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Abstract 
 

Advanced Packaging and especially Flip Chip Assembly has an increased importance in modern 
microelectronics industry. Flip Chip and miniaturized packaging is being implemented in volume 
productions in consumer products in mobile telecommunication as well as in advanced high end 
automotive and aerospace industry. One additional aspect  which goes with the miniaturization is the 
implementation of new substrates and especially low cost flexible substrates for 3D – packaging in this 
industry. One main requirement is infrastructure for bumping. There are several processes, technologies 
and companies worldwide proving this infrastructure. 
In the equipment field, the majority of today’s Flip Chip Bonders is derived from modified SMD – 
equipment respectively from modified die bonder equipment. The majority of the Flip Chip Assembly 
Processes are based on soldering, however adhesive attach is having a stronger and more important impact 
in Flip Chip Technology. Adhesive attach is especially interesting in applications on flexible circuits, like 
LCD drivers and smart cards. 
The methods of flip attach are all using thermal energy by either reflow convection ovens or a thermal 
based on heated tools (thermode). 
This paper shows a new approach of using laser for a selective attach of Flip Chip and SMT – type of 
components. The advantage of laser instead of direct thermal heating is given by extreme high selectivity 
and by using a localized  heat with an extremely good time control in the milisecond range.  
In contrast to infrared ovens where the assembly process takes minutes and to thermodes where the 
assembly process is taking seconds, the laser attach allows selective assembly process with a duration of 
milliseconds. By this, the thermal stress induced in the package and on the substrate is minimized 
allowing implementation of new substrates and new IC’s which are thermally more sensitive.  
This paper will show applications of Laser Flip Chip Attach for Soldering and for Adhesive Curing of 
underfill material, ACF and NCF or NCP – materials. The Laser Soldering allows processing of a high 
variety of solder alloys including eutectic tin lead, lead free SnAgCu and SnAg  together with AuSn.  
The paper will show applications of ACF and NCP – attach for LCD driver applications, smart cards/ 
smart labels. The tool which was developed by PacTech is the Laser Placer using a Flip Chip Attach 
LAPLACE.  
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I. Introduction  
 
The use of lasers for soldering and 
microwelding is offering technological many 
advantages compared to the standard oven 
reflow or thermode soldering/ bonding 
methods. The advantages are based on the 
laser physics which offers the possibility of 
localized heat and short laser pulses.  
Localized heat means that no or minimal 
thermal stresses are applied on the area 
outside of the bonding interface.  
A short pulse leads to a low thermal stress 
on chip and substrate, respectively on the 
interconnections because the amount of 
thermal energy provided in one laser pulse 
is transferred in a short periode of time. By 
laser, the heat is localized and the 
temperature can be applied selectively in the 
interconnection areas. It is not necessary to 
heat up a whole substrate to a reflow 
temperature in order to melt and reflow a 
small interconnection of a few mm size.  
 
One technical advantages deducted from the 
use of laser physics is one side the 
compatibility with soldering and adhesive 
processes for flip chip attach. Lasers can be 
used for both – soldering, but also adhesive 
curing. This allows shorter soldering times 
and shorter adhesive curing times, 
significantly below one second.  
Laser soldering and interconnection 
technology can also be applied for flip chip 
and resistor attach, as well as for solder 
attach. Lasers permit a high flexibility on 
substrate selections, especially allow 
bonding and soldering on low cost TG– 
substrates which can be organic or 
anorganic material, ridgid or flexible 
materials.  
 
A comparison of the soldering times and 
soldering temperatures between SMT – oven 
reflow, thermode reflow and laser soldering 
is given in Table 1.     
 

Figure 1 shows the schematics of the pulse 
time and thermal mode. 
 
Heating Time to Bonding Temperature 
 
 
 
 
 
 
 
 
 
 
 
 
A comparison of the Flip Chip Adhesive 
Joining Processes is shown in Table 2. In 
contrast to soldering, adhesive joining allows 
a significant reduction of the interconnection 
temperature. However, the disadvantage of 
adhesive joining is a stronger dependence on 
the materials, since the interconnection is 
done by the adhesive material itself. 
Generally longer processing times because 
the curing of the adhesive material must be 
calculated during the Flip Chip Assembly 
operation.  
 
 

Thermode Bonding vs 
Laser Bonding

Heating time to bonding temperature:

Laser: 0.01 - 0.1   sec   ~ msec

Thermode: 2 – 4       sec  ~     sec

Oven Reflow: 22 – 50    sec  ~     min

 
    Table 1 : Thermode Bonding vs. Laser  
     Laser Bonding  

Laser  
Thermode 

Figure1: Thermode Bonding  vs. Laser 
Bonding 
 

Heating Time to bonding temperature 
Thermode: 2 – 4 sec      Laser: 0,5-50 msec 
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Flip Chip Assembly Processes

• Adhesive joining
– ACA 150-180° C 5-20 sec

• anisotropic conductive adhesive

– ICA 50-100° C 300- 600 sec
• isotropic conductive adhesive

– NCA 150-180° C 5- 20 sec
• nonconductive adhesive

– Laser curing 150-300° C < 1 sec

 
    Table 2 : Comparison of the Flip  
    Chip Adhesive Joining Processes  
 
 
Laser Curing allows a significant reduction 
in the processing times in the range of 
milliseconds, since the temperature which 
can be induced in a short time is 
significantly higher compared to a thermode 
or oven curing.  
 
An overview on the substrate materials used 
in today’s Flip Chip applications is given in 
Table 3.  
 
 

Substrate Materials in Standard 
Flip Chip Applications

Laser soldering compatibility with rigid 
substrates

• Substrate

– FR4, BT- Epoxy, Polyimide, Ceramic, TG

– TG above 150 ° C
– most applications: rigid

• Pad metallization
– Copper coated with Ni/ Au, Sn, Au
– Thin Film : Cr/Au, Ni/Au

 
   Table 3: Substrate Materials  
 
In summary, the use for both – the Flip Chip 
Soldering and Flip Chip Laser Adhesive 
Attach is shown in Table 4. By use of laser 
physics, both – Soldering and Adhesive 
Attach can be used. The thermal energy 
applied in the interconnection is significantly 

reduced and allows the implementation of 
new low cost materials.  
In general, Laser Flip Chip Attach is 
compatible with all substrate and pad 
materials used in Flip Chip Technology 
today. Especially for flexible substrates, the 
laser attach brings advantages due to the fact 
that the interconnection is done immediately 
and in situ on the flexible substrate does 
reducing the handling issues of flexible 
SMD – reflow processes and the fixture 
assembly associated with this.  
 

Advantage of Laser Soldering
and Laser Curing

Laser Physics

• Localized heat –
no thermal stress on the areas outside 

of bonding interface
• Short laser pulse –

low thermal stress on chip/ substrate 

and interconnection

 
    Table 4: Advantage of Laser Soldering  
    and Laser Curing 
 
Table 5  summarizes of the advantages of 
laser soldering and laser physics.  
In summary, a totally reduced stress by 
lower cycle times and lower thermal energy 
is possible with laser attach.  
 

Technical Advantages by Use of 
Laser Physics

• Compatible with soldering and
• adhesive joining (laser curing) for flip chip attach 
• Allows shorter soldering and adhesive curing times 

(below 1 second – see attached files)
• Compatible with flip chip and resistor/ capacitor attach
• Flexibility for substrate selection

- Allows bonding on low cost/ low TG flex antenna 
materials

- Allows bonding on rigid materials and a variety of
metallizations

- Flexibility for different substrate metallizations

 
    Table 5:Technical Advantages of Laser   
     Soldering and Laser Physics   
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II. Technical Implementation of   
    LAPLACE  
 
 
In order to take advantage of this laser 
technology, PacTech has developed a new 
Flip Chip Bonder in which the laser is 
integrated in the bond head. The process 
flow of this new LAPLACE process is 
shown in Figure 2.  
 

Process Flow LAPLACE

Underfill/ 
ACF/NCP 
Dispense

Underfill/ 
ACF/NCP 
Dispense

LAPLACE
Flip Cip Laserbonding
and Underfill Precure

LAPLACE
Flip Cip Laserbonding
and Underfill Precure

Underfill PostcureUnderfill Postcure

BUMPINGBUMPING

 
    Figure 2: Process Flow LAPLACE  
 
With regard to the bumping processes 
required for the LAPLACE interconnection, 
the technology is compatible with all 
standard processes used in industry today. 
Of course, basically, LAPLACE requires 
bumped dies or bumped substrates, parallel 
to other processes. An overview of the 
bumping requirements is given in Figure 3. 
 

Bumping requirements

• Laplace requires bumped dice
• Compatible with all bump types
• Electroplated Gold
• Stud Au-Bump (TS wire Bond)
• Low Cost Electroless Ni/Au
• Solder bump
• M2 Bump

 
    Figure 3: Bumping Requirements 
 

A  very favourable combination of Laser 
Flip Chip Assembly on flex circuits is the 
solder capped maskless meniscus bump. 
Figure 4 shows an image of these low cost 
bumps produced with an electroless NiAu 
UBM and a solder cap of eutectic, tin lead, 
lead free solder or AuSn.  
The small solder cap on these bumps allows 
on the substrates size an elimination on the 
solder mask and with this, a significant 
reduction of substrate cost.  

Maskless Meniscus Bump

Solder: eutectic Pb/Sn
Pitch: 100 µm

 
Figure 4: Maskless Meniscus Bump 
 
The process flow of LAPLACE  is shown in 
Figure 5. Integrated in the LAPLACE 
system is a dispenser which can be used for 
the dispense of an underfill (e. g., no flow 
underfill) or a flux for soldering processes.  
For adhesive joining processes, the dispense 
of the anisotropic conductive paste or non – 
conductive paste (NCP) is possible. Prior to 
dispensing, optionally an preheating stage 
can be integrated in the tool in order to 
remove humidity from the substrate and 
avoid additional voids in the underfill by 
release of humidity during the Flip Chip 
attach and curing.  
 
The chips can be picked from waffle packs 
or from a direct die feeder using the sawing 
foil. In the bonding tool which picks the chip 
by use of vacuum, a special laser optics is 
integrated. This laser optics is heating the 
Silicon die from the back side and is 
inducing the thermal energy into the 
interconnection to be bonded or into the 
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adhesive by curing it. Thus  the laser is used 
for the soldering process on one side, but 
also for the curing of the adhesive underfill 
material or ACF, NCP – material.  
First tests have also been done with 
conductive adhesives showing the laser can 
also be used for the curing of the conductive 
material by in situ curing.  
 
 

Process Flow LAPLACE - part 1

 
    Figure 5: Process Flow LAPLACE  
 
  
Figure 6  shows one of the basic versions of 
the LAPLACE system with integrated reel – 
to – reel tool for 35 mm tape and laser class 
1 enclosures.  
 
 

Pac Tech Reel-To-Reel-System

 
     Figure 6: Reel-To-Reel-System  
 
 
 
 

III Applications  
 
The applications of LAPLACE  today are 
mainly in the field of flexible circuits on 
smart cards and smart labels. Figure 7 
shows an application of smart label Flip 
Chip attach directly on etched antenna and 
PVC substrate.  
 

Flip chip on coil for contactless smart cards

Substrate handling: sheet to sheet
Assembly: Laplace ACF attach

 
 
    Figure 7: Flip Chip on Coil  
 
Alternatively to the attach of the IC’s 
directly on the antenna, the assembly can be 
done on Modules which are subsequently 
attached onto the antenna. The module 
attach allows a higher flexibility in the 
selection of the materials for the antenna in 
smart cards and smart labels.  
 
Figure 8 shows different layouts of modules 
for the smart card attach.  
 

Flip Chip Modules for contactless Smart Cards

Substrate handling: reel to reel

Assembly: Laplace  soldering Flip chip  attach

 
     Figure 8:  Smart Card Module 
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Alternatively to the attach of the IC, the laser 
soldering can be used for selective attach of 
wires on bumped dies for coils. Figure 9 
shows an application of wire attach using 
laser micro joining and welding technology.  
 

LAPLACE - Fluxless laser soldering

for optoelectronic applications

 
 
    Figure 9 a: Fluxless Laser Soldering 
 

LAPLACE – Laser attach of 
polymer coated wire (coil)

Laser attach 

Polymer coated

Copper coil on Ni/ Au

Pull - test

Optimal adhesion 

100% wire break

227 LAP 
    
     Figure 9 b: Application of Wire Attach  
 
The laser LAPLACE tool can be used with 
an adapted handling and pick – and – place 
tool as well for the attach of small SMD 
components, like resistors and capacitors 
onto the flex. In flex circuits for many 
consumer products, the attach of the 
capacitors and resistors is an issue and 
requires special fixtures. By use of laser 
attach, the problem of the fixture is 
eliminated since the components are fixed 
and contacted by soldering or adhesive 

curing directly to the substrate during and 
with the short pulse.  
 
Figure 10 shows the capacitor attach using 
LAPLACE tool.  
 
 

LAPLACE Capacitor Attach on Flexible Circuit

Reel to Reel Processing with integrated FC-Attach

 
        Figure 10: Capacitor Attach  
 
A new application with a LAPLACE 
bonding head using a high accuracy and a 
high bonding pressure is the LCD IC - 
attach. Figure 11 shows bumped circuits 
attached with LAPLACE by using ACF and 
NCP as interconnection technology. For this, 
the placement accuracy of the new bonding 
tool is ± 3.5µm.  
The main benefit in the interconnection 
presented here, is the combination of 
LAPLACE  with the low cost electroless 
NiAu bumps in a pitch of 50µm.  
 

Flip-Chip-Laserbonder
LAPLACE – High Precision

Application: LCD Driver

ACF

NCP

 
 
    Figure 11 a: Flip Chip Laser Bonder 
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Overview NCP Assembly with LAPLACE

 
    Figure 11b : NCP - Assembly with  
    LAPLACE 
 
LAPLACE can also be used as a normal 
reflow bonding tool with in situ reflow. 
Figure 12 shows a SMD – type of 
application for biomedical implants in which 
LAPLACE is used for standard Flip Chip 
Solder Joint in combination with a fluxless 
soldering technique.  
 
 

Flip Chip on FR4 
Medical Application

Panel Magnification 100 x

 
    
    Figure 12 :Application for Biomedical 
    Implants  
 
Figure 13 shows the cross sections obtained 
by this standard soldering interconnection 
with LAPLACE.  
 
 

Cross Section of Flip Chip Solder Contact

146 REL 
     Figure 13: Cross Sections  
 
IV Summary 
 
A new bonding method using a laser heated 
tool was developed. The advantages of laser 
physics have been discussed and 
demonstrated in the prototype and 
production tool.  
Applications based on smart cards on 
flexible circuits, LCD drivers and high end 
flexible circuits, but also on rigid substrate 
have been demonstrated.  
In principle, it could be shown that 
LAPLACE is compatible with all types of 
Flip Chip interconnections which are state of 
the art in industry today.  
 
Figure 14 shows an overview of all the Flip 
Chip interconnection technologies which are 
compatible with laser joining technology and 
supported by laser technology. 
 

Low Cost Flip Chip –

Electroless Ni/Au Bump

Leadfree Soldering Anistropic Adhesive

Conductive Adhesive Nonconductive Adhesive

185  
     Figure 14: Low Cost Flip Chip 
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