. Additional
factors are the experience and ability of the operator and continuous process
control. It is therefore recommended to only carry out the manual rework with an
appropriate equipment.

B. Important influencing factors for SMT LED rework and their implications
To achieve a good rework result, certain influencing factors should be
considered. The most influencing factor is the solder paste used. In addition, the
solder temperature and the type of rework station are discussed.
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Solder paste
The type of the solder paste used represents the most important parameter and
has a decisive influence on the entire rework process. Generally, the following
two types of solder paste can be used:
•

Lead-free solder paste

•

Lead containing paste

Manual soldering is a key step in the entire rework process. In principle, it is more
difficult with a lead-free solder, than with a lead-containing solder.
The essential differences between lead-free and tin-lead solder compounds are
first of all, the higher melting temperatures for lead-free solders (up to 40 °C
higher than tin-lead compounds, depending on the solder used). This
characteristic causes high potential risk of overheating the LED itself during
manual soldering. In addition, the wetting characteristics of lead-free solders are
poorer. This means that the time required for wetting the solder joints increases
and the lead-free solder takes longer to spread.
Based on the composition of the solder and the associated properties such as
solder temperature, wetting and oxidation characteristics etcetera, a certain
process window for the soldering process is predefined.
The higher melting point of the lead-free solder leads to a smaller solder
processing window in comparison to that of the lead-containing solder. The size
of the window is determined by the melting temperature of the solder and the
maximum allowable temperature for processing LEDs (Figure 1).
Figure 1: Side by side comparison of the process windows of a lead-containing and a
lead-free solder
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The flux material in the solder paste also plays an important role for the manual
solder process. The flux material is relevant to the solder process in two ways.
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Firstly, it dissolves the oxidation layer on the surfaces by temperature heating
and also prevents the new oxidation of the solder before and during the soldering
process. Secondly, the flux material simultaneously reduces the surface tension
of the flowing solder, which provides better wetting and flowing properties.
In general, it must be considered that by using flux materials smoke gases may
arise, which represent a health hazard (depending on the type of flux material).
Regardless of this, it is generally recommended to provide sufficient ventilation
or to use an exhaust fan, especially for longer periods of work.
Solder temperature
It is recommended to use the lowest temperature possible, depending on the
solder paste. With an increase in temperature, the wetting time for lead-free
solder can indeed be reduced, however this can damage certain types of heat
sensitive components such as the LED. For LEDs the maximum solder
temperature allowed should always be observed, see the LED data sheet.
Since the melting point of lead-free solder is around 40 °C higher than the
melting point of typical tin-lead compounds, the temperature of the heating
system must therefore be set higher as a consequence. To avoid overheating, it
becomes very important and challenging to control the heat which is transferred
to the LED.
Type of rework stations
During the days of tin-lead alloys, where SMDs were externally leaded devices,
the required rework and repair of such components could be undertaken without
too much difficulty. The process control requirements for most devices were not
particularly high. However, since the introduction of Quad Flat No-lead (QFN)
components and lead-free solder paste, the rules for rework have changed
completely. Non-contact heating technologies are the only option for replacing
such components.
The requirements of a rework station for QFN components are higher than for
other component designs. As an LED is a heat sensitive device, any overheating
or improper ramp up or ramp down gradients all run at a high risk of destroying
or causing pre-damage to the inner structure of the LED. This results in further
challenges for the rework station. A suitable station for LED rework should have
an excellent temperature control system, which can program and monitor the
maximum temperature and also the ramp gradient. As most LEDs are very light
it is also important that the rework station does not blow away the neighboring
LEDs during rework. For safe resoldering of the LEDs, as specified by IPC1,
suitable equipment which can control the temperature and the ramp gradient is
very important.
1. IPC/JEDEC J-STD-020 is an Industry Standard which identifies the classification level
of surface-mount devices (SMDs) that are sensitive to moisture-induced stress, so that
they can be properly packaged, stored, and handled to avoid damage during assembly,
solder reflow attachment and/or repair operations. It specifies a maximum ramp up
gradient of 3 °C/sec and a maximum ramp down gradient of 6 °C/sec.
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Currently there are two main rework station concepts for non-contact heating
technologies:
•

Hot air heat system

•

Infrared heating system

Both technologies, hot air and medium wavelength infrared, have their strengths
and weaknesses, depending on the application.
Hot air heat system. The hot air heat system bundles the heat energy more
strongly via the hot air nozzle and thus achieves somewhat faster cycle times.
However, in this case the problem of unintentional overheating and blowing
away an adjacent LED during rework can occur. Using hot air one can achieve
high temperature gradients of up to 10 °C/s and more. Such gradients are
permitted if the component to be desoldered is already defective and if no
smaller, neighboring components can be overheated in the process of removal.
However, this method is not suitable for LED rework.
The heat transferred to the LED is controlled by the hot air temperature and the
air flow power. Due to the distance from the nozzle to the LED surface, together
with the holding angle, major deviations from the actual temperature setting (up
to 50 °C) can occur. In combination with the higher melting temperature of leadfree solder the risk of overheating increases, which may damage the LED.
In addition to overheating the LEDs, the air flow during the heating up may blow
away the LEDs close to the target point (Figure 2). Especially for clustered LEDs
with a small gap between the individual LEDs the risk of blowing away the other
LED is enhanced.
Figure 2: Hot air heating system
Hot Air
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PCB

0.5 mm (For example: Distance between two LEDs)

Infrared heating system. The infrared heating system uses medium wavelength infrared radiation instead of hot air for the rework process (Figure 3). The
infrared radiation creates uniform heat distribution through the LED package.
The homogeneous heat radiation paired with gentle but concentrated
convection provides a good mix for efficient rework soldering. With this heating
system components can be heated safely and quickly while neighboring
components remain protected from overheating. As this system does not use
hot flowing air, the LEDs are also protected from being blown away. Compared
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to the hot air heating systems, the surface area size of the radiation is quite small.
Therefore, it provides ideal conditions for the small surfaces of modern QFN
LEDs. The heat temperature transferred can be controlled by the IR radiation
power. Moreover, it is possible to monitor the temperature with this technology.
It is characterized as a slower and safer process compared to the hot air heat
system.
Figure 3: Infrared heating system
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C. Example of suitable equipment and a rework process
For the rework process study described, the following list of materials and
equipment was used:
•

ERSA HR100 Rework Station

•

SMT LEDs

•

Test PCB

•

HERAEUS solder paste

•

Tweezer

•

Desolder wick

•

Soldering iron

The example is a SMT QFN LED, which has a footprint of 2.7 mm x 2.1 mm and
an LED foot height of 0.9 mm. For the example three LEDs were assembled with
a distance of around 0.5 mm between two LEDs (Figure 4). This arrangement
would be used, for example, for a one pixel implementation of three LEDs (RGB)
in video wall applications. Such a small pitch enhances the difficulties of the
rework and the non-contact heating system is the only solution for this device.
Figure 4: Assembled LEDs for one pixel
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In this study the ERSA Hybrid Rework System HR 100 (Figure 5) is used. It is an
IR heating system with a very flexible, temperature controllable, low-cost
solution for both beginners and advanced operators. The system combines
infrared and convection heating in a hand-held device for the safe soldering and
desoldering of densely packed SMDs. IR radiation heat transfer is combined and
enhanced via a precise amount of hot air. This hybrid tool can heat the LED
uniformly, safely and quickly, whilst neighboring LEDs remain protected from
overheating and blowing away.
Figure 5: ERSA HR100 rework station

A powerful and highly reactive 800 W infrared bottom heating plate guarantees
a safe, bottom side, closed loop heating of the assembly during rework. This
additional power from the bottom provides uniform heat distribution of the base
of the PCB, which enhances the top heating performance.
The most important reason for choosing this equipment is the closed loop
temperature-controlled system. The HR 100 can run a process and document
this completely via the IR software and PC interface (Figure 6). This equipment
provides individual parameter settings and ramp-guided temperature profiles,
which offers a safe rework process for LEDs.
Figure 6: HR100 software interface

In order to evaluate the heat transferred to the target LED and also to the
neighboring LEDs, a thermal camera was used to capture the temperature of the
LEDs during heating up.
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Figure 7 shows the LED heating process with the HR 100 rework station and the
thermo couples to control the temperature.
Figure 7: Heat LED with HR100 rework station

The results of the temperature control test performed are shown in Figure 8.
Heating up the target LED to 279 °C led to temperatures of the adjacent LEDs
below the liquid temperature of the solder paste (in this case 217 °C). This shows
that the rework procedure with this equipment did not damage the adjacent
LEDs.
Figure 8: Thermal Image of LED during heating

For video wall applications an IC (integrated circuit) component is normally
placed on the bottom side of the PCB. Therefore, it is necessary to measure the
temperature of the bottom side to ensure that there is no damage to the IC during
the rework process. During this test, three thermo couples were mounted on the
bottom side (Figure 9) for temperature monitoring. Based on the results, the
maximum temperature during the whole rework procedure was 170 °C. This
maximum temperature was measured directly below the top heating spot, while
the neighboring temperature was just around 70 °C. In the system investigated
there is no indication that the components on the bottom side of the PCB will be
damaged during this rework process. However, since the thermal mass of the
PCB is an important factor, this should be validated for the individual boards
used.
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Figure 9: Thermo couples on PCB bottom side
Point under the heating spot
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73 °C
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The rework process
The rework process described includes the following steps:
•

Desoldering the defective LED from the PCB

•

Removing the solder from the PCB pad

•

Adding new solder paste to the PCB pad

•

Placing a new LED on the PCB pad

•

Resoldering the new LED on the PCB

In this study a PCB1 with a small LED pitch arrangement of LEDs (Figure 10) was
selected. The LED pitch was 10 mm with an LED to LED intra pitch distance of
~3 mm.

10 mm

Figure 10: Sketch of section of a PCB with small LED pitch arrangement

3 mm

0.9 mm

10 mm

1. PCB material: 1.6 mm FR4; LED soldered with SAC 305 solder paste
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Step 1: Desoldering the defective LED from the PCB
First of all, the desolder profile needs to be set. According to the IPC standard,
the ramp up gradient should be no more than 3 °C/sec. In the IR software of the
ERSA HR 100 it is possible to obtain the profile based on the input parameters.
The key parameters are:
1.

TL: Liquid temperature of the solder paste

2.

Fan: The power level of the air flow (set lower to avoid blowing away the
LEDs)

3.

Energy level: The bottom heating level

4.

Working level: The distance between the LED surface and the heating
nozzle tip during desoldering.

5.

Mode: Ramp up gradient

Figure 11 shows the desolder profile used. In this profile the maximum
temperature was set to 230°C with a ramp up of 2.5 °C/s. The fan was set to 1
to minimize the airflow and the bottom heating level was set to 2 to avoid
overheating of the bottom components.
Figure 11: De-solder profile

After completing the settings, the defective LED was placed under the heating
nozzle (Figure 12) and the desolder profile was activated. Once the temperature
reached the liquid temperature of the solder paste (217 °C for lead-free solder
paste) the LED was removed with a metal tweezer. As the LED gap within one
pixel is so small, it is recommended to remove the three LEDs in one pixel
together.
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Figure 12: Desoldering process

Step 2: Removing the solder from the PCB pad
It is recommended to remove the remaining solder from the pad after
desoldering for better resoldering later. With the help of a desolder wick and an
iron it is possible to remove the solder, receiving a flat and clean solder pad.
Therefore, the desolder wick was placed on top of the pad and was heated with
the iron on the wire. As the solder was melted, the iron was moved slightly to
remove the remaining solder (Figure 13).
Figure 13: Removing the remaining solder with a desolder wick
Desolder wick

Step 3: Adding new solder paste to the PCB pad
After removing the remaining solder from the pad, new solder paste must be
added for further resoldering. A manual paste dispenser was used for manually
adding the paste (Figure 14). There is no special requirement for the manual
dispenser. It should just ensure a good dispense performance. In this test, a
nozzle with 0.2 mm inner diameter was selected and HERAEUS
F640 SA30C5-89-M3 solder paste was used.
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Figure 14: Manual dispensation of the paste on the pad

A test was performed to check the proper vacuum setting according to the paste
volume dispensed. This may differ between different paste types. Normally the
vacuum needs to be adjusted to control the paste height to be around 0.1 mm.
Step 4: Placing a new LED on the PCB pad
After the solder paste was dispensed, a functioning LED was placed on the pad.
In this step the LED can be placed manually by using a tweezer to hold the LED
body (Figure 15). Holding the LED with the tweezer at the lens should be
avoided.
Figure 15: Manual mounting of the LED on the PCB pad

Step 5: Resoldering the new LED on the PCB pad
First of all the resolder profile must be set. The key parameters are similar to the
desolder profile settings mentioned previously. In the resolder profile the
maximum temperature was set to 230 °C with a ramp up of 2.5 °C/s. The fan was
set to 1 to minimize the airflow and the bottom side heating level was set to 2 to
avoid overheating of the bottom components. However, to get a better solder
joint a duration of around 10 s at the peak temperature was programmed.
After setting up the resolder profile, the LED was placed under the heating nozzle
(Figure 16) and the resolder profile was activated. The machine runs the profile
automatically. Once the cool down was finished, the PCB was removed from the
work station and the resoldering process was complete.
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Figure 16: Resoldering using PCB with potting material

Note: As potting is common in outdoor video wall applications, an additional test
using a PCB with potting material on top was performed to check whether the
heating method destroys the potting glue. Before desoldering, the potting glue
near the target LEDs had to be cut off with a knife, before following the above
rework procedure. According to the test, the potting material was still able to
recover well after cooling down (Figure 17).
Figure 17: No damage to the potting material after rework

Rework performance check
In order to verify whether the LED received any minor damage during the
resolder process, a performance check is recommended. Here, the check was
performed under the following conditions: T = 25°C and IF = 20 mA.
During the test we performed, the bare LEDs were measured before the rework
procedure. Then the same LEDs were measured again after the rework process
to check whether the rework procedure caused any damage to the LEDs.
Thereby, the following three parameters were checked:
•

Solder void performance

•

Optical performance

•

Electrical performance

Check 1: Solder void performance

2020-02-27 | Document No.: AN121

13 / 17

www.osram-os.com

X-ray inspections were performed to check the solder void performance. Based
on the X-ray results, the void performance after IR rework is similar to that of the
standard SMT assembly process (Figure 18).
Figure 18: X-ray inspection result

Standard SMT
assembly process

IR Rework

Check 2: Optical performance
4 PCBs were tested to check the optical performance. Main optical
characteristics such as the luminous intensity, chromaticity coordinate and view
angle were measured. Comparing the results of the optical performance test for
the LEDs before and after the rework procedure, only minor differences between
both groups were observed (Figure 19).
Figure 19: Luminous intensity comparison
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Check 3: Electrical performance
To compare the electrical performance the VF parameter was checked, which is
the main electrical characteristic for LEDs. Based on the results only a minor
difference was observed between the data measured before and after the rework
process, being within the machine tolerance (Figure 20).
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Figure 20: VF comparison
Average VF Comparison
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According to the rework performance check above, there are no significant
optical and electrical characteristic changes caused by the rework procedure.
Thus, this rework study provides an example of a successful and safe rework
process for SMDs.

D. Summary
Today’s technical requirements for a compact bench top rework system can be
divided into three groups: “absolutely essential”, “highly practical” and “nice to
have but not essential”.
The requirements for “absolutely essential” include:
•

Fast rework cycle

•

Low cost of system

•

Small size

The requirements for “highly practical” are:
•

Process stability and repeatability

•

Simple operation

•

Simple operator training

The “nice to have but not essential” requirements include:
•

Software support

•

Use of temperature profiles

•

Documentation and traceability

The rework procedure in this application note fulfills the requirements mentioned
above.
The temperature controllable characteristics are most important for temperature
sensitive devices, such as LEDs. The rework procedure described can also be
used for other LEDs in other applications. However, it must be considered that
the heat transfer is related to different rework stations, PCB materials, size and
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many other factors. Therefore, for each rework procedure setup it is
recommended to test the rework process first and to measure the LED surface
temperature by thermo couples to ensure that the process is suitable.

E. Normative documents
•

IPC/JEDEC J-STD-020 Moisture/Reflow Sensitivity Classification for Nonhermetic Solid State Surface Mount Devices

•

J-STD-033 Handling, Packing, Shipping and Use of Moisture/Reflow
Sensitive Surface Mount Devices

•

J-STD-075 Classification of Non-IC Electronic Components for Assembly
Processes

•

IPC-7711 Rework of Electronic Assemblies

•

IPC-7721 Repair and Modification of Printed Boards and Electronic
Assemblies

•

JESD625 Requirements for Handling Electrostatic Discharge Sensitive
Devices (ESDS)
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