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Abstract

In this paper laser micromachining system design process for commercialization is
suggested. The constructed system design process is properly adjusted for laser
micromachining area after tailoring engine process of system engineering process such as
requirement analysis, functional analysis and allocation, system synthesis and system
optimization process. In the current laser machining system design, system components
and specifications are determined on the basis of experimental experience which a laser
is being used in machining some materials as well as the current machining and
research trend. In this paper, however, systematic process is suggested in addition to
experimental experience, which the laser and system components and their specifications
are decided in the process of definition of functional requirements and engine design
variables of system to satisfy the customer’s requirements.

Key words : System engineering process, Laser micromachining, System design
process, Functional requirement, Tailoring.

gaglol A 7HgetE A 4109 A3Z, 200749 104



16 A4S - -9
.M &2 g H/We /W2 74" BEFAA A
2doltt. @Al oA wA 7tE AL
HAA cgluele AQHE mrHoz o  AASH ATE HolA, F, 7|ATH T
Zojrle wtma AL Thaksh Hofol Al og FopdlA dste HAEFIFE] U9
AMB 2 (integrated circuits)®] 7l@oz AT BVE H}Hoi Aleds 2AsL
ke AEEe L= 242 AV Q7] WE TdEd dolA 7tF AlxYS
gov] AN nFPAS sez wAdsim  SASHHE 7410}‘:— Aol A4 AE e
gt wEA) Boteld AEst sbdm, grm, el @ HelA g A= T
B, FolAe A -u-.-@.2)E J% ol oA AZolzt dth ol F Aol:
A7 AL 4 vho] 2 E(Micro) *‘ié% AdAAY AT BgdAE A
olate] A FHsE, wA HE FA 7 o] gFARE WFATIA] Kot A=
A AEE 5 2AW AEge 1SE AEE A2 ene dsle] g,
Surz g ojof aHrhl?. gdolA WA 7ty A" AATE A3st
wEA A vAtEe ggd 9w ¢ T UNe2T AR9S AANE

A dd 7l SE(dlDE ol &3 %%
! CNC(Computer Numerical Control) 7}
714? 29 ZaAQ HE WHG o] &3}
71&} 3EE-S o] &3 24 ZHEtching)
ol &3le AMFZE 7FFI 9
I =d3 e ZYAQA JE5HAE A
e 71371ee ABe FA grelxm
AZ717F Foldel wet JbEE Fol &
A1 7 (crack) oWt $5Al 271 A =(delamination,
chipping) @322 016}04 7h&ol oH &
o} 0]_1/];/} 17:7411: u]—
Z3koh, g -"4@?"—??*
L 7VF A 7te] m$
o7+ ¥ ] Ho] ZAFCR ﬁLX
= Aot A ZFdME
Al 7+E 4 —Fr':zﬂ 158 Kﬂéo}ﬂﬂs} g
2 HolAHE o3t 7tF Vs A
ata ot dolA NENEL B ol

oL

f mlo

l

A~ =
= o
&

°¥° UU = FlF oH w

7] Mo AZHuAsE An 2o
o2 AE3A 97 Wi, BN HWE
PHe ol g WA HE AlEelN B

= BARES A2 & ow, ¥e

glo] A A 7]——‘— A2 A AL o
w7 HAS=ke] weEl R s 2A

Act, ol mAE Axde HolAs

Journal of KSLP, Vol. 10, No. 3, October 2007

@ol A Bl Aot ofet AlAH
A A zEsjokste B4 A

design parameters)E¢ Zo o
7 A2~" MA HAHdesign process)® 2
o, & 1A &7A A9, ZhEstaztet
= Ase 54 A A" dF9% 4

A Ao, AaFe 753 de A9 13]
A T sz AN dEE 2
B AA ZEAZ7 AYEHA
% oz #dddd. sudee] =
12ol7ke WEA AL A
fFA871 A E 1A
2 Z9] sl dolA wA
7l& Jhdo]l Fasdty old 7le 7Y
dojA mAl ZhE Al A

Yol dasin.

W4 (critical
5384

=

A2

O
o
o
o

LT
Lo o
=
o
N
>

> >N
B[y A 2o f oo ol ol i
i) =,
o iy .
A 1o
X 2
) >
ok fr
&
o
Y
=
=
N
N
o}
>,
[>
jui

>

d F ATHI HFHAL A
Aold ZZ A =(SE process
Engineering Process)'”e] &4l =
B d 2 & (tailoring) &} @l o] A
Al2=gl AA Z2A2 ded #3 AFE

Tyt

T
L



Al

[>

HA ATs 58 dolA vlAzg A Z2A2 At 33 A7 17

2. &2 =
2.1 A|2H| Z8te| Hof

Table 12 A|A®l F8to] FFEES
93t Ala"le] Aol AJxwE
o]E Holx v}, Table 19lA] Hol:x u}
9} Zo] Az"lFEe IAE EEFI BE

o FA A E ] olsﬂm}o stite)

p=R

1 a
o JANM FAHA Hol o8] EAE
Aeosta HdAE Xé*éx—iolﬂ AFAY &
AWEes Agojste a7AEE WEAY
I HAFete el & £ A F, Al
= s JZA 7 7] 93 oy 9 oury

Table 1 Definition of system and system
1)

engineering
£ A Definition of system
Folnl 24g AAs7] Sle) 284 7]
TSy HE A E(End Product)
EIA—632 S = T X 3}' ] A N
(1999) S99 gAY oS AYFUI HA
A 943 X YAF(Enabling Products)
oz A, el 2458 2
/28 a7E WEATY A AT
P st paig, 98, A%, Zzas 8

)\EE__O,] 71@}-
dold 8+ EE HiE HEA17)7] 9
ISO-15288 |8 58& AF3e 3 /) olatel =z

(2002) A2, st=glod, _’1\__&5%]01 Ay 4 el
o FA.
Z A Definition of system engineering
(g“ 20) xw gevs E ma
er.2,
NASA SE |Alz=€S& dA, 7+d 4 46t A
Handbook |73k 2%
nAe 7IHE WHEAFIL FEe] FE
[EEE-1220 | & ¥&, $95718 2a8d o 8 %
19940 | A&=st siEyds f5 #2092 o
Z3}7] 98 Al ¥ Y
DY QFE WHEAYE AlA¥e o
MIL-STD |8, AE 2 ZzA42 siawe AeE
(499B) [Z7h 2 AZFE] A ZE gy &
TS ¥ AT B

2.1 A2 AX|L{ojd =2 M2 20|

Fig. 12 James N. Martin®] A]2® ol
AYoly Z2HAE Holm glow HA 4
AR o]lFojz gt} 27| FHAA T2
AE P& A% A2 F8 A8 #e
A% aeja zzAEC Y AES 2
& NEAd Aol Fr7b Hoh 8 F4A1E
L op7lElA Ao fgFE AL®l XYoo
go Aol & F 3 0‘11 Al A
z2Asgtn BEdT o] AN E FHE
stz sk Al2®e] 7lolgt & 5 gl

L ¥

z;]oi Al 2¥" AFAE A
0 Axw ER/AF ATE A4 4E
A A=A ARE #a) o] o Axg,
AXJEZ Yol 788 FERL BY
ANd/AdFshs JF2A o] 4 A=
IUel®g el a4 el
§ TN A2F HA ZRAAE
Fig. 2014 Role ulep o] 27AE &
A, 7lsEY R 8%, =% agn Axd

24 9 HAF¥se 4 @A Uyel m,

ofr

t

1)

o
)4

il
o oA

>
l>

FEQUIREMENTS & ACHTECTURE SYSTEM INTEGRATION
SE MANACEMENT DERNTION

DEVELOPMENT & VERFIGATION

Fig. 1 The system engineering process'?

gdlol A 7kgetE Al #1038 A3E, 20073 109



18 A% N9 - dF
Fig. 2 The system design process'®"? . . |
Fig. 3 Design process for laser micro
o] ] BAE ALAoT uEH:= ExS machining system development
1 T = 1 — “ EO ]
bR 3 Ao ol FAAAM Hz: 274 ] _ _ _
Jozne sRAxge dAd oemw & oot 7SR A4 AA Aot 2
AE ALFME HF AEEEZ wAsiA I g 2] FHRLEL 848 T4
M- [Cal =1 & UEE = el i o
Z 4 deEAd It BEFAE HZ3 T
B2 #HolA mAH 7MF Vel 7E 2 T MRT s 3= ®mo Y T
_ - - }\]_/_K_E-ﬂ /\—17;” /‘]'O]:}‘ii E"ﬂi}‘ QE}‘ olaifﬂ’
o uld 7E e @AE FHY) A9 H A AR E B4 st
det A%z ATHE ASe A& By oo Bl e vA AT Aad o
b =T 6T = % . B
u) 4 A7t AN 212 9% N2 F A ZzAzolth AA ZzAsd JFEEH
A Je2 ALEn ] g A= J v J8ES 149 8FAgo] HAx, =
= z = =yEgo
Agels mzAse z7] A meas  SASE AR vl ST S92 S el
A ulA 7R Al2E AA AFEAZE A
o B 24, A 24, 71 dES 2 & A=w 2 3
o Alxd dxUolg A FHAL HRE O Al2" 29 2 A5 3H L& A" A
o — I fis o) AT S < Einy )
- = s . ]
FHFHAA Aol A Al2w Aol Azg A Z2A2E AA 22" A2=99 G
O e B EROAL Axd dxyge 0= FEHAL THLASE T2 49
2] _)_J:i/(ﬂ/‘\gl s_H/\] Ei/ﬂ]}\o] _8_-?-/\}-31- % 7151“?‘?1' :?;oﬂ 7—]-7—}% }_%3}-&1 7]-%_,'— /\E]?}'j
5 — = N X Fats]) 5 i ! )
o o}y ElA Ao BAZ masHo] Y= A S 31 A4¥ 2% AL B3 #HolA v
= =1 e} gl yul AT - ) o . o -
29 A Z2AsE HYdY(aioings ) 1S M1edd T WS &S 299
] 5l = 3|
o golA uly 7}x A" AA] HFst AAREE= 3ot}
Fig. 45 A&® AxYAy Z2H2F

Z2A2E Ao
2.2 3HO|X DA 718 MA Z2M2A

Fig. 3&
A 7bE A
At Alzd s =

a8 4A Z2AR A
._/]:

v omgdA A
|29
al

Tz A2 BERE

Bge mAe QPGS BHGL LT
e WEA7)7 9

2 ox X oo

w2 oo
>

Journal of KSLP, Vol. 10, No. 3, October 2007

Hdegste]l g dHolA wA FhE

A|2" AA ZTEAAE Holz Y} A&

REQUIREMENT
ANALYSIS

FUNCTIONAL ANALYSIS
& ALLOCATION

DEFINITION OF FUNCTIONAL

REQUIREMENT
3 REQUIREMENT

OF CUSTOMER

DEFINITION OF CRITICAL
DESIGN PARAMETER

FUNCTIONAL ALLOC ATION
AT PHYSICAL COMPONENT
IDENTIFY FUNCTIONAL
REQUIREMENT & CRITICAL
DESIGN PARAMETER
VALIDITY VERICATION
OF COMPONENT

SYSTEM SYNTHESIS
AND DOCUMENTATION

REQUIREMENT VALIDITY
ANALYSIS OF CUSTOMER

ADJUSTMENT & DEFINITION

OF CUSTOMER REQUIREMENT

SELECTION OF
MACHINING METHOD

DEFINITION OF SYSTEM
SCENARIO & BOUNDARY

Fig. 4 Design process for laser micro

machining system



AA LA A
of 2A &= uAe a-Atge] osh
B3 EAn 9 A 23 9 Q‘:‘é}, 71

221 8748 4
dlol A WA 7k A
o 8RS E4dte AL
dolA w4l 7hE 71es I8 :
& ZbEstaat sk Azt #HelA by
o5 7tEel M @A, THes
Arol EFAZ 7153x, 71% ;\]7&.9:
v AeleAl il Alsge] vgd
tdAle wo2 7S Hdske 4
dntHolt},

il

ek

L2 o a2 [ oo o

3 wns g B4 a9 T

e R
i

4 =4 A
Roh g #HAN LTAZe By
Tf_é1 'HO]: ?15]‘]:]'

- a4 8aTAE 24 2 FY

S7ALE e ElgA A FA oA 179
a7lo] E}FEtx] @iy #wEEw nAF
Holate]l %A 7538 W] oA 179

ag wRstoof drt

dolA wA shgolA el aTAgS
F2 Ao 7ty F, Mg Hol, ke F
se 4H &4, 7HEEY 39, A T o
2H EA ¥ a3 7hg Aol

SEEREELX
o4 AT 2 £EL
5% gelshelof ok

-7 Wy AE
a7Ael gayAg A 9 FYAARS
&l QT AbEke]l RojEYE - AbES ¥l
Al T U e S A dsersttl
oA wlAl vhz WHE #Holx W AH

ZAbse] vhEeteE WHILDW : Laser Direct
Wntmg, LDI : Laser Direct Imaging, LDP
© Laser Direct Patterning)¥ wlA~=E o]
g3te] 5 Y¢S stEsie Wy, #Hol
A 93 HAESE A °Z1°]U% 7} 3=
WR el mpame) A O|XE FAl
Aojsle] 7hEst: Wz k. ol e
7He WY FolA me] ks A
7b FA a3 v &E ndsted s o
< destdol gk o]9} F Ao 7ol
Aste QFAIES TFAZL £ e ol

& N ofn

dglol A 74283 108 A3E, 20079 10€



AE-gd - g27S

=

Md

20

A WA 7bE 7lge] oln EAdke 71€d W AT AYLE T8 Aesteior .
S gobHofol M, Ssjet Az # gojA 7hg A2"e oA &
3 zA7b FaEolor sta, 59 AP Ho| HFEuAsE AR ALH A
o] olu] Ex@rtd ol& Irte WYL & JhESA Ak mEtN Alxdo] 33
7 L
.{[:

Fofol goh. 2lx WA wAS T3 nA  ofF Jlwede A W A 7T aYn
o] Y&t A TFAIFES WEAZL F e F AE Aol 71T 4 Ao W A 7
olA mA F}EF A& #F KA AP T Y AP, H Ad, 28 x4 W I
EAQsE AAQNE HESI, A d7E 0 HY 59 dF vlve= L}% F Az, A
o F-aHES EAsY HolA AF W F A Vs o, AE, 1A T &%
HE MeEstefor g} NFeE 28 F Uk s ade A=

=

4=
aFAel il FkEAY AAE
- Nzde Ag AU 2 A4A B F 7] wEel AoE swadoe] Az
dol4 +E e ddsl g9 sk o 2FAYE BEAY £ JAeA S
del me Nzde AF Aulest B AW slsede EoeAy s 44
Aoz m, Azde) AF Aueled w & uBHoR Fdstd Az Jved
g A" AAE AYsjof st #H o] A L Aot} 8]y 7F KA =EHAHO
e Azde A AF Auder 4 2 7% 98 F e @A Axd
9

o
o o

L
_‘,.
of -~

FauA s AEE HF AN 0% 2 5 A ARH = Rol Fuh
AN D AlAE 2AG ARE AT Fig 55 dolA uA AF AzdlA 8
@ 3 AZE "4 ANE olst ol FHE J¥20L FodE AAE HelF
4 4 gk ol AEE F AXE ol% 1 Yok
ANE 7153 el $RE ANEE A7
JdAz guaE V% Be EFAL AL - 44 HA wE e
A ohdel weh Axgel A AE A=Y AT B3 slsadel 3y
F gt W o175l geht % #9985 QEA
of e 4Eade Aostelol Bk A%
222 Nxde 7% B4 2 89 %4 ade G5 AM4E 4% &g 4
el 8FAge] AYHD sAgEel s WHEEL Aelstoior @k ol
Adgd o2 WEAY] AT Asd & FES A2de) J5e fdsted 2o
zo 75 ands Ay 44 94E s Y AA ¥5e Bk
D ooled anEe BEANL & gk 7H W Ag 759 498 «Z 59, Fig 5
RAEE Austn A4 FHA2EY B oA Rolt ANY AR 50 W 4F
94 =29 AF AL Bad Axge  JEd W WA % 8 F3 s, 8 4
S Asde) A% BAsedor @k & sl 9 # Avh W BEse
W 750l AE Fol % x wol Wol
SR ES BRI P2d & 9e AW We Asyosm
Nzdel Jsade dolA mA AFe  wdE AW} Bx Fu wAW AA,
Aee nAY LTRSS HEAY) 8 WY P drht solopsterist g
Bad Axdel J5e Adss HFol  dolAe 5450 W4 4A Wt @
9. Azgel sane A gHs Ax W A J5e e g wabge] dv

Journal of KSLP, Vol. 10, No. 3, October 2007



gl A v AZHE

A T2As el g A

»{ BEAM EMISSION

L.

E3
>
z

TRANSVISSION

BEAM DELIVERY

BEAM
RIFEFCTION

BEAM
CONCENTRATION |

BEAM EMISSION
BLOCKING

ﬂ

BEAM CONTROL

i

REFLECTED BEAM
BLOCKING

REAM BLOCKING |

SAMPLE
TRANSEORTATION

SAMPLE
ALIGNMENT

SAMPLE FIXING

Fig. 5 Define to functional requirement of
system

FUNCTIONAL
REQUIREMENT
OF SYSTEM

EXTERNAL BEAM
BIOCKING

SAMPLE
CONTROL

A7t AU HA WEst B 5 U A
7% 3ol B AEER AEA

)=
Sol g4 AA dart 2

F gk
webd 7%s 2ol BE By MA w4
g AU AHME Asge QTAZS
WEAY 5 QS yHoln FHHO
Aststel gejstelol Bk =@ 0 A58
A9 Are EA% Jsadd B 94
4A WsE 448 F vk dF 59 5
A% gol el Frgol xe ARE 7}
a7 AT 2 e Ne WEshe
B3 7 shgel BE WA B FRE
of ®& FIATL AgHolok HuR J%
270 e A AFE A48T # A

Fig. 62 Al=ge) 7jsaze] dig &4
Aot dE Holxa 9l

FUNCTIONAL

REQUIREMENT
RESPONSE TIME. WAVELENGTIH. POWER.

|

BEAM TRANSMISSION _ [+ \{ TRANSMISSION RATE :

BEAM REFLECTION N =
REFLECTION RATE, REFLECTED ANGLE

BEAM CONCENTRATION 1

FOCAL LENGTH . CONCENTRATED BEAM SIZF N

} BEAM EMISSION

CRITICAL DESIGN PARAMETER

BLOCKING RESPONSE TIMI

REFLECTED BEAM TRANSMISSION RATE OF INCIDENTED BEAM. |
BLOCKING N - - :
BLOCKING RATE OF REFI FCTED BEAM :
EXTERNAL BEAM . .
BLOCKING TRANSMISSION RATE, BI OCKING RATE i
SAMPLE TRANSFORTATION ACCTURACY
TRANSFORTATION

REPETITION ACCURACY ‘

H ALIGNMENT ACCURAC Y, ALIGNMIENT TIME i

11—[ FIXING RATF ‘1

Fig. 6 Definition of critical design parameters
for functional requirements

] SAMPLE ALIGNMENT

[ SAMPLE FiIXING

ok W WE vlse Agel ¥zt w
29, 27 e ol ¥ #E 715
HsE AAste ¥4 47 dFEoly. o
dg dA beEe @2 Ala" a4 R
{25t R A Theetnatste AJre] 5
Ak el gAgel mhe} Aejd 4 gl
o Ala" A 2 HAE A o] E4
A FAH 2ddy 3 Alggold aga 7
Fo A4 d3E T8 Aa" AA AA
Aome] 84 =%, 7k e uteEs
HEso] HAY 7hagye Addste 4,
lsard 4 4 AA ds 49 aga
715 g T8k ddste Za A X A
&30l mzfo] hste A|2HE HAHCoE
HAZ & USRS HFS FotFe 4ge
g,

- 7eE TAR_LA &)

Az"le] 7F_Ae e FIEY F
A BHHL FAHLA gFEnt oy
TAHRAEL Ve Zze Jlesd
of == A HAA wFEe ge TF

A Ak gt

Fig. 7& A2d9 7l%ado] HeldQ

TAL A FEHE o F Rolu QTth

Tade] % EHHd 7AHLAE

FUNCTIONAL
REQUIREMENT

I BEAM EMISSION LASER l
| BEAM TRANSMISSION
LENS ]
[ BEAM REFLECTION
[ BEAM CONCENTRATION ] MIRROR ]
HEAM EMISSION
BLOCKING ISOLATOR |
REFLECTED BEAM
RLOCKING FILTER [
EXTERNAL BEAM
BLOCKING STATE }
SAMPLE
TRANSFORTATION
VISION |
[ SAMPLE ALIGNMENT
[ SAMPLE FIXING }f—/’{ VACUUM CIILCKR ]

Fig. 7 Allocate functional requirements to

physical components

ol A 7beks]A] #1048 A32, 20073 10€



A A Mg Mg gho] FAR A ALY
o] "t} & ¥l wEI|FE st HolAE
WAy 29, 9% d2 F S ge
ANA A WAee Hy g Ao g 7HA
I Qlojof . riFadde] 83U FA

2] 719 758

2 sl S5 adol dd A9 Fad T
Hazel 2% 9 & Atk o Al B
949 FHR2EY B HA WF gol
EEDIE EERTE S

- FH8aY B =3

Azde 28 BEAND F e 7
273} Ay BA WFG AF FES

g8 THeart 7lssd R A HA
TEE AL eAd dF EBHPAdS
Fote Aol Basith FH849 BT

=l
|74, g4 AA ¥ a8z 93
g9 FHA FERE 7He3HA I
Yoz M QoA ZElS
274 dAHAAE MEY AR
S HFsl= &4 (Top-down)

223 AL Edtste 1
LA dAFHAAA= A2 A
B3Aas AZse 432 (Bottom—up)

SYSTEM REQUIREMENT

CRITICAL DESIGN PARAMETER FUNCTIONAL
REQUIREMENT

PHYSICAL COMPONENT

RESPONSE rmr WAVELENGTH, POWER,

s pssion o TSR
ADATION TYPeS

BEAM
A

LENS

BEAM REFLECTION Q’.
R 1L CTION RATE. REFLLCTED ANGLE

Ty o ST
oo T ‘

BEAM EMISSION
RESPONSE TIME BLOCKING ISOLATOR

[ TRARSMISSION RATE
[
[
[

TRANSMISSION RATE. OF INCIDENTED BEAM, REFLECTED BEAM
BLOCKING FILTER
BLOCKING RATE OF REFLECTED BEAM
- EXTERNAL BEAM
TRANSMISSION RATE, BLOCKING RATE BLOCKING ve

[
I TRANSTORTATION ACCURACY -
[
{

REPETITION ACCURACY TRANSFORTATION W
ALIGNMINT ACCURACY. ALIGNMENT TIME__J4——]__SAMPLE ALIGNMENT
Fig. 8 Design process for laser micro

machining systems

Journal of KSLP, Vol. 10, No. 3, October 2007

Hol Atk o|HE 6}%“—1 s A%¢
3} 7 A AZ3}

s3hejor &
FAGo] Alzd 2
71%3634 A AA
ol FA QAo

ol)
o
rkfz é

4 9% wEe olul A%l A= o)A

U AEAsEY J15ede 9T 5
93, FHLLE WA HA WE Fel
A4S B3 N2we ATEAE 2sE
Ag hsal Azt WA 484 3F
Pe szl Az Qe dolA w)A)
7Hg Azgel mAY LTAGE VEAY

.
Azl 2R BEND £ U= 2
9 FHaxE] FAAY 2zke] FHLL
3l

.ﬂ

S BRI
FAG T A 2EE ?*33}% 2959 74
259 LFAFGe] EF ook
P 75 AR T 0] 45
4% 2T 2 9y dA BeE
B Aew AN AR, Ao
Nedgs 2e 272 A
aTNRE 22 AEtE 3
Nox Ayst el olssttd o rzi
stk otelel aTAbg Aele dolA )
A Ve Axd 4 ZRAsE 298
2 EUW doln 7HF Azge A
W FEe aFARn PSS AT
EABsHE g Holx o

rle

ot rr X

W Asg FEe) 274G
- RPN
L WA Alzde folnE shEaok Tk,



A2BA Hs S5 dolA vMZbEs A AL sl #ek A 23

- AsaTAe 4.8 =
D 7b& &2 10um °]s} o]ejof ot
- AFaTAe £ =RelME dold WA shF A
D 7bE S EE 500mm/s o]/Folol ok gl MA mEA~E A sd TEE A
g AA ZRAAE AaE FE T2 As
W e 2 o) #4l ZEAxe 2TANY B4, JlE
- 7L  HelA 4 2 g9, Aay 2f 2 A" HA
- 718 FAE 5t AL oY H(Tailoring)dte] o] A
CdolA e WE WEEopdit Al 7hE Bopel] €9=E 2 EHAY
- 4 AA e 2 7AE Hdeigol A8 ntel ZeAlas B3
B3 AIZE2 1% o]8k7h HeloF Frh g ooy Alzw g fHE Tzl
P EHE o 292 6W oAl 5o 71 dol @A Fsfokski= AN-7F
of gt} + woh wekA HolA ThE Al&EF Z
HEEE W Pl WA Fejolojor & AFER Az HEsy] fsiMe 9
3= TE gegste zlo] deasH, Z2Ax
B L 00 e X ostejol Fr o] #ME HH3 zdstn AT AF S
B BEge |MHz ~ 5MHz olejop & SR s Alado] dgtes Aot
s} = Aol £& Aoz wadth
o EEOAM Agree o)A e Al
Table 2= S7AMRS ®2 FAs o 8 24 Z2A2e o #Hexst o= gt
BolFEm gy mAe aPAge wxa el FES A B ool JhgelE of
7171 918 7% QFAIG 1 75 get  H HCIAE ARgskE Aol Foh #he VIS
B4 Ao Wi Wy g gelstn ge O BUS ©Asel w22 Ao
Aol FHAsE @Y AL B 5 vy, & A=Y &S Aesn A=l vE

Table 2 Reguirement documentation

L2 A 2xolH, go]
FUNCTIONAL CRITICAL DESIGN | FINSICAL
REQUIREMENT | PARAMETER & VALUL |COMPONENT Al mlA sbEe] ZE F9e HE8d
RESPONSE [0 - . -
TIME INSIDE 1S }1‘;1? Ov ‘%}3:]_%1 i"_ixﬂ v/_:o‘[ q_ ’:124, :ﬂ-ﬁ 0] _8_
POWER | OVER 6W L3l Aol EE Ausi: A=
BEAM | EMISSION | PULSE LASER jL(_) so° _O | AnE ddss o_ 8o,
EMISSION Pll\[}; EI TPYE Hgtstiz FAHolE, A A (Cleaning)sles F
BEAM REPETITIO 1\]\1 {15 FolE Azglol B =RoA A olslis =
CONTR N RATE M B B .
oo 2H~8 Hgsu nzo da= 2ne
Y BEAM s 3 N
S TRANSMIS Tﬂ-{}?}\]@ zf: 9\)\:—: }\]—}—\—Efg% /5741?’—_1- '{l: %}s%
. e Aoz sddnt £=3 o] AFHol gl
M R ECTON Nedlo] B mgold Aotehis Zasg
ST doz H§H Aol AxYe g ad
. | SAMPLE | RANGE Xy . .
SAMPLE) iovinG [TMovING |- STAGE 2 AHos 4 I, el Aujdt A A
CONTR VELOCTIYy | 300mmes e N o
oL SAMDLE 9] /§T°ﬂT /é].ﬁﬂ '%;].?_E :H'Uéﬁ]—t‘:ﬂ }‘]'%
Aol g 7 A+

g=dlol A 7Fgats| Al A|10A A3%, 2007d 10€



24 4% -9 Y - g97lF

AEHo =2 #HolA mA 7 AxH"E 12. 458§, “GAFA AN=dE 4% F
AER ez MEstr] M E A" A7 AlEstd AA B oldidta o
Al E2S 93 2ulE A" dA Xz g BAL e =8 2003, 08
A&7 23, B =FolA Aoks A~ 13. Malcolm Gower and Nadeem Rizvi,

8 A Za2E HLdld A2de A

ﬂ]QmAV\ TN Al SAEF= A
MR} e o) 23
aTae

e BAE

“olA 7tE 7esd

AV, EFVYAFAT, Ao~
2. BAGAEAuATY, HA Y S
9 7l %7, 2003. 6.
3. 49%, Hed, 242 AT /%9 4
2 59, ETFAYRFAT, (F)H|ok
e

%,@%3, QO%
“HolAel FAWE} AWy duE
o mAls I¥7, dxuolAtE s
A44 A2%, 2001. 8.

6. AAE, ‘Aol g8 FFAR vhol
Az 7487, =Tl HBATY KISTL

X
élo*—’., :

_ﬁﬁ

7. H93, ‘oA stE e AR F
A, Fretrled BT A(KISTD.
8. 293, “dolAd 4% wATE 7HF

717, =3 e 4 BATL(KISTD.
9. V= AR, AE, “YolA JF e
- ASAEENRIAT 2002
10. Martin, J. N., Systems Engineering
Guidebook: AProcess for Developing
Systems and Products, CRC Press,
USA, pp 71-80, 1996.
DAE, B AYZzAEE 9@
AE, T2AZ L Y FHEA B, o
Fligtw dgd @AE=E, 2007, O1.

11.

i

Journal of KSLP, Vol. 10, No. 3, October 2007

“Application of laser ablation to
microengineering”, Hanborough Park,
Long Hanborough, Oxford OX8 8LH,

United Kingdom.



