creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

20239 84
L] e e B

B2 FolAd % XFe YSAE
E@AE 54

ZAd sty sty
7V AR 281 ) 2 5238 3}
=



g2 Hol Ao 9§ Mg JSAE
ZAT 54

Characteristics of dental implant surface treatment by

pulsed laser

20233 08 25¢

2
7V AR 281 ) 2 5238 3}
3 B A

Collection @ chosun



g2 Hol Ao 9§ Mg JSAE
ZAT 54

o]l =B FE uASY AH =EOE AEH
202349 4¢

23w ek
7V AR 281 ) 2 5238 3}
3 B A

Collection @ chosun



T AAE Q)

59 Q)
%9

4+

&)

4+

20233 62

ata ok

X

Collection @ chosun



5 3

LIST OF TABLES «+-eseeeseeesessusessusmasuseamasissssasssssesissesssoe oo VI
LIST OF FIGURES ++ereseeesesesseusssemmmsrunsisisnmesasissesssesssssesssisesesssssseesenenen. IX
ABSTRACT «eereseeeseesseesmsasansseissseesssseaseseas s ses s XIII
X-]] 1 Jg- k] B e 1
1.1 /(-] B 1
1.2 ATFHIA et 3
1.3 GTTITEBF coorrrrrermrssnessnssests sttt 11
1.4 A BEF @ UL e 31
Al 2 A O] ZFYA] e 34
2.1 FolA Y EAAG FETY ATEL i 34
22 HATE A O]A H BEA e, 41
A 3 A AY D HAFAFR] coverrernennnnnn, 49
3.1 A O]A HZIT] ceoverrervmseneniininii 51
3.2 O] AFX]  eerreereesrese 52
33 BAFO|A A AE] FJE e, 52
34 BAFGIO|A S8 S v, 57
35 AZHE FHAMA Z2A e 74
X-]] 4 78- %31]. 1;; L e 75
4.1 SETE &A1 FolANY Y EFH FTFE e 75

Collection @ chosun



42 AZFEL 7| TEE BEA s 78

4.3 YZSTE T TR e 95
X']] 5 78' | B s 128
[%_’ﬂ_%ﬁ] ................................................................. 130

Collection @ chosun



LIST OF TABLES

Table 1.1 Implant surface treatment methodl —ooeeoeeeeeessersemmeesineneen: 14

Table 1.2 Technology development details and scopes «:-weeeeemeeereeees 33

Table 3.1 Chemical Composition Table of Implant Materials - 49

Table 4_1 Stress evaluation by lmplant type .......................................... 95
- VIl -

Collection @ chosun



Figure

Figure
Figure

Figure

Figure

Figure
Figure
Figure
Figure
Figure

Figure

LIST OF FIGURE

1-1 SEM micrographs of structures formed on titanium
surfaces illuminated by ArF excimer laser «ooeeooeeeoeeeeeeess 17
1-2 Surface treatment by Nd;glass laser e, 20
1-3 Titanium surface treatment by pulsed Nd:YAG laser -+ 22
1-4 Surface morphology of an Al203 sand blasted and 1 J
laser irradiated titanium implant surface by SEM 1000X

(a) and by optical microscope 100X (b) wwseeseessersssnese: 23
1-5 Surface treatment by Nd:YAG laser oscillating at 532

[U[L  weeeeeeeeseeeeeemese et 26
1-6 Pulsed Laser Beam Profile - ---s-seseseemrmrmimmmeiriririnannn. 28
3-1 Laser system schematic(Q-switching Nd:YAG) --weoooeeeeeeee 50
3-2 Photo of the laser oscillator (Q-switching Nd:YAG) -+ 51
3-3 Rotating & XYZ axis e, 52
3-4 Rotating & XYZ axis Design e, 53

3-5 Surface treatment photo after implant fixation after

manufacturing CCD CAINICTQ “tvtvrererrrerereresesssesnsnccitiiitiinacne, 54

3-6 CCD Camera & Halogen Guide Design

........................................................................................................... 55
3-7 Q-switching Nd:YAG implant surface treatment program - 57
3-8 Q-switching Nd:YAG energy/power meter — «ooocooooeeeeeeeess 58
3-9 Light source characteristics of lasers in various wavelength

FAINEES  ++reeseeersssssess e 59
3-10 BPP using Abbe's Sine Law wweesmerssrssrisenissennnans 60
3-11 BPP characteristics of lasers in various wavelength

FAIES *+++rvs+eerssseeess e 60

- Vil -

Collection @ chosun



Figure
Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3-12
3-13
3-14

3-15
3-16

3-17

3-18

3-19
3-20

3-21

3-22

SCheme Of ﬁber laser OSCiHatiOH ........................................ 61
Industrial applications of fiber lasers —«:ooeoeeemeeeeesesieeee 62
Schematic diagram of laser system for implant surface

TLCALIYICIIL  r v vevrererererrem e e e ettt 63
Optical Characteristics of F'+ © Lenses - weeeeeeeseee 64

Beam transmission method and focusing method of F - ©

Specification of F' * © lens used for implant surface
EQALIMEIE  +-+erererereeesesesesesesesesesssese et es sttt es e 65
Optimum processing pattern and process variable input
PLOGEAIL  +++evssssseesssssssssss s 66
Process CONtrol Table -« weererrrremmrmeeeeeencenceeeeeeeinas 67

Devise/design processing method for implant surface
B Ror 10001 0| AR T T R PP T P PP PP PP TIPLPRPRPRTITITS: 70
Laser system layout dedicated to implant surface

tre atment .............................................................................. 7 2

3-23 Performance evaluation after fabrication of implant-only

SYSTEIM 1 worverssssrsssses s 72

3-24 Performance evaluation after fabrication of implant-only
SYSTEIM 2 woeeeerssssessssesssse st 73

3-25 Performance evaluation after fabrication of implant-only
SYSTEIM 3 wosseersssrsssses st 73

3-26 3D surface roughness measuring instrument and analysis
MELhOd  ++eeeererermrerereeeee ettt 74

X -

Collection @ chosun



Figure
Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

Figure
Figure
Figure
Figure
Figure

Figure

Figure

4-1
42
4-3

4-4
4-5
4-6
4-7
4-8
4-9
4-10

4-11

4-12
4-13

4-14

4-15

4-16

4-17

4-18

4-19

Multi—Screw Structure Implant ............................................ 79
Implant and pubis tissue modeling .................................... 80

Evaluation of static strength characteristics according to

100N load Condition .......................................................... 81
Stress evaluation when vertical load is applied «--=eoooeeee 88
Stress distribution when inclined load is applied - 94

Ablation process of metal surface after beam irradition - 97

Raised area by laser ablation ............................................... 98
Implant Specimen "Test Machining Analysis — -oooeeeeeeeee 101
Implant Specimen Sample Testing Machining Analysis 101

Surface shape change according to overlapping

degree change of Q-switching Nd:YAG laser -eoooeeeeee 106
Scribing width change according to power change of
Q-switching Nd:YAG laser - wrereessseesssscesssrissssriii 107
Change of scribing width after laser beam irradiation 109
Scribing width change according to duty cycle

change of Q-switching Nd:YAG laser :ocooooeoeeeeeseeeeeeeeees 111
Drilling by Pulse Trradiation «eesemmsersssissninen. 112
Schematic diagram by laser perforation -:eoeooeeeeeeeeeeees 112
Scribing width change according to step size change - 114
Effect of surface area according to step size change

(in case of hemispherical shape) —-wseeesermssermssmmsninnns 115
Effect of surface area according to step size change
(Gaussian beam shape) w-wwseessrrrsssrmsssrmssse, 116
Variation of scribing width according to laser power
change and beam path type e, 117

X -

Collection @ chosun



Figure

Figure

Figure

Figure

Figure

Figure

Figure

4-20

4-21

4-22

4-23

424

4-25

426

Variation of scribing depth according to laser power

and beam path type - 118
Variation of scribing aspect ratio according to laser power
and beam path type  -weeereersseisss 119
Changes in surface shape and roughness of multi-pass
beams according to the change in laser beam power - 122

Variation of scribing depth according to frequency change

and Deam pass type e 123

Variation of scribing aspect ratio according to

frequency change and beam path type «:ooeoveeeeeeeeees 124

Overlapping ratio and friction coefficient change according

{0 frequency change - wsrrsrrsssrrssrrss s 125

SEM picture after implant surface treatment - 126
Xl -

Collection @ chosun



ABSTRACT

Characteristics of dental implant surface treatment by pulsed laser

Choi, Byeong-Jae.
Advisor : Prof. Yoo, Young-Tae. Ph.D.

As aging accelerates, the importance of dental health, which is closely related to the supply
of influence, is being emphasized more and more. Among the organs of the body, dental health
is a very important factor in consuming quality food. As the aging process approaches the limit
of tooth lifespan, the demand for implants, which are artificial teeth, is increasing. This is because
it is clinically very important to use materials with excellent body compatibility for implants,
which are artificial teeth placed in the human body. The surface of the implant plays an important
role in overall cell activities such as cell adhesion, proliferation, differentiation, and death as
well as protein adsorption through interaction with cells, and ions released from implant materials
affect cell activity. In accordance with this need, a process capable of processing the surface
area using a laser as a method to increase the surface area of the implant is developed, and
based on this, an implant processing laser system is to be developed. The laser used in this
study was a Q-switching pulse wave Nd:YAG laser.

The purpose of this study is to develop a laser-only processing machine by developing laser
process parameters for implant surface treatment. As the laser surface treatment process variables,
the process variables were determined by considering the wavelength, output power, output irradiation
time, working distance or focal length, focal length, and overlap rate, which is the distance from
the output diameter to the specimen, and the process variables were studied. A study was conducted
on a method to distribute the stress when the implant screw is placed in cortical bone and cancellous
bone so that the screw structure implant is designed to be body-compatible. When a laser-only
system was built based on laser process parameters for implant surface treatment, a user-centered
system was developed so that the user could operate while checking the surface condition in

real time.

- Xl -
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For the purpose of this study, the necessity of implant surface treatment with laser and previous
studies were reviewed, and the reasons for solving problems in previous studies were explained.
In the theoretical analysis, the oscillation principle of the laser beam was explained very simply,
and the characteristics of the surface wave transmitted only on the surface when the laser beam
interacted with the metal surface were explained. In the case of implants with high reflectivity,
efficient process parameters are presented when the implant surface is treated with pulse waveforms..

The physical phenomenon that appears when the laser beam is irradiated on the implant
surface is explained, and the stress distribution of the implant designed in this study is explained.
Based on the above-mentioned information, we developed a system that can control the location
so that the laser beam can be accurately irradiated on the implant surface. The results of irradiating
the laser beam on the screw bone between the screw thread and the screw thread were compared
and analyzed. The laser implant surface treatment system developed as a result of this study
can perform 300,000 times of laser surface treatment, and the processing error of the surface
treatment system is within 50um. We developed an optimal process technology with a laser surface
treatment speed of up to 500mm/sec considering the laser beam output, overlap rate, and pulse

laser irradiation time.

Key word : Nd:YAG Laser (Nd:YAG ]| ©] A]),Implant(d =%+ E), Surface Processing (3£ #]
2]), Titanium(E] EHg)
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Table 1.1 Implant surface treatment method

HETDE FHY o]EFS FH3t W HEHA LS F7HA FH

g |- Mok AEAE YHEA 2}
5L eREe 3 A
TPS(Titanium plasma sprayed -
g plasma sprayed) - w9% 74
9 |- FEole o
- o} zHelA

Hyroxyapatite(HA) - wol JESE HE2HF 71
Coated Surface . |- wre g o} 7hel A
T A 2

R

Endopore System @4 | - BHEE ol A4 The
- AU JEDE A5 FAEo] F.
- Mg
YETE EH YAE STEAA L Ho|§sl EHH F7}
x94 37t
7ha e

acid etched : SteriOss, 3i, Avana

ﬂl[ﬂl
A
N
=
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Al,O; blasted : Ankylosis 20-25um ¥ AA7) Z7}
Ti0, blasted : Astra Wel JEHUE THA =7}
F54 ZE E2HOE (180~425um)
RBM treated : Restore, Paragon, o By mue] HEES Urlx o
Maestro, Cowell o) 2718 We BE B ohiosm HEgs
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I-(a) 100 Shots | I -(b) 1000 Shot

[ .SEM micrographs of structures formed on titanium surfaces illuminated

by ArF excimer laser shots at a fluence of 1.5 J/em2.

=59 & i

IT-(b) 3000 times magnification

T —— L i - )

IT-(a) 1000 times magnification

II. SEM micrographs of structures formed on titanium surfaces illuminated

by ArF excimer laser shots at a fluence of 8.5 J/cm’.

Figure 1-1 SEM micrographs of structures formed on titanium surfaces illuminated by

ArF excimer laser
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™
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Peto et al[6]¥} Karacs et al[5]2 Gaggl et al[2]# Hl=3F W20 &2 AT

_17_

(*ICollection @ chosun



ATt o] AFolA Nd:glass #lo]Ae] H2 A HAEE 30ns®E 1AL oAUA|= &
2 P E o] 05904 5]2 WAHIIAA JZSHE T ZASIE WHOZ ofEg o]
Ad 2HITY vl AFSAT o] AT 5L Aol HuA 22 AT xEH

Aol AW 2AFAN X F5Ee EolEF BAALANS FAs 13T 2
sholt}. 2 Ao] AL AFH ATRE o] UALET} e Ba BEE Nd
glass Ho14 & EASIe] EWAE ¥ AFE Figure 120 UEhith EwAe @ %

Wel 9ng st AnE T2 =AAT »zuphoton)ﬂ 3

99 %

A7} whgre o
]:

=

(a) An excerpt of the laser borderline between the
laser-treated and smooth surface shows the

regular work of the laser[1]

_18_

Collection @ chosun



The next magnification of the laser-treated surface shows, that
the laser treatment does also involve the winding part. It
already shows the primary roughness of the implant with
diameter of 30~50ym. A mountain and valley structure of high

regularity seems to exist.

Photomicrographs of scanning electron microscopy of
machined implant (500) Machined surface reveals the

machining lines and relatively smooth surface.
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- 5 "
29 -aug-02 15 .0kV =500 100um

Laser treated surface and relatively regular honey comb
appearance

Total Counts- 636783 . Lincar Auto VE-51 684 -'

EDS-analysis of the laser etched implant showing clean
surface with only Ti-peaks.[33]

Figure 1-2 Surface treatment by Nd;glass laser

£ oF#f} Figure 1-3¢]
1H ZAEAS w1} 5

=
W oA F90e W IFEHE ZolE yehin ek o AT At ofulse e
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HxzgolA WS Helg &A42 @ JEUE F9 =AYS B¢ &

| ohJet 2AEE 2A7F Z7H5HEA Qo] Mo FEHL 9

P
o

ﬂt%&ﬂw*iﬂi =R

Three-dimensional surface changes, some of areas from Fig. 2D, of the
titanium implant induced by picoseconds Nd:YAG laser analysed by atomic
force microscope. (A) Implant surface before laser treatment. (B) Titanium
after 30 laser pulses (B1 center, B2, B3 near and farther periphery of the

damage area, respectively). See Fig. 2D for iradiation conditions.[4]
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Two-dimensional profilometry view of the titanium implant

surface with one and five successive laser pulses.[4]

Figure 1-3 Titanium surface treatment by pulsed Nd:YAG laser

Bereznai et al[S]% AN A AFESt JdE Nd:YAG HolAZ Y4=HE #9
L
AN

2 214 %) ]
SR AEGE £AE B EAL A T AIADE T

w2 UV AlEe] ArF, KrF A

Jerd

B S0 85td S40 Bt ATE ATE Figure 149 2ol EEatgth 1
o 7

S =
kA 7171 S18l #olA W) ZARAZFE AAISHA
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Fig. 1-4 Surface morphology of an AI203 sand blasted and 1 J
laser imadiated titanium implant surface by SEM 1000X (a) and
by optical microscope 100X (b).[5]
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SEM micrographs of machined dental implants before(a), and after laser treatment at
high intensity (5x10''W/cm®) (b), machined and Al O; balsted implants before (c), and
after high intensity laser treatment (d)

_25_

Collection @ chosun



(a) (d)
(b) (e)
(c)

SEM micrographs of the laser imprints obtained with a laser pulse energy of 7.8 mJ and
a lens—.target distance of: (a) 91mm; (b) 94mm; (c¢) 96mm; (d) 98 mm; (e) 100mm; and
(f) 102mm at this last distance with a laser pulse energy of 5.7 mJ. The samples were
tilted 508. Magnification is the same in all the images.

Figure 1-5. Surface treatment by Nd:YAG laser oscillating at 532 nm

oj¢} ol AWML AMeA F& AF, EUALYI 2S¢ FEHE Figure 1-
5] YERAT Figure 1-5 Aol =AIRE AT #olA Rleof SHAAM Alde] 7
2 FAE AAAZE 9ImmolA 98mm=E &5 MSAAE o)A uA 7t 9
EHE W FEe AE7F 298 vEA YEhd e BoFa o 3ol 532

nm?| F2 o w WiE A EHAY A S WS e F e
<= UERHAL Utk

et Zo] A3 AFAES YSHE HHo| o] & oA

ket JATE ME e AEste] dEbd WstE AAEY. F2 A7 532 w9
o Ed FHE TUTERE HIANA JSHE HEAFHS SVHNA S wet
& (Osseointergaration) Fefoll #HH AFE Aok T oA d5F AAH
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-3 -34 -3
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Surface profiles of major axis of the laser imprints obtained with a laser pulse energy of
7.8 mJ and a lens—target distance of: (a) 91 mm; (b) 96 mm; (c) 98 mm; (d) 100 mm;
(e) 102mm at this last distance with a laser pulse energy of 5.7 mJ; and (f) 9.0 mJ.

Figure 1-6 Pulsed Laser Beam Profile
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Table 3.1 Chemical Composition Table of Implant Materials (wt%)

C(max) N H 0) Fe Al \Y% Ti

Ti-6Al-4V | 0.08 0.05 0.012 0.13 0.25 |5.5~6.5|3.5~4.5.| Bal

Pure Ti - - - - - - - Bal
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Figure 3-1 Laser system schematic(Q-switching Nd:YAG)
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Figure 3-2 Photo of the laser oscillator (Q-switching Nd:YAG)
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Figure 3-5 Surface treatment photo after implant fixation after

manufacturing CCD camera
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Figure 3-7 Q-switching Nd:YAG implant surface treatment program
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Figure 3-8 Q-switching Nd:YAG energy/power meter
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Figure 3-9 Light source characteristics of lasers in various wavelength ranges
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® BPP is constant

= Gaussian Beam
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in ideal first-order optical system (Abbe’s sine

law, NA)

= BPP

= Spot diameter

= Depth of focus
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g
Aot
BPP =w,, -6,, =—-M “[mm -mrad |
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Figure 3-10 BPP using Abbe's Sine Law

A
Calculations of Spot diameter and DOF for BPP BPP = ~ -AL?
Spot Clear Focal
Type M2 BPP diameter | aperture length ple.s
[mm-mrad] [mm]
[mm] [mm] [mm]
Disc 25.8 8.8 770 21
coz2 1.76 6.0 0.6 45 1120 30
Fiber 12.3 4.2 1600 42
1 Disc, Fiber: 1.08um, CO2:10.6um
= The lower BPP (or M2), the better beam quality
» small spot diameter
> long focal length — large field size

Figure 3-11 BPP characteristics of lasers in various wavelength ranges

_60_

Collection @ chosun




Broad-Area . . Broad-Area
Multimode Fiber Bragg Gratings Multimode

Pump Diodes \ Pump Diodes

Optical
Power Meter

collimated  fens
laser output

Cladding-Pumped

or Aotiorr sraer
Figure 3-12 Scheme of fiber laser oscillation
AellA AFg JAIH HolAHH 7A dHolAe B ¥ 7AE e Rk g
o} o] W&ol @ ¥ 7A7F Ardnt 1A HolAHQ Nd:YAG #olAE &l AR
= A7) A FZe Nd:YAG Rode] FHo] A Slof wAlste= @xo] 39l
o @AM FAIZ A B2 ZAFAEE FASH] HdAe FAERF 2AF
of MAHE T T2y FolW HolAE ARFEC] §lv TEE AAHEJL, 30% ©]F

A& (Wall Pulg Effciency)s HEAstil 108F AIZF o9 tolet F£HS ZHi 19
Haol HEor 29T F Ae FHol Avh 53] XU 74 2 WAL 7E

o] dlojA ol Hls| g 2] wWEol] E&2Q S FRT F vk oY e BE
2 745 e HolH #HolAe EA REA Aol TSNS o dHIEER
AsHor WA Wl dolA o E4 Qlo] ARE AHES F U 2Rl
AZdste] AAY Aoz FAA FAHAA AR wjEol ZEAA stelWrE &S
de T YA, oy HHo] Ha Qe 7x9 F A=zt dolHE AHESHY] o
oll, onl Folmz H1 w=A wAd 5 Atk NdYAG dojAe 4¢ 44 #
Zup ol fEx® ofr]g Al PPt AR H FolA RS FHo|HE HEFIr)

stoli ol £¥e] mE AYO Hol, Z4ze] BES AU A4 Fo=H 3
98 28T £= Aok SPOEE Do Fshn, WA IFol glow, Fdo] Ba
G Aol dol ArAA P H2Be AU o ASH 1 AE Fig

ure 3-13°] YEFAATE FHolw #HolAAHH Nd:YAG #H oA HWo| AExE= ulo]n

ol 29 Bl B29Y HEe Hestd AR HolH By s o) 45

of FAlC A8 FAde FAL F s 5] Utk

_61_

Collection @ chosun



LA LR

Battery Pack

57 100-3K000

Figure 3-13 Industrial applications of fiber lasers

U 394 2 FEANEE A4 R AF

B AT AR FEIY] A JdESTE BZHAY HolAHAAREL V|2 dF
° il

golA 7t&71<e2 100mel 3] A71= 718 ¢ A& dol A aZE7] & (Laser m
acromachining) ¥ 50im ©13} 0.1m7kA] 7Fsd = e #olAute]la= 713 7] = (Laser
micromachining) 22 A 72 F vk olH HolAR S Hud g2 A £9
oA =2 HFZEY(peak power)S A& F Tl AEE7] Aol F
Az #olAE At nHFEH HJFS HAT F
= AEANE FAk FEA2E Ao
L[240,

=

C]’:]x

o g rfo

i

R

Collection @ chosun



dolAY e 183 F mlolaR2E oA E ol AIA Tty A &nh. 53] #o]

ARl A%, FA, 718t 55 Hrh H2 AAsojof Hry AdsiA gsHAe] &

2=
T W doh
r— Chiller
i scanner
Oscillator system
(Nd:YAG, Fiber)
Electronic Operhead equipment -
transformer y
Vacuum circylation system
PC-NC o :
controller = Ti-6A1-4V

)] %}a{ing treatment system

Coating
treatment dplant
system Conveyer system of surface treatment
controller

Figure 3-14 Schematic diagram of laser system for implant surface
treatment

adeE B AT HZFHQ YSHE =
A=E AEFA AASH’|Rth= F-Theta 2 Z2E
Figure 3-15 F-Theta #:=9] 7| F34<Q MIF=E YEPHA L ofg] W22 33sH4

=4 B4 AgHET
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1

Agste] Azl Azsrh obds
H

gspot = 1.83 x A x EFL / gbeam
gspot: image spot diameter [pum]

1.83: factor of apodisation

A\: wavelength [yum]

EFL: focal length [mm]

gbeam: entrance beam diameter [mm]
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2y’= EFL x 20 x /180

2y’ scan length or diagonal [mm]
EFL: focal length [mm]

20: overall scan angle [°]

/180: conversion factor into radians

FFL
Application Data |
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I

espot. —— |

mi
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last surface
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first surface

Figure 3-15 Optical Characteristics of F-Theta Lenses [35]
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Figure 3-16 Beam transmission method and focusing method of F-Theta

lens
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S @
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¢ o I
Legend ‘ i
1 Beam entrance
2 Scan head |
3 Objective 2e
4 Emerging beam A
5 Image field
Dimensions
B=32mm
E= 57.15mm
Note drawing not true to-scale
Objective A @ D Typical
Nominal Working (mm) (mm) (mm) image field
focal length | Wavelength stk
(mm?)
(mm) (nm)
160 1064 233 58 99/90 110 x 110
163 1064 234 54 99/89 110 x 110
160 532 233 58 99/90 110 x 110
160 355 268 53 99/89 80 x 80

Figure 3-17 Specification of F-Theta lens used for implant
surface treatment

{Z/Collection @ chosun

_65_




Figure 3-18v YETE EHAE A& #olA Alz="Hol| AHEHE FAAA D 94X
Aol ot} JESTE FH| G 43 JEHEHoE ol AUES AR
7171 918l Soft waree= ZEI1H WolA 7tEaldE YA sHAY, AutoCAD, CorelDR
AW, Photoshop &9 YAl AXZESJojoA A4¥ PLT, DXF, &3l BMP #¢
I 2 e P2 FAdES EHEY 7 Ae A AAEAT

« MarkingMate - [MarkingM atel] =] E3
-Eile Edit Draw |mage  Color Execute Wiew Window Help _|ﬁ||ﬂ

D |=F| ¢ m@dr]x|N oo O & Abem |
e M e | I 1[0 e < P At ey i M = =

u|u||3*=||Layen J-Fff R] AR
TSI ] e T e Ol e

S A || =

Global | Power Test I Dy Fun |

Sypstem Lens I Galvo
Total Objects of Current Layer : i}

e

|:_I- 80 &0 70 a0 40 30 20 ?10 FU 30 a0 G0 70 80 100 |-
e T T

=l
s
Object Ero
EID Markinghdatel
1 - Laper(1])
g ;l_l
Ready 1 58,719, 17.936 NLIM o
n

Figure 3-18 Optimum processing pattern and process variable input program

_66_

Collection @ chosun



Figure 3-19% Th@ Feje] hFuAT2e YEAVES] FUAY 2 A
AWe 9ls) Al Bolth. olm AA Hg
3} dold FAUFE Y] H2 o 3

24 sle] Ao ARSI T

filo
P
N
do
L)
0]
e
=
m
rlo
-
=
3
s}
0]
=
<
s
=N
[¢]

- Frame/Fill
: (Fill Param:hatch 2.E), (Border : Z& 943} Hatch 2H1zke] Ag)),
: (Pitch : 7} si 9] 2QIZHe 3H4), (Times: 7F3F) ... ete

: (Two Way : #lo]A o]F W3k M)

- Laser Processing Parameter Input

: Speed(10~1000mm/sec), Power(0~100%), Freq(20~120kHz)

Property T able Property Table
Mark Parameter | Delay Array Copy I Mation Frame/Fil I Test
Frame/Fill Text Mark Parameter | Delay | Array Copy | I aticr

4

—Frame Fill I'I Pazzes I
¥ Frame ’7I' Fill
Fione [ [ P reme 7 R _
— Fill Param Speed NN mmssed I-I
Border : [0.000 I | Tty

Power : (200 o Spot Delay :

Pitch : |0.0E0 Angle Start : {0000
I I Frea: [2000  kHs IEI.1EIEI e
Times I‘l Angle Step ID.DDD

[~ Mark Ireversely

ERL

Load Param .

Set Az Default | Appl | Set bz Default | Appl
Sl Spplal

i

Figure 3-19 Process Control Table
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Figure 3-21 Devise/design processing method for implant
surface treatment
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Figure 3-22 Laser system layout dedicated to implant surface treatment

Figure 3-23 Performance evaluation after fabrication of implant-only system 1
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Figure 3-25 Performance evaluation after fabrication of implant-only system 3
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Figure 3-26. 3D surface roughness measuring instrument and analysis method
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Figure 4-1 Multi-Screw Structure Implant
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ABUTMENT
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CANCELLOUS BONE

BN-Type Duplo-Type Z-Type

PART MATERIAL Elastic Modulus (GPa) Poisson’s Ratio
ABUTMENT TI 1150 035
IMPLANT TI 1150 035
CORTICALBONE BOMNE 137 03
CANCELLOUS BONE BONE 1.37 0.3

Figure 4-2 Implant and pubis tissue modeling
Figure 428 UEtd YZHEQ} Xz 22 tig AE S 437 95
X wgto] w2 FAH FFE(Static Strength) B7FE st FAAE HIl=
%3 45°% Agas o WAG. % 9A Wl e 54 @)
Figure 4-3 UEIAT
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Verticalload (100N) | | Oblique load - 45° (100N) |
VERTICALLOAD |

OBLIQUE LOAD \

Duplo-Type

Figure 4-3. Evaluation of static strength characteristics according to 100N load

condition
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Figure 4-3. Evaluation results of vertical load action (a)
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Tensor, , von Mises, (NON-LAYERED)

Max = 19.2MPa @ IMPLANT

Min 6 88001 Ghd 2973

Figure 4-3. BN Type Stress Analysis on Implants (b)
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Min 5 18-001 @Nd 22821

Figure 4-3. Duplo Type Stress Analysis on Implants (c)
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Figure 4-3. Z Type Stress Analysis on Implants (d)
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Min B.49-002 @Nd 63270

Figure 4-3. BN Type bone Stress Analysis on Implants (e)
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Figure 4-3. Duplo Type bone Stress Analysis on Implants (f)
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<ANAA %S 243 A4S (Oblique(d5°)Load 100N)>

i kR

Figure 4-4 Stress evaluation underver Gradient Loads (a)
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Tengor, , von Mises, (NON-LAYERED)
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Figure 4-4 BN Type Stress evaluation underver Gradient Loads (b)
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datautt_Fringe

Mzt 7.28+001 @Nd 23803

Min 1 56-001 GNd 19690

Figure 4-4 Duplo Type Stress evaluation underver Gradient Loads (c)

_90_

{“/Collection @ chosun
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E Tensor, , von Mises, (NON-LAYERED)

detault_Frings
Mz 5.51+001 @Nd 4615
Min 2 34-001 FNd 3113

Figure 4-4 Z Type Stress evaluation underver Gradient Loads (d)
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2) Mises Stress @ Bone
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Figure 4-4 7 Type Bone Stress evaluation underver Gradient Loads (e)
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Figure 4-4 Duplo Type Bone Stress evaluation underver Gradient Loads (f)
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" e Tensr, . von Misas, (NON-LAYERED)
e _—

Max = 55.8MPa @ Corfical Bone

‘ Max = 31.1MPa @ Cancellous Bone

Figure 4-5. Stress distribution when inclined load is applied
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Table 4.1 Stress evaluation by implant type
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Max. Mises Stress (MPa)
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Vertical 19.2 6.02 9.37
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Figure 4-6 Ablation process of metal surface after laser beam irradiation [34]
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Figure 4-8 Implant Specimen Sample Test Machining Analysis
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Figure 4-9. Implant Specimen Sample Testing Machining Analysis
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Power(%) : 100, Frequency(kHz) : 1, Duty : 50

Py ¢ 65%, Width(um) : 145.595

Power(%) : 100, Frequency(kHz) : 1, Duty : 50

Py ¢ 60%, Width(um) : 137.557

Power(%) : 100, Frequency(kHz) : 1, Duty : 50

Py : 55%, Width(um) : 134.729

Power(%) : 100, Frequency(kHz) : 1, Duty : 50

Py ¢ 50%, Width(um) : 145.329
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o
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Power(%) : 100, Frequency(kHz) : 1, Duty : 50

Py ¢ 45%, Width(um) : 146.521

Power(%) : 100, Frequency(kHz) : 1, Duty : 50

Puy : 40%, Width(um) : 140.115
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Power(%) : 100, Frequency(kHz) : 1, Duty : 50

Pg

: 35%, Width(um) : 120.22

Power(%) : 100, Frequency(kHz) : 1, Duty : 50

Py ¢ 30%, Width(um) : 96.462
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Power(%) : 100, Frequency(kHz) : 1, Duty : 50
: 25%, Width(um) : 89.83

. S7lum

PER

381um

000 um

Figure 4-10(b) Surface shape change according to overlapping degree change of
Q-switching Nd:YAG laser
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Figure 4-11 Scribing width change according to power change of Q-switching Nd:YAG
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Pip : 65%, Power(%) : 100, Frequency(kHz) : 1

Duty : 70, Duty : 80,
Width(um) : 139.432 Width(um) : 133.52

e

e

Figure 4-13. Scribing width change according to duty cycle change of Q-switching
Nd:YAG laser

HAE TEHoE Hddystr] flal olef 9k o] Figure 4-14< ©] 8313

:1E4

= £

Aol WAl 7= MEzolth dolA Wo] dEFHE FH ZARBIHA HFste w4
zk

Figure 4-15& Figure 4-14% Wl A3 2 JAH vlo]a 2ol =
W) Uehd Aolth TdelA 18 w4 HeHr 240lw 32 dolAe] 454
o8 BREH §71¥9 E°]E hE UeHH 2 olArlls ZAAZ § JSTE £
el D& d= EASE FIE 83t gol §719 I 0T 5
YETESY FUHAHES I/ #olA We FAAr JAETE FHo| Aol
1

oL
o

i

06ume] E2 UAR YA YAE ALHS Hey|dA nhdHog Fo

- 111 -

Collection @ chosun



2 UAE R EF AUAVE €2 HSEHUEA o YFHEIF
Ba5 = @48 Figure 4152 82 =434 el TH

Figure 4-14 Drilling by Pulse Iradiation

AR

Figure 4-15 Schematic diagram by laser perforation

Figure 4-167 Figure 4-172> 3%} Dutye 22t 1kHz, 5022 31433l 228 A}
o]z(o]3t SS)E WIIANA APsAS vl Ao FH(width)o] W3slel o
e BESATE SS7F 50 ol o ®E FUHE wive e Ado] #EEA A%, €A

o7 YrFFHY THEVEFELIE UEtRt o3 Ay AFATAE
o8 HFSHUL, o= 3] YEHE FAHH A= (bone)d

- 112 -

Collection @ chosun



dAAH] 71E] 71A

o =

ar
=

gEs)

3T
=
Eis

HA g Wl ws -

——
o

Ho
Nlo

™
)

o

sl

wjr

71 A1 A

-
R

e

]

-
G

7+

aHEE B A7A ol o &

s3It

R

|

~A
il

.'?_

B/

2

™

A A8k

(B2 W)
o] W et YEUA

[S]

AT,

-

Lk

i

kel
%Y

(o)

)
.
w

o

o
N

o
o

Bl
2

Figure 4-17°14 x4 4H AdAHE EOE

b

°

o el

3

o
=4

] A3

°

s3It

s ¢ 106.7mm2°]
[e)

Aol F9 AAo] 77219um¥ W 7FE3 (2

A 213.3mm?oE oF 2ujE

E
=

7+

=

1T}

Lk

o)

13 -

§l‘

-

< S7HAARE 2 ghe 2" =A

Z
&

bl

iy

RYA

Al

2 HIAZ LS o
Collection @ chosun



T T T T T T T T T T T T T T T T T T T

150 o e o oo Frequency : 1kHz, Duty ; 50

> 3 L T

140 4 i

130 = -

~ 120 -

Chal _

Z 110 4 -

=] - |
=

Z 100 _

= 4 i

= 90 - J
2

w “ 4

R . I SN NN NN T VU T A . i

70 _

60— S S S S S

T
0 10 20 30 40 50 60 70 80 90 100
Step size(um)

Figure 4-16 Scribing width change according to step size change
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Figure 4-17 Effect of surface area according to step size change (in case of hemispherical

shape)
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—&— Surface area of titanium sheet before laser scribing
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Figure 4-18 Effect of surface area according to step size change

(Gaussian beam shape)

Figure 419 @lo|A4% Zewsto] me Wess® W Feje} ~zeboly Lt
Z0] WsE wAF Agolty. %A BY A2H ¥ Fujet FASA HolHn Eeol
ZAB5E sgejoly e 2SR 50-60m Ol iAW wal Wz

Al RE3HAlE eskth ~3etold) FHol HolAH ZF¥o] 100%Y W 3ol
H Zole g 23 dolANy Bo oF 28] AT FAsHUT. 28]3 Figure 4-200
A B kel o] zzgto|WE oyt @ sjd ol AR KRG of 20| A= FUle}
Atk olet ZE S FU AlFsA E£H3H7] 9180 Figure 4-213% o] FIHE 1L
3k A3 "y 2" golARE %97t SUMEFE 016~022 o|HE FAHSA T
9 " oA Rert SUMEFE AP om AT 019} 2o dde
HEjg 28 HolARe] T HaE HETE o]z él%% 4H 3 HX] =2

A7 A0 F9 HuEs o] WEFoe Rz FUIsEIAT] HHE—O]E} =} o]s}
S #4E BF3) Y3 Figure 4-220] YET AAAAE Urﬁhﬂ% LS

- 116 -

Collection @ chosun



rot

O

ft
e

BA Hw del AN Eol 30%YU WE As: ool tehron, U4
ol %3} MAE fASL U T, HAe] dolAWo] AR FHY F
Zol 2uE @yol BRHYT. ol AL WAL oAU BAe] 5o

o FAHoE FHo| AFHAS MELAL dAF0] WA w2 F7I¢d

K 22 AR2 YolAE ol&std o
Cdlol AR 3917F 60~90% A=Y w
AATh e FAHES AT W HolAW =

Beam irradiation Speed(mm/sec) 500 Frequency(kHz) 20

150 T T T T T T T =
—a— Slngle Pass Beam
—o— Multi Pass Beam

140-
130
120-.
E 110-
100-
%0-
80
704
60-
50
40 -'

Scribing width (um)

30 T T T T T T T T T T T T T T T
30 40 50 60 70 80 9 100
Power (%)

Figure 4-19 Variation of scribing width according to laser power change and

beam path type
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Beam irradiation Speed(mm/sec) : 500, Frequency(kHz) : 20
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Figure 4-20 Variation of scribing depth according to laser power and beam path type
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Figure 4-21 Variation of scribing aspect ratio according to laser power and

beam path type
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Figure 4-23 Variation of scribing depth according to frequency change and beam
pass type
- 123 -

Collection @ chosun



Beam |rrad|at|on Speed(mm/sec) 500, Power(%) : 70
T T T T T

0.6 T T T T T
. Slngle Pass Beam
—&— Multi Pass Beam L

0.5 -

g

S .

504—' [) =

S

2

=

o 0.3 4

(]

0

o

£

2 0.2 -

3]

n [ ]

0.1 -

U e e
20 30 40 50 60 70 80 90 100

Frequency (kHz)

Figure 4-24 Variation of scribing aspect ratio according to frequency change and
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