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Abstract 

Soldering of packaged electronic components using 

industry standard Sn-Ag-Cu (SAC) lead-free solders on 

low-cost foils, which are often the substrate of choice for 

flexible electronics, is challenging. This is mainly 

originating from the fact that the reflow temperatures of 

these solder alloys are normally higher than the maximum 

processing temperature of the low-cost flex foils. To 

enable component integration on the low-cost foils a 

novel method for soldering has been introduced by Holst 

Centre as an alternative to oven reflow, termed “photonic 

soldering”. In this method high intensity photonic flashes 

are used to deliver the thermal energy required for 

soldering. By taking advantage of the selectivity of light 

absorption, the required energy for soldering is delivered 

to the components and circuit tracks while excessive 

heating of the foils is avoided. This paper presents 

successful photonic flash soldering of packaged LED 

components on low-cost polyethylene terephthalate (PET) 

foils using conventional SAC solders as a demonstration 

of the capabilities of this novel soldering technology. 

Introduction 

Reliable integration of conventional electronic chips 

and passive components next to printed electronics on 

flexible foils enables realization of smart flexible systems 

with complex functionality [1, 2]. To reduce the cost of 

such systems, low-cost flexible foils are preferred as the 

base substrate. However, reliable bonding of components 

on low-cost foils is generally challenging, due to limited 

processing temperature range of the foils. Conductive 

adhesives with relatively low curing temperatures 

(typically 120-150 °C) are commonly used for component 

bonding on such foils [3-5]. While for a variety of 

applications conductive adhesives provide sufficient 

reliability, for more demanding applications such as 

automotive or wearables higher quality bonds are 

required. 

Soldering has been commonly used in electronic 

industry for reliable component bonding on printed circuit 

boards (PCBs). However, the melting temperature of 

industry standard solder alloys such as lead-free Sn-Ag-

Cu (SAC) is above the maximum processing temperature 

range of low-cost foils such as polyester foils, which 

renders oven solder reflow on these foils practically 

impossible. Low-temperature solder alloys with melting 

temperatures below 150 °C such as SnBi alloys can be 

used as alternatives to SAC solders; however there are 

reliability challenges associated with low-temperature 

solders which makes them  less suitable for certain 

applications [6, 7]. 

By taking advantage of the optical transparency of the 

polyester foils, it is possible to selectively heat the 

components and circuit tracks to temperatures sufficient 

for soldering using high-intensity light pulses while 

preventing excessive heating of the foils. In this method  

called “photonic soldering”, intense light pulses from a 

flash lamp illuminate the area of interest, the components 

and circuit tracks absorb the incident light energy causing 

a fast temperature increase, while the transparent foil 

passes through most of the incident light energy. The 

amount of temperature increase in a component depends 

on the heat capacity of the component and the amount of 

absorbed light by the component. As a result, components 

with different sizes, packaging materials and surface 

characteristics show different levels and time scales of 

heating with the same incident photonic energy [8, 9]. In 

order to enable soldering of a variety of component types 

on the same foil,  the illumination can be performed 

through a filtering mask which tunes the amount of 

energy delivered to each component type [10]. 

Previously, successful photonic soldering of bare-die 

thin silicon chips on flex foils have been demonstrated [8-

10]. In these experiments chips with thicknesses ranging 

from 20 to 150 μm were soldered with photonic pulse 

energies roughly ranging from 2 to 6 J/cm
2
. In each case 

the soldering energy was delivered by a single light pulse 

with a fixed duration of several milliseconds, while the 

amount of energy was varied by changing the discharge 

voltage of a xenon flash lamp.  

In photonic soldering the light energy absorbed on the 

top surface of the component needs to diffuse through the 

bulk of the component to increase the temperature of the 

components, solder paste and the contact pads to a level 

sufficient to initiate melting of the solder alloy. The 

relatively high thermal conductivity and low thermal 

capacity of the thin bare-die silicon chips, enables 

photonic flash soldering at very short time scales and 

relatively low pulse energies as reported before [8-10]. 

For packaged components, however, the mold epoxy and 

other polymers used in the packaging, normally have 

orders of magnitude lower thermal conductivity compared 

to silicon [11]. This combined with the fact that packaged 

components are generally thicker and bulkier than bare-

die chips, makes photonic soldering of such components 

more challenging. Therefore, the photonic energy 

delivery scheme needs to be adapted for such packaged 

components. 



In this paper, this technological challenge is addressed 

by focusing on photonic soldering of packaged LED 

components on low-cost flex foils. By extending the time 

scale of photonic energy delivery, packaged LEDs are 

successfully soldered on copper clad polyethylene 

terephthalate (PET) foils using a commercial lead-free 

SAC solder paste. The demonstrated technology can 

enable production of reliable low-cost large area lighting 

solutions amongst other flexible electronic systems. 

Materials and methods 

The LED components used in the experiments were 

SML-P1 PICOLED series (ROHM semiconductor) with 

1006(0402) footprint, 1.0mm×0.6mm in dimension and 

0.2mm in thickness. As shown in Fig. 1a, the wire-bonded 

silicon chip constitutes a small fraction of the packaged 

component. The chip is covered with a polymeric 

transparent lens. These LEDs were particularly selected 

for their small form factor and thin packaging, which 

makes them an interesting candidate for expanding the 

capabilities of photonic soldering. The PET flex foils 

were 50 μm in thickness, with a 13-μm-thick laminated 

copper layer using an intermediate 13-μm-thick layer of 

polyurethane (PU) laminating adhesive. The foils were 

supplied by Imec CMST, Belgium. The solder paste used 

was a lead-free Amtech NC-560-LF 96.5Sn/3.0Ag/0.5Cu 

alloy (Inventech, USA) with type 6 size and 85% solid 

content. The solder paste was applied on the copper 

circuitry by using a 25-μm-thick stainless steel stencil. 

After solder paste deposition the components were placed 

on the foils using a Dr. Tresky T3200 semiautomatic pick 

and place machine (Dr. Tresky, Switzerland). 

The equipment used for the photonic soldering 

experiments was a PulseForge 1300 xenon lamp system 

(Novacentrix, Austin, USA). In this machine a capacitor 

bank charged to an adjustable voltage of several hundred 

volts is discharged over a xenon lamp through a switch, 

generating high intensity light pulses. The switch can be 

programmed through the machine interface software in 

order to generate single pulses with certain durations or a 

train of pulses with adjustable on-off periods. The energy 

delivered by each pulse can be tuned by adjusting the 

charging voltage of the capacitor bank and the duration of 

the pulse. The actual delivered energy was measured with 

the machine’s integrated bolometer. For the experiments 

the foils were placed on the steel chuck of the machine 6 

mm bellow the protective window of the lamp. The foils 

were fixed to a glass plate using a double-sided tape to 

prevent movement due to thermal expansion which can 

cause component displacement during photonic 

exposures. After component placement, the foils were 

pre-heated in a convection oven at 95 °C for 2 minutes 

and cooled down to room temperature prior to each 

photonic exposure. This is to allow the solvent in the 

solder paste to evaporate before photonic exposure, 

otherwise the steep temperature increase within the short 

duration of a photonic pulse can cause burst evaporation 

of the solvent resulting in component displacement. 

Different time scales of energy delivery were 

investigated in the experiments, starting with our 

previously reported exposure schemes [8-10], and further 

prolonging the energy delivery time frame using pulse 

trains to improve the soldering performance for the 

packaged LED components. 

 

Figure 1. (a) Optical micrograph of the LED component. Optical 

micrographs of the contact pads, each exposed with a photonic pulse 
with 5 ms duration and 6 J/cm2 energy: (b) without the component 

placed, the applied solder paste melts completely, however, (c) with the 

component present melting of the solder paste is barely initiated. (d) 
Magnified image of the region denoted in c. 



Results and discussion 

For a successful soldering process the contact pads of 

the component and the copper circuitry should be both 

heated sufficiently to allow for proper wetting and 

intermetallic formation. The amount of energy as well as 

the time scale during which the energy is delivered, both 

play an important role in an efficient heating scheme. For 

packaged components due to orders of magnitude lower 

thermal conductivity of the packaging material compared 

to bare silicon chips and the copper circuitry, a short time 

scale for the photonic pulse will cause only superficial 

heating of the components, and before the heat can 

diffuse to the component’s bulk, it is dissipated through 

convective and radiative mechanisms.  This effect is 

demonstrated in Fig. 1 which shows the results of two 

experiments with and without a LED component using 

the same photonic pulse settings. In the experiment 

without the LED component placed (Fig. 1a) the incident 

energy is sufficient to completely melt the deposited 

solder paste. It is noteworthy that with the same pulse 

settings the energy is also sufficient to solder 150 µm-

thick bare-die silicon chips as previously 

demonstrated [10]. However, with the LED component in 

place using the same exposure, the soldering is barely 

initiated near the component (Fig. 1b&c), as a result of 

insufficient heating due to component size and low 

thermal conductivity of the packaging material as 

explained before. 

 

Figure 2. Optical micrographs of (a) the component and contact pads, 

after exposure with a photonic pulse with 5 ms duration and 7 J/cm2 

energy, and (b) copper tracks delamination and out-of-plane bending 

after exposure (top view). 

Keeping the duration of the pulse the same while 

increasing the energy of the pulse from 6 J/cm
2
 to 7 J/cm

2
 

results in increased but yet incomplete melting of the 

solder paste (Figs. 2a & 3a). As shown in Fig. 3a in the 

vicinity of the component and on the side-walls the solder 

is still not completely melted, indicating insufficient 

heating of the component, while on the adjacent copper 

tracks the same incident energy is sufficient to melt the 

solder. 

Further increasing the energy of the pulse with the 

same pulse duration is not possible due to delamination of 

the copper tracks from the foil which is already initiated 

at 7 J/cm
2
 energy (Fig. 2b). The copper delamination can 

be attributed to excessive heating and thermal degradation 

of the underlying adhesive layer as a result of the 

accumulation of thermal energy below the track 

originating from the combination of low thermal 

conductivity of the foil material with the short time scale 

of energy delivery. 

 

Figure 3. Optical micrographs at an angel of the components after 

exposure with, (a) a photonic pulse with 5 ms duration and 7 J/cm2 

energy, and (b) a modulated pulse train with 200 ms duration and 
16 J/cm2 energy. 

 In order to improve the heating dynamics, the energy 

can be delivered over a longer time frame to allow for 

sufficient time for heat diffusion, in order to avoid 

superficial over-heating. Since the light pulses are 

generated by a capacitive discharge over a xenon lamp 

extending the duration of a single pulse beyond 

approximately 10 ms is not possible, because the 

capacitor bank is almost completely depleted within this 



time frame. However, it is possible to on-off modulate the 

discharge in order to distribute the contained energy in the 

pulse over a longer time scale. The on and off periods of 

the modulated pulse can be fully adjusted in the software 

of the machine. Our experiments with different time 

scales showed that, distributing the energy over a time 

period of approximately 200 ms yields the proper heating 

dynamics for this type of foil and component. Since the 

on-off modulation introduces cooling periods in between 

consecutive pulses, the total energy of the pulse train 

should be increased to account for the dissipated energy. 

Fig. 3b shows the result of photonic soldering with a 

200 ms modulated pulse with 16 J/cm
2
 energy. It can be 

observed that the solder paste is properly melted forming 

a meniscus in this case compared to the case soldered 

with the 5 ms pulse shown in Fig. 3a. With the modulated 

pulse, no delamination of the copper tracks is observed, 

indicating that in this case proper heating dynamics 

prevents excessive heating of the adhesive layer below 

the tracks as described before.  

After photonic soldering , the functionality of the 

LEDs was not compromised and no defects were 

observed under optical microscopy inspection (Fig. 4). 

However, further investigation of the effects of high 

temperature gradients developed during photonic 

soldering across components, with different types of 

packaging, on the reliability of the components is 

required. 

 

Figure 4. Optical micrograph of a powered LED after photonic 
soldering on a PET flex foil using a 200 ms modulated pulse with 

16 J/cm2 energy. 

Conclusions 

This paper demonstrated the use of photonic soldering 

technology to integrate packaged LED components on 

copper clad low-cost PET foils. By using high intensity 

photonic pulses, it was shown that component integration 

can be accomplished using industry standard lead-free 

SAC solder alloys with a eutectic point higher than the 

maximum processing temperature of the foils.  

By adjusting the rate of energy delivery to the system, 

a heating dynamics was achieved which enables effective 

soldering of the LEDs while preventing thermal damage 

to the foils and delamination of the copper circuitry. 

Further investigation of the metallurgical properties of the 

formed bonds as well as reliability tests using humidity 

and temperature cycling is required to assess the quality 

of the photonically soldered bonds compared to that of 

other conventional methods. The efficiency of soldering 

can be further optimized and adapted for multiple 

component types by tuning the on-off periods and energy 

of the modulated pulse train assisted with relevant 

thermal simulation. Additionally, the constraints on the 

components’ dimensions and packaging types suitable for 

photonic soldering should be determined in the future. 

The presented results show the potential of photonic 

soldering as an integration method on low-cost foils using 

industry standard lead-free solder alloys providing in 

principle higher reliability than that of conductive 

adhesives and low-temperature solders in a roll-to-roll 

compatible process. 
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