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Abstract : A kind of absorptive thin film was designed and used in laser welding of SiO2 , Si and LiNbO3 . This absorptive

thin film of three2layer metal2dielect ric2metal st ructure is designed for further reducing the high reflectance of the Nd :

YA G laser beam on the surface of the tin layer that is utilized as solder between the t ransparent parent materials. The ac2
tual absorption of laser energy in experiment exceeds 99 %. This combination of absorber and solder t ransformed the laser

energy into heat efficiently and decreased the minimum necessary incident laser power t ransmitting through the t ranspar2
ent parent materials. As a result , the damage of the parent materials , which is suffered f rom laser t ransmission , was a2
voided ; On the other hand , mechanical stability of the welded materials had been improved. Experiment had been made to

show the difference between welding with and without the absorptive thin film.
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1　Int roduction

　　Laser welding is a kind of key technique in

t he field of optoelect ronic device cap sulation.

This p roved efficient technique is increasingly

applied in t he wave2guide materials such as

SiO2 , Si , SiC and LiNbO3 . Our original sugges2
tion is to joint t he LiNbO3 wave2guide and V2
groove fiber optic assembly on the surface of t he

steel subst rate. Generally , agglutination is t he

regular choice.

Actually , t he correspondingly high expan2
sion coefficient and short life span of t he adhe2
sives are the greatest drawbacks , t hough it is a

convenient technique. Tin2copper and Tin2Indi2
um joint technique is widely studied and proved

to be an effective optoelect ronic device bonding

technique[123 ] . In t hese cases , t he whole devices

were p ut into the f urnace t ube and heated to t he

temperat ure of t he melting point of the solders.

The whole p rocess lasted tens of minutes.

Cheng et al applied a nanosecond2p ulsed la2
ser lasing at 355 nm to implement glass2to2sili2
con bonding using a 4μm thick indium layer as

t he bonding material [4 ] . In t his case , t he indium

layer is deposited onto t he silicon subst rate in

advance , then p ut a pyrex glass toget her wit h

t his subst rate wit h t he indium layer between t he

two materials. Laser beam transmit s t hrough

t he glass and reach t he indium layer . Most of

t he UV laser energy is absorbed by t he indium

layer and t ransferred into heat . Given t he proper

laser energy , t he indium is melted and joint s t he

glass and silicon toget her . By using laser beam

as heating means , t he p rocess duration is drop

down to several milliseconds and t he heating are2
a is localized , which is more suitable to p recision



finishing.

However , Nd : YA G lasers lasing at 1. 06

μm are more commonly used in indust rial laser

welding. We p urposed to bond t he silica slice ,

LiNbO3 wave2guide and ot her optical compo2
nent s onto the steel or silica subst rate , using t he

commercial Nd : YA G laser lasing at 1. 06μm.

Differing f rom t he 355 nm laser beam , the 1. 06

μm laser beam suffers high reflecting on t he

mo st of t he interface of metal and dielect ric ,

which means low absorption of t he energy in

metal and t hat incident laser power could be

high. High laser power leads high risk of crack2
ing parent material as described in Fig. 1. In or2
der to avoid the waste of laser energy , t he

breakage of welded material and to improve t he

safety cont rol of operation as described in Fig. 2 ,

we int roduce a kind of absorber t hat can be used

in laser welding.

Fig. 1　High reflectance means energy lose & poten2
tial crack of parent material (A) laser intensity

vs. time ; (B) reflectance vs. time ; ( C) tem2
perature vs. time

　　Absorber is widely used in solar energy col2
lection[5 ] , inf rared and radiation absorption[627 ] ,

st ray light absorption etc. The absorber can be

single layer of grap hite , silicon ( visible light

range) , metal2black coating , reflective2index2a2
daptable ceramic or optical interference t hin

films. In our case , several conditions should be

matched :

Fig. 2 　Low reflectance means saving energy & low po2
tential risk of cracking parent material (A) laser in2
tensity vs. time ; (B) reflectance vs. time ; ( C)

temperature vs. time

(1) High absorption of 1. 06μm laser and

easy to implement .

(2) Compact st ruct ure and high performance

of firmness.

( 3 ) Perfect adhesive ability wit h welding

materials.

The metal2dielect ric2metal st ructure we

used , where metal stands for Ni or Cr , dielect ric

for SiO2 , can match t he above conditions well

for t he reasons t hat Cr and Ni exhibit good adhe2
sion wit h t he glass and most of t he metals[9 ] and

t hat it can be conveniently designed by using dia2
gram met hods and interference mat rix method.

It can be depo sited by elect ron beam evaporation

to ensure high performance of firmness as well ,

which will be shown in detail in the following

sections. The relevant experiment s validated

t his effective f unctional film.

2　Absorber design

2. 1　General description

In t he research conducted by J . A. Do2
browolski et al , Modified Flip2Flop Method ,

Reflectance2Reducing Stack Met hod and Admit2
tance Met hod were considered[9 ] . The Admit2
tance Method is also int roduced in Ref . 8 & 10.
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In Addition , scat tering formalism[7 ] and ot her

met hods , including what was used in Ref . 6 , are

also available. In t his work , we adopted t he Ad2
mittance Locus to design t his absorber and then

analyze the shif t of t he cent ral wavelengt h

t hrough st udying t he reflectance spect rum of t he

absorber .

This absorber aims to highly absorb t he

1. 06μm laser , which t ransmit s through the up2
per t ransparent material . To p rovide an exam2
ple , a metal2dielect ric2metal st ruct ure of t his ab2
sorber as Fig. 3 shows is studied. In p ractice ,

for the more convenient and accurate measure2
ment of t he optical constant s of semit ransparent

Ni film[11 ] , we used Ni film as t he semit ranspar2
ent layer of t his absorber . However , in Ref . 11 ,

only t he optical constant s at wavelengt hs ran2
ging f rom 400 nm to 800 nm were provided , we

utilized t he similar met hod to at tain the con2
stant s at near inf rared wave range. The ot her

metallic layer used is t hick chromium film ,

which optical constant s are more stable and close

to t hose of t he solid chromium. The t hickness of

t his layer is tens of nanometers. Between these

two metallic layers , t here is a dielect ric layer of

SiO2 . The laser beam is reflected between these

two metallic layers , and finally nearly at tenuated

to zero according to t he exponential decay of

light in the t hick chromium film.

Fig. 3　Whole st ructure of the absorber

The glass subst rate is 1mm t hick. Trans2
parent nickel t hin film is first deposited onto t he

glass , followed by t he SiO2 layer and finally t he

t hick chromium layer . The incident laser beam

t ransmit s t hrough glass and is absorbed by t he

absorber . Heat generates in the absorber af ter

absorbing the laser and t ransmit s to t he solde2
ring material of tin.

2. 2　Admittance locus and circle diagram

For t his absorber , because t he use of t hick

chromium layer acted as the bot tom layer of t he

whole absorber st ruct ure , t he t ransmit tance is

dramatically at tenuated to nearly zero . Accord2
ing to t he relationship of A , R and T :

A + T + R = 1 , (1)

We can attain ,

A =
T→0

1 - R (2)

Therefore , where t he reflectance is vanished ,

t here is high absorp tion occurring.

According to t he t heory of the admit tance

locus p resented by Macleod12 , t he starting ad2
mittance Y0 is t he admit tance of subst rate , while

in t he layer st ructure we offered , t he t hick tin

layer is t he last layer along t he direction of laser

incidence. Theoretically , admit tance diagram

start s f rom the admit tance of t hick tin layer .

However , considering t hat t he incident light is

nearly attenuated to none when the chromium

layer is t hick enough , t he influence of t hick tin

film to t he light is negligible and t he starting ad2
mittance can be arbit rary. A simple t reat ment is

to set t he admit tance start s f rom 1 , which

stands for t he admit tance of vacuum or at mos2
p here. The reference wavelengt h is 1. 06μm.

Fig. 4 shows the admit tance diagram of t his

st ruct ure. The admit tance locus start s f rom t he

admittance of air Y0 and ends at t he admit tance

Y E . The t hickness of the nickel layer and SiO2

layer is critical and should be chosen to meet t he

equivalency between Y E and t he admittance of

t he glass Y G , which leads to t he canceling of t he

reflectance.
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Fig. 4　Admittance diagram of the absorber

A more direct viewing of t he performance is

circle diagram , seeing Fig. 5. It reveals how t he

reflectance of t he absorber varies as t he deposit

of t he film is going on. As can be seen f rom t he

Fig. 5 , t he locus of t he reflection coefficient

ends at 0. 0047 + 0. 00676i and t he reflectance at2
tained is lower than 10 - 4 . The reflectance is ex2
t remely low , while t he absorp tion is ext remely

high.

Fig. 5　Circle diagram of the absorber

2. 3　Reflectance spectra and sensitivity analysis

In t he above analysis , we only focused on

single wavelengt h 1. 06μm , and we took t he ab2
sorber as an ideal model and neglected the influ2
ence of the error generated during the film de2

positing. In p ractice , t he center wavelengt h and

t he minimum reflectance are sensitive to thick2

ness of the layers , especially the t ransparent

nickel thin film. Calculate and draw t he reflec2
tance spect ra , which is described in details in

Ref . 12 , can offer us t he t horough data of t he

shif t of cent ral wavelengt h and t he variation of

t he minimum reflectance. Fig. 6 ( a) show t he

reflectance varies with t he thickness of t he

t ransparent nickel thin film. From t his figure ,

we can conclude that t he deviation of the nickel

t hin film result in t he shif t of t he cent ral wave2
length as well as the raise of t he reflectance.

When t he thickness of t he nickel t hin film devi2
ates f rom 20 nm to 16 nm or to 24 nm , t he cen2
t ral wavelength experiences nearly 10 nm short

Fig. 6　(a) The thickness deviation of the nickel lay2

er leads to the central wavelength shif t and

reflectance raise in the reflectance spect rum

of the absorber ; ( b) while the thickness de2

viation of SiO2 layer tends to influence the

central wavelength most . The value marked

for each curve manifest the thickness of the

nickel or SiO2 layer resulted f rom the thick2

ness deviation.
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shif t or long shif t and t he reflectance at 1. 06μm

raises f rom nearly 10 - 4 to nearly 10 - 2 . The sim2

ilar p henomenon occurs with t he deviation of

t hickness of SiO2 layer which is shown in Fig. 6.

(b) , however , it does not behavior so sensitive

as the nickel t hin film does. So to speak , t he

t hickness of t he nickel t hin film is t he most criti2
cal factor .

In our case , t he absorber is p racticable

when t he reflection at 1. 06μm is lower than

0. 01 , for negligible lit tle difference between t he

reflectance of 0. 01 and 0 , considering t heir in2
fluence to t he absorptivity that is high up to

99 %. During the coating experiment , optical

monitor were adopted and t he accuracy will be

well cont rolled in several nanometers , i . e. , t he

p recise cont rol of t he reflectance t hat should be

lower t han 0. 01 at 1. 06μm is performable.

3　Experiment and result s

3. 1　Coating and f ilm thickness monitor

The deposit of the film is accomplished by

using DMD E 450 coater (Beijing Beiyi Chuangx2
in Vacuum Technology Ltd) . The vacuum de2
gree is set to 10 - 4 Pa. For t he sake of p recise

t hickness cont rol , t he deposit rate is set to

0. 2 nm/ s. Considering that t he light is incident

f rom t he glass , t he semi2t ransparent nickel t hin

film was first deposit on t he glass , followed by

t he SiO2 layer , and finally t he thick chromium

layer . In addition , a 1μm t hick tin layer was de2
posited next to t he t hick chromium layer for t he

p urpose of welding. Optical and quartz crystal

monitor were all used to monitor t he film thick2
ness. In p ractice , for this absorber was deposi2
ted on t he glass in reverse order of t he locus as

t he circle diagram described and t he light was in2
cident f rom t he glass to the absorber , it was

hard to monitor the reflectance directly by opti2

cal monitor technique. Transmit tance monitor

was alternative. We simulated how t he t ransmit2
tance varied as t he film was being deposited. Re2
ferring to t he met hod use in Ref . 11 , t he inter2
ference mat rix is described as :

Mν≡
cosδν j
ηνsinδν

jηνsinδν co sδν
, (3)

Where ,δν =
2π
λnνdνcosθν is t he p hase2shif t angle

upon one t raversal of t heν2t h layer ,ην rep resent s

t he characteristic optical admit tance of t heν2t h

layer .

The system interference mat rix can be ex2
pressed as t he multiple of the multiplying of t he

interference mat rixes of different layers to :

M =ΠΜν , (4)

The t ransmit tance T of t he film can be deduced

as shown in the following formulas :

B

C
= M

1

ηs

, (5)

T =
4η0ηs

(η0 B + C) (η0 B + C) 3 . (6)

Where ,η0 is t he admittance of t he side where

light is incident ,ηs is t he admit tance of the sub2
st rate.

In our case , for t he particular film deposit

order ,η0 is t he admit tance of t he glass ,ηs is t he

admittance of t he vacuum. As t he new layer is

deposited , t he t ransmit tance changes and can be

calculated by using t he formula (3)2(6) . There2
fore , a monitor curve , as shown in Fig. 7 , is

p roduced. By monitoring t he fluctuation of t he

t ransmit tance , t he film thickness can be well

cont rolled.
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Fig. 7 　Transmittance varies as the film is being deposi2

ted.

3. 2　Results

Fig. 8 is a measured reflectance curve of t he

absorber . The minimum reflectance is lower

t han 0. 01 at 1. 06μm t hough t he cent ral wave2
lengt h is shif t to nearly 1 050 nm. One main er2
ror is supposed to derive f rom t he t hickness de2
viation of t he SiO2 . As can be seen f rom t he

Fig. 7 , when t he t hickness of t he SiO2 layer in2
creases , t he t ransmit tance slides down to t he

valley tardily and climbs up a lit tle , for t he rea2
son t hat the t hickness of t he SiO2 layer is a lit tle

more t han a quarter wavelengt h. In addition ,

t he monitor accuracy is relatively lower . On t he

ot her hand , t he nickel t hin film could be deposi2
ted excessively. Therefore , t he cent ral wave2
lengt h deviated resulting f rom t he monitor er2
ror . However , as t he analysis p resented in sec2
tor 2. 3 , t he thickness deviation of SiO2 is more

likely to influence t he shif t of cent ral wavelengt h

t han the minimum reflectance , while t hat of t he

nickel layer is opposite.

To identify t he performance and effective2

ness of t he absorber in laser welding , a cont ras2

tive experiment was implemented. We prepared

two kinds of thin film specimens , which were all

deposited on t he glass subst rates. For one ,

named # 1 , it was only a 1μm t hick tin layer de2

posited , which acted as welding material . Fig. 9

Fig. 8 　Reflectance spect ra of the absorber. The wave2

length ranges f rom 400 to 1 500 nm

Fig. 9　# 1 specimen Chromium and tin film are de2
posited sequentially on glass subst rate.

shows the layer st ruct ure , in t he st ructure , t he

t hin chromium layer is t ransition layer and sev2

eral nanometers t hick. For the other , named #

2 , t he absorber and a 1μm t hick tin layer were

deposited sequentially. Fig. 3 shows t he t hor2

ough st ructure.

The basic setup for t he laser bonding is t he

so2called t ransmission welding principle. As we

can see f rom the Fig. 10 , laser t ransmit s

t hrough t he t ransparent material , such as glass ,

and is finally absorbed by t he welding material ,

while a small part of t he laser is due to absorp2

tion in t he t ransparent material . In t his case , la2

ser is an efficient way to heat up t he welding ma2

terial . Before t he welding process , t he glass

plates # 1 or # 2 should be p ut toget her wit h t he

welding layers facing opposite. For the sake of

close contact of t he two surfaces , t hese two

plates were p ressed together , avoiding cracking
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t he glass plates. A W250 laser welder , p roduced

by Hanslaser , is applied to welding p rocess.

The working wavelengt h is 1. 06 μm and t he

maximum laser outp ut is 60 W.

Fig. 10　Schematic diagram of the welding process

During welding t he # 1 and # 2 specimens ,

t he same p ulse duration was set to 1 ms , while

t he minimum p ulse energy required and the area

of t he welding zone varied. For # 1 specimen ,

t he minimum laser p ulse energy was 0. 8 J and

t he area of welding zone is 1. 9711 mm2 ; for # 2

specimen , the minimum laser p ulse energy was

0. 5 J and t he area of welding zone is 4. 5216

mm2 . The ratio of t he power density of # 1 and

# 2 is 3. 67. The utilization factor of laser ener2
gy was improved in # 2 specimen. Considering

t he loss due to the absorption of chromium t ran2
sition layer and t he reflectance of t he tin inter2
face , no more t han 40 % laser energy was ab2
sorbed by tin layer in # 1 specimen. On t he con2
t rary , more than 99 % laser energy was absorbed

by t he absorber in # 2 specimen. Supposed that

t he welding layer involves high reflectance metal

layer such as Cu , t he utilization factor could be

more remarkable.

4　Conclusion

　　The metal2dielect ric2metal st ruct ure absorb2
er is utilized in the t ransparent material nonde2
st ructive t ransmission welding , and the design

and implementation were described and ex2
plained. By using t his absorber , t he reflectance

of t he welding layer surface is dramatically re2
duced. As a result , t he utilization coefficient of

laser energy is maximized for the high absorp2
tion. Therefore , t he minimum necessary inci2
dent laser power is decreased into a low level ,

which avoids t he potential risk of the damage of

t he t ransparent materials when t he laser beam

t ransmit s through t hem. In t he f ut ure work ,

t his absorber will be f urther st udied and used in

t he optical component s laser welding.
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