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Advanced laser manufacturing
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eLaser welding
eLaser cutting
eLaser cladding
eLaser sintering
eLaser drilling

How To Use Laser?
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High power optoelectronics
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eLaser device

*Ps Laser

*Diode Laser
*Fiber Laser

How To Produce Laser?
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Laser micro/nano processing
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*Micro sintering
*Micro STL

*Nano structuring

Bio-optronics
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Micro-technology

“The Micro World”
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10°m&, 1,000 nanometers = 1 micrometer (mm)
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2~ Microwelding in electronic device
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Pb dose great harm to human health.
N N B G

America: <H.R.2922>, <S.391>, <H.R.3554> etc.

Japan: <The Japanese Home Electronics Recycling Law>.

Europe: <WEEE>, <RoHS>, etc.

China: Ministry of Information Industry regulation: the national key supervision
within the directory of the electronic products can't contain lead and other
harmful substances since July 1st, 2006 .

= Legislations: elimination of lead from electronic solders.

4

Find suitable lead-free substitutes.

New challenges: material, technology, equipment, detection.
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* Lead-free solders Ic & £ 8}

sSn-Ag-Cu, Sn-Cu, Sn-Ag, Sn-Zn, Sn-Zn-Bi, Sn-Ag-Bi, etc.

sCommon faults compared with Sn-Pb solder: short life,
store in low temperature (0-10°C), high melting temperature,

low density, high cost, etc.7F a4 ARIRAEFE I miE
AR AT

Laser welding directly?




AL aser welding without solder

Computer > Controller card
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Flat field lens |
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Package Type Chip Type PinCount Lead width
/mm
SOP LM324 14 0.36-0.61
SSOP HT1621 48 0.203-0.305
QFP HT16512 44 0.30

Lead pitch

BEIING UNIVERSITY OF TECHNOLOGY

Lead

Laser

CusSns

Pad

Lead length Lead thickness
/mm /mm
0.40-1.27 0.2
0.635-0.889

0.1

0.73-0.93 0.20



* Laser soldering parametersBOtEF 42
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Laser power: 10-20W,
Scan speed: 10-50 mm/s;
Pulse repetition frequency: 20-80 kHz;

Welding path
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18 W, 20 mm/s, 20 kHz
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Laser welding microchip without solder

ToEFERRO AR #2500

= Firstly it will remove solder and screen printing process, which
can greatly lower the cost.

= Secondly superfine lead laser soldering will get rid of the limits
of printing technology. It can make the lead width less than
0.1mm rather than generating bridge defect.

= Thirdly it will be more flexible ¥
to weld chip at any position on
the PCB.

BEI

10 l‘nuq‘ . + 3
A L )
.) -~ -

'S 7 e
I; J ; I .ﬁ'
- .

e LIRS L e T .
5 LR Bt



== AP AIE

* X-ray nondestructive test

IR reflow soldering Chip put on PCB
with Sn-Pb without welding

Laser welding without
solder
Achieve solder joints between chip leads and PCB pads and not have bubble or crack defects
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* Electric property test 5 &l
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The solder joints can achieve good electric property and the chip wasn’t damaged by

laser energy.
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Tensile strength test$z {8 MR

(a)

T hooked fixture (b)

Japanese industrial standards (JIS) Z3198 about test

methods for lead-free solders, part 6: methods for ml[nl]nl]mmummm%
450° pull test of solder joints on QFP lead. ' Nep
PCB
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1klaser microweldingB B iR

= The SOP. SSOP. QFP devices have been welded to
PCB pads by laser welding without solder, and
achieved good solder joints.

= Through electric property device test, it proved the
solder joints can enforce good electric properties.

= Under the soldering parameter of 18 W, 20 mm/s, 20
kHz, the tensile strength of SOP devices reached 52
MPa (SSOP 72 MPa, QFP 57.3 MPa), which was
equal to the tensile strength of IR reflow soldering with
Sn-Pb solder.
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s RYKE (Carbon nanotubes)
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B NEEERANKE  (single-walled

carbon nanotubes--SWCNTs) 5% E#

K (Multi-walled carbon

nanotubes--MWCNTs) ,HHSWCNTs
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N6nm-200nm.
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K#REt------Hafner
KB - Kim p, H.Cheung CL,

Lieber CM. Science. :Per CM. Nature.
1999,286:2148 1999,398:761

Figure ?

otube (200 nm
in protru

a single one at
the €r'Y Figure 5. SEM images of nanotube tweezers at different applied voltages: (a) 0 V. f the nanotubes
2N 7‘K are abouy ®2V.(c)4Vand(d)>45V.
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Research on the joining of MWCNTs by different wave length laser
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EBID 5 ¥E------ Florian Banhart. Nano
Letters. 2001, No.6 329-332

Figure 1. MNanotube junction treated as described in Figure 1 but

aarnth 9 ermall demncit Mear conderremsiusr rabal

CNTs € Mi%E#------Mingsheng
Wang, Jingyun Wang, Qing
Chen, and Lian-Mao Pang. Adv
Func Mater, 2005, 15: 1825-1831.

(a) (b) (c)

100 firn

80 nm

200 nm ‘

Figure 4. TEM images showing the fabrication of bent and zigzag CNT
structures. a) Contact near the end of the two ruptured nanotube seg-
ments with a controllable angle. b) Deposition of a-C on the junction.
c) Detachment of the bent structure from the W tip. d) Construction of a
zigzag structure with two controllable bends (a straight tube was cut at
bend 1 and partly broken at bend 2). e) Deposition of a-C on the junction.

s _Fal. . *____ e

Fa il = e | al . W :



® .oH

410 T T T T LI T T T
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Temperature (°C)

1 Gas ejection
161
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Cross-linking of Functionalized CNTs Temperature {°C)

Fig. 1 - (a) Schematic of the process used to fabricate CL-CNT. The functionalized CNTs are compressed to keep them in close

contact with each other, and this is cross-linked using spark plasma sintering to form chemical bonds between the

functionalized CNTs. (b) DSC analysis of an as-pressed CNT pellet before spark plasma sintering and (c) the changes in the

vacuum pressure during spark plasma sintering of a pressed CNT pellet. The arrows indicate the peaks from ejection of gas

in cross-linking during spark plasma sintering.

Research on the joining of MWCNTs by different wave length laser
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Nano joining with Laser ¥4y ZEIR

Surfactant-free gold nanospheres of
9.3 nm dispersed in water, having an
average diameter of 13 nm The gold
nanoparticles were irradiated to weld
by using the second harmonic pulses
of 532 nm having a duration

of 30 ps from a mode-locked Nd:YAG
laser sQuantel, run at 10 Hz. The spot
diameter of the irradiation beam was
4 mm.

532nmZRE0E
30570

Courtesy of Seol Ji Kim et.

Laser-induced nanowelding of gold nanoparticles



1.Cu substrate

2. micromanupulator
with support tip

3. pulsed laser o

4. optical microscope  [ESENED

nanotips zﬁ} 2 |3
X

0 5] =)

[llustrating how to laser weld
a W18049 nanotip on to the
apex of a W microtip and the
photography of the central

part of the micro assembly
Courtesy of J.C.She et. facility.



How about Carbon nanofiber?
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Research on the joining of MWCNTSs by different wave length laser
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icture of MWCNTs

TEM photo p

Diameter is about 30-40nm

The number of wall is
about 90-100.
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Before

SEM Photo picture of MWCNTSs Joining
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After
Welding
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Research on the joining of MWCNTSs by different wave length laser
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MWCNTSs joining with laser
= 1064nm 30w 3s MWCNTs SEM
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MWCNTSs joining (TEM)
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= MWCNTs can be joined together with laser

* The laser wave length is 2064nm and
maximum time is 3 seconds with average

30W.
= A further study is under investigation
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