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Development of Laser Ablation Integrated Simulation Program for
Windows with Visual Fortran and OpenGL
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An integrated simulation program for virtual laser ablation is developed to help understand and predict the effects of
machining parameters on the final machined results. The main solver of the program is based on the model for polymer
ablation with short-pulse Excimer lasers. The GUI of the program is built using Visual Fortran and OpenGL so that the user
can work in a visual environment, such as Windows on a PC, where the important machining parameters can be input via
a dialog box and the calculated results for the machined shape can be plotted by means of a 3D graphics window using
OpenGL. The developed GUI can be implemented for use with most pre-developed FORTRAN solvers for Windows
application, allowing the user to control the input parameters and to see the results in a 3D plot; hence most FORTRAN
users could create their own visual programs on PC Windows systems similarly, widening the range of application of
FORTRAN solvers.
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1. ME
NOMENCLATURE

PCoj| A AAAF] sl sl da] o850 2 X =AY
zZgay doj= A9 Fortrans o838l ghoLt, =927 9
SGAA7L HHESHE ] mEl GUIE B3l Bt A1ZHQ1 3o
A AR B WS dEsiL AL Aaks ey 29
FEE Fstes LAl siAstr] fA Hol&E Bart Fist
11 9l C EX Visual Basic?} Z+8 =9 -8 ¢dojE AR}
A B 2 o) 5ol AnbAo]7]= it WhHo| Fortran <1
019 A= A ARl 8T ol 71X o] & FH
gk 220 glo|HeE|7t QAN PRbH e R HIEd SHo) 2=
T3 Aol HEEA] 2 A& ZHE AL ok = fofA
+ Fortran ZE2 TS 0|83 PCO| Y&-g- SFA|A||A vl
2ol oE 9 3D &3t AR S 4 Sl TR ZROHE

P = Laser beam energy per pulse
= Beam radius at focal position
H = Laser irradiance on surface of the specimen
d = Etched depth per pulse
f = Frequency of pulse laser beam
Xmin, Xmax, Ymin, Ymax=Non-dimensional value of minimum
and maximum X, y-ranges
a = Height of rectangular mask
b = Width of rectangular mask
h, 26 = Shape parameters of triangular mask

w = Radius of half-circular mask
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2. Visual FortranZ} WIN32 API &4E 0|2% GUI

A gl Akt dEEe
o

Bl & 4 e T Eil%“ TE5E Yol 1HE 4= Q)
= 1o Foll= C E= CH I} 7o) GUIE 73] 418 919
£ &89 Uﬂ 1 Z2IWS 7star, Akl AHE-E]= Fortran

HHEo DLL (Dynamic Link Library)2 =313l 0|5 3%
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ey Az v 22T dojof s osistar Jlojof s,
tha: AR WS 7 oF g
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Fortran®.2 7251 HSRE| shto] olojz 7y Faf Z=
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9] PC g4 EEle Z2IHE 9|dAl= Visual Fortran
I e A B8 83 4= glon H|FYd AED Qo] B3
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£ OpenGL go]| 2 8|2 & &3t} 10

Wﬂ"‘c}x}-—] =& Visual Fortran®] QuickWin Runtime
Library’S o] 938l u|mza 7hdskR|gH! o] HHe MSQ]
WIN32 API (Application Programming Interface)3<r5 &85

= AR A z2aeimo] obd Visual Fortrano] E3}
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E
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%] Solution 'InputLaserPlot2' (1 Project)
4 [ 1nputlaserPlot2
4 &l Header Files
B resource.h
4 il Resource Files
B Gridview.ico
[ Iconlico
B InputLaserPlot2.rc
4 il Source Files
@ Ablation.f90
B Axis.f90
Bicubic.f90
Colours.f90
Drawit.f90
EssentialGL.f90
Grid2.F90
Input.f90
Input2.f90
InputLaserPlot.fi
InputLaserPlot2.f90
InputLaserPlotGlobals.f90
Moving.f90
Scene.f90

PREFPFOPFPPRFPF B EE

Fig. 1 Visual Studio screen showing files included

HE AHgelRon, OpenGLRS BEela Alwelr] e
WIN32 API g9} Wel 3h(1%=9- FAAo A OpenGLS
o1g517] S1al F7bE By ARSSHAC.

Fig. 10f) 21800 Zghelo] Sl 42 7}, el 7l W
3lt] 2o /8-S H]lrt vy Syt RS QIR tieY
A elas seleap] FEE0] glon] At AFe
resource.h?] 3|t] T}Ao] A=) Visual Fortranof| A 24 o}
= A8 Hleiade == oF 20 resource.fd TS =3¢
AlAk Sh=d], *fd TS /57| sl slld Thd o] £/44%
o] Custom Build Stepoll | th&:2} 20| eistofof Sick.

Command line option: deftofd resource.h resource.fd

Output option: resource.fd

2o A AL Fortran904]9] 2 g oln] 3k
AF %90 9 o]5F ZH=r} dlojee] wEkE gt MW
(Global Variables)e] 41918 €J3} InputLaserPlotGlobals.f90x} &}
4=9] ¢lEHjo] A A9 $J3} InputLaserPlot.fio] u}elo] F7}x]
o] it} GUI 7|2 27282 InputLaserPlot2.f900. 2 A&
T w9l e S5k A3Ysk= WinMain $=2} A1 #] 22
£ dgdsl= MainWndProc =, T2 730] woat 3 o3}
‘32 (AboutDIg)2] HIAZ] A2lE Hddh= AboutDIgProcgH ==
TaE o] et el sigshe e TR ANE HEthe
Ablation.f90 ¥} 0]$715-8 HdsH= Moving.f90, #loAlo] 2
AbEls wi7iele e EF@sE| 98| 32 Tw s (Bicubic

=

Program:
InputLaserPlot2
o -1 InputDIgProc
Input: INPUTDATA RUtg
Dialog Box
Register & DB: N ryrrm—
Create Main Menu: MOVINGDATA ovingDIgProc
ind InputLaserPlot
Solver:
Laser Ablation
Message  L__[ MainwndProc
Loop Output:

OpenGL
3D Graphics

e quorg | AboutigProc ]
About Program AboutDlg AboutDIgProc

. Menu/Dialog Boxes Message Processing
Symbolss E ‘ & subroutines function

Fig. 2 Flowchart of simulation program combining GUI and solver
routines

Surface Patch) 2 X E=5}= Bicubic.N0O 2 o]F0 AT},

Atoll a3t Qi W= HES 147 8E $3t
“INPUTDATA” thakgS shdef Ueliar gisbdrte] £4 #He
ofut ol WS} 91w gHe AR B HelE ks
Input.f0, o|&7FEdele Ydsl= “MOVINGDATA” thskik-&
LR A1 sk Inpu2. 0002 AdElo] ol Aok i
A F U A] IYE2 OpenGL 3D 27t A o]t

el meagle] AAAR) F4 W SBEE Fig 29 20

o-9- -85}t

22 WS AgYshH ok Aol what XIS

(1) g)a mpdof -+t W-gof whel Main Window -2 55
SlaL AgeE § wAAE 7oA Hot wAR7F e W
of| w2} MainWndProcgt=ol| x| 2 8s1A| wA| A& A 2|s}A| Hr.

2-1) AGAZE w5 SholA W4 g (Datalnput) S A1
3t T )3} ARHINPUTDATA EX MOVINGDATA)E 3}
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22O A7) /EgEo] AR izt A Yol 2, &
HES 285t ohA] HiQl 3P o & Fote A Hr.

(3) &M= 27 E= o7k W™ ALRE =3fskaL
3D A9 HlolgE At F shdo| ‘AR’ HAIXE LE
WAL AREARS] A 7]kt

4) vl 34 ‘Plot3D Shape™E AeishH 7haE 49
3D A AmA] & HQl ol OpenGL 1ejg A FE1S o]-8-3
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SIS SHAU i RS BHES o83l Z5 B XS tisf

r
e

-



800/ November 2017

inputasertozec = X [

c InputLaserPlot2.rc
o] Accelerator
8 Dialog
"ABOUTDLG"
"INPUTDATA" [English(U.S.)]
"MOVINGDATA" [English(U.S.)]
O] Icon
g Menu
=] 'INPUTLASERPLOT" [English(U.S.)]
@ String Table
O] Version

Fig. 3 Construction of program resource file

SFoR BFATIA AN B4 Al 2 4 gk,

(5) 9 W] hBARE WER EXIT, ‘CANCELH|Eo]
U E2 HES YAt o o sheel dol Y=g 8 92
o} A AR vl 2 4 ek, ER SRS A9e BE

il

SPEOIA W4 QW 3D WY F'S bl A S 9o
o] W4 8 ATk A2 el 5
A .

WinMain 3= 2 MainWndProc 314== Lawrence?] A& 10=

sgshe A disHdAE Alotstal 3D g A shHE st

3

a2 3AS Fig. 337} 2ol S Eof glow, 53] v|ql A9
W5 SPHT JEHeES 93E dieldx 7t Sasitt. Fig. 39]
SR Al 7HAIIE ko] e thabgRiel = o] mdE s
tebdAtz SHgsklct. vlw-Helps AEd o spo] 7kedo
gt =2 i3 RE 96t fIgt s d A ABOUTDLG
= YuHARl thabdA; FAHR 2 (Modal) thaldAl= FHds)
aPAE @7] Aol thE "ol E7bssi.

7Fs dHlolEe] dEE 9Igh diSMdA  INPUTDATASE
MOVINGDATA= H|Ql Aol A 1€ dhabigziel vel 2] 3D
g e Al vehd 4 Q=S BEE] A (Modeless)
SRR skl me digbRE wEr] flsiAle
DialogBoxParam3l<pS, Rea|A 3R CreateDialogParam
S ARSI ZH R Help-About 7S AeHsr 79 met
AE W= T2 333}, AblationNoMoving W5 A
o 0] meels dEMRE vhes T2 99 g RES

ofeHol 2.

>

case(WM_ABOUT) =& tjsA=}
IpszZName="ABOUTDLG"
iret=DialogBoxParam(ghInstance,&
LOC(IpszName),hWnd,LOC(AboutDIgProc),0)
return

InputLaserPlot2.r..." [English(U.S.)] - Menu + X BEISI{ER i le\#A7e

File Options Help

Qatélnpixt...
Plot3DShape

V' Show Mesh

V' Show Axis

V' Show Surface
Fill Style 14
Mesh 14
White Background

AblationNo Moving
Ablation+Moving

Fig. 4 Screen capture showing program menu

Output: OpenGL 3D Graphics Routines

Subroutines contained in File Explanation
Set the pixel display f t
SetDCPixelFormat |EssentialGL.f90 et the pixel display forma
for OpenGL
Create bit font
MakeFont Scene.f90 -rea N .I map fon
display list
Create the rainb d
Contour_Colour  |Colors.f90 reate the rainbow an
grayscale colors
GridData* Grid2.90 Define the c'oordinates for
a 2D X-Y grid
Create a display list
CreateAxis* Axis.fo0 defining the X, Y and Z axis
with appropriate labels
Create display lists f is,
CreateScene* Scene.f90 reate cisplay Ists for axis
mesh and surface
Draw grid using display
DrawScene Drawit.f90 lists according to user
selections
Obtain the maximum and
maxmin Drawit.f90 minimum values for a given
data set

* : should be modified with user's data

Fig. 5 Subroutines for OpenGL 3D Graphics Output

case(WM_IDM_INPUT) =& tsiikzt

IpszZName="INPUTDATA"

ghDIgModeless=CreateDialogParam(ghInstance,&
LOC(IpszName),hWnd,LOC(InputDlgProc),0)

return

5 P Fig. 49} o] Hgdsiiod, wjl Aol v
Options- Datalnputo]| 4] AblationNoMoving T=*= Ablation+Moving
= AEs) 17Hs Exm oldThgel sddhe tiel RS ShHo
Lheul = 9lck.

ArFaaE 3D 2=z g sk Yelig= S48 'Y
2 Lawrens''S k11819 01, Fig. o] H¢lth. Fig. 5ol AREA;
o] glojEof BHA| Z2IgE FAfof Sk Fa * EAE £
ggolu, 1 9o 2EE AR Ak RS I FET 4
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ABLATION INPUT (JS MODEL) -
Case Selection

Nodes Setup

Xmin(non-dim value |.2.0
w.r.t. spot radius)

Pol 'mlde @193nm

PMMA @ 193nm e
PMMA @248nm Xmax(non-dim value)f 7 o
¥Ymin(non-dim value) [ 2.0
Ymax(non-dim value,
Beam Intensity s J20
Number of I-nodes
(odd number) |39
UNIFORM CIRCULAR Number of J-nodes
(odd number) 19
Beam Parameter Input
Pulse Energy(J) 0.002 Focusing Beam [7
Wavelength(nm) 248
Spot Radius(micron) [s0g INPUT DONE/EXECUTE
Focal Position(mm) [g.0 EXIT CANCEL
Number Pulses 1

Beam Quality 1.0

Fig. 6 Dialog box for data input (no moving case)

QIck. B AT AE ALgAR] MRS WMASES 1S o]
o 4R, ZDawdA, %0 FEAR, 3D G4 X, Y, Z
% FANES AR+ Askc

2.4 U ti=kE

tapdake] AAAQl FHE 5] flsiAl= Visual
Fortran®] 2|22 7|04 a4 2H(Dialog) ol 2& o5&
F7hetaL oA HA A Solf Bagt giEREs, oHE
AEE, HE, A|l=8ks 55 sijx|sto] 3t i ls =9t
T A BanE ZRIOYCA 28] ffsiA=  Include
‘resource.fd’ T 3ttt TR ARHLo= AES-
Fortranof| 4] AR8-5HEE 4] 2J% use IFWINAYH S ARG-ZITE

tapdare] 54 iAol 2713k UEAY =T

3 AR 83t ZHS ol7] $lailAl WIN32 API §=5
Shoith. YAEHAS o] §sto] AAdstglon sk At
AEs7] ¢JeliA+= SendMessaged=r=o]] LB ADDSTRING, A€
H =] &2 ¢lo] 2] A= LB GETCURSELS &
Qht}. 2 R0 e RS T P

mz

T o 0% o

ri e

hlist1=GetDlgltem(hDlg,IDC_LIST1)
iret=SendMessage(hlist],LB_ ADDSTRING,0,&
LOC('GAUSSIAN'C)) 2713k =™

iret=SendMessage(hlist],LB_GETCURSEL,0,0) X172 7]
number=iret+1

s ool Waw A dojHel e AAE Yk
SetDlgltemText, A<= H|o|E & ¢17] Y34+ GetDlgltemText2}
Chartoreald==22!, AS=djo|g& % 7] 984 GetDlgltemInt
=2 gasit} olgjo) g TE WL Holt)

MOVING DATA INPUT

Select Ablation Model Mask Geometry Input

J5(photo etching Rectangle: Width(micron)| 1000,
SSB(photo+therma Height(micron)| 1000,
Select Material Triangle: Height(micron)[ 1000,

Vertical Angle(deg)|gp,
Half Cirde: Radius(micron)| 1900,
Moving Parameter Input

Polyimide @193nm
Polyimide @248nm
PMMA @193nm
PMMA @248nm

Const Velodity(microns/s)| 100,

Moving Distance(microns)| 2000,
Setup Nodes
Xmin=0: Xmax(non-dim)[?
Ymin=0: Ymax(non-dim)W

Beam Parameter Input

Uniform Intensity/
Parallel Beam Only

Laser Fluence(J/am~2}jg, 5

Wavelength(nm) 248
Number of I-nodes,
Pulse Frequency(Hz) |10 (<=50, Odd number)|41
Number of J-nodes
Select Mask Shape (same as above)|41
Triangle(Iscosceles) INPUT DONE/EXECUTE

Half Cirde EXIT | CANCEL

Fig. 7 Dialog box for data input (moving case)

iret=SetDIgltemText(hDlg,IDC_EDIT XMAX,"2.0'C)
iret=GetDlgltemText(hDlg,IDC_EDIT XMAXtext,100)
XMAX=chartoreal(LOC(text)) !for real number
il=GetDlgltemInt(hDIg,IDC_EDIT INODES,LOC(result),&
.TRUE.) !for integer number

Fig. 60 T47Fg0) W4 el 91et oiatante] ehie ¥
B S Eelot.

A e} o) Yrke TR Ismeo] AElo] olck. AL
A e A mr Wgghe A 9 e,

Q) W= —F&*‘ Alg

(3) Wl

4) At (XY 2E]5) @AY 4= g

(5) W) E= WAy A

¢lglo] ¢h=EW INPUT DONE/EXECUTE HES 28| 7|

D

AbEHE HlolHE |7]A Hoh

Thd olE7hse] W e SRt e Fig. 73 o
TAE o Jom, ARARE thy Aol weh Waghe Al
SR

(1) ool a4 2l A=

() gid 24 A=

Ok L

(4) mka=0] B W

() °olF 7k W ClEESE Y olEA ) U

(6) At FAXY 12)=) % HH 4= ¢

olE7HEe] A A= EE FIY

HE

b

o Ir

o FYYL AL 271S
AR Sk gck. w5 Bt sk o] gjele Teidh SSB
B AT 4 U PAE] lon] uebd 4 mde
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Fig. 8 Shapes and dimensions of masks (moving case)

7] Foll A AEE 4+ Gk S EAA v ag ] 5
o) AMgBH wRAT Fig 8ol Bolt: Al 74A|2] B4 2k
A OFb, AlRa), oS M R olh, BHZE 20), 3
AFAB W) AP FolH At 217ke] o] Bag
WAk gk sk el

3. Visual FortranZ} OpenGLEIHE 0|28 A E=20 M2

3D 2= &

3.1 OpenGLel=E 0|88+ 12iHEe| 4y 3 3DEH
Visual Fortrano| 4] OpenGLE<=& ARE317] QlafiAe WA =
23 AR use IFOPNGL E= use DFOPNGLYHHS A}
83t} 1% Fortranof| 4] AR8-3H= OpenGL 4] 2}(Identifiersy=
C Aofolld e} Apaxte} frafshe, HFAF gl o] fgl 2, GL &
FGL 2 W7E). that Zo] L9AA=5E WM_CREATE
HARE S OpenGL dH Y HHAES BAJosHes vl
Zs}al, WM_DESTROY WAAE W5 v 2] Z=5 x5t
c}. 1012 o}gfj o] SetDCPixelFormat &= Tk
A9t

TS At

case (WM_CREATE)

hde=GetDC(hwnd)!%3] ZIEIAE w3}

call SetDCPixelFormat(hdc)! =320 A eH
hre=fwglCreateContext(hdc)!'HIE P AHEAE YA
bret=fwglMakeCurrent(hdc,hrc) 1 Z-A] S}

return

case(WM_DESTROY)

bret= fwglMakeCurrent(null,null)! A HAENAE A
bret=fwglDeleteContext(hrc)! 4| 7|
bret=DeleteDC(hdc)
callPostQuitMessage(0) !5 Z H A] K]

return

AUl 02 OpenGLESE o] &3] #Hof 13L& 1Y m=
WM_PAINTHIAA7E A28 djufeh =99 BeginPainte}
EndPaint3}= Alo]o] OpenGL3IE JLAIE A H2ES Hjx|3)
Hol} o] g 1ewE dch. 2,

case (WM_PAINT)

iret=BeginPaint(hwnd,ps)

call DrawScene(hdc,nAngleX,nAngleZ) !Plot routine
bret=EndPaint(hwnd,ps)

return

o WAAZE A o A oAl 2 287t 3l B9l
= InvalidateRectdE ARESHH 71cdsict =

case(...)

bret=InvaliateRect(hwnd,NULL_RECT,.FALSE.)

return

OpenGLolH EFER] 3RS AFg3l7] SIshA: Welghns
AR 4= qlok HIET P49 2D "AE E9S fleiie
wglUseFontBitmaps, 3D B]|AEGIE 95t 3D &2 e
4= wglUseFontOutlines 32 AR5}

7|24 %1 A7go] L= ECH, OpenGLEE ©]-8-38f thafst
3D AHE Zh= S v 5 Qlnh olE S0l HIdl Y] =2
717} Wslsh= -9 WM_SIZEH| A A7} A sk oo & =27]
off S| oAl AAL] fleiAE the AlE wEth WA Ao
i} o5 M= Fotal FRHIE AXRRITE 33 A4S UE
7] Qs Fguighs A5kl FARIREAS oA AT
Tol FEE A WS A A7)0 ghe g ohA] A3 &,

case (WM_SIZE)

glnWidth=LOWORD(IParam)
ginHeight=HIWORD(IParam)
gldAspect=DBLE(DBLE(glnWidth)/DBLE(gInHeight))
call fgIMatrixMode(GL_PROJECTION) =A== 2 327
call fglLoadldentity()

call fgluPerspective(DBLE(ViewAngle),gldAspect,&
DBLE(1.0) &!distance to near clipping plane
DBLE(100.0)) !distance to far clipping plane

call fglViewPort(0,0,ginWidth,glnHeight)

return

zg o] s 3D &8 FH2 Fig. 5o <l uie} o]
Lawrens®] A2 & 7[|Hlo 2 8|t glo|g AR, Z-DatariA
2, Zo] RFEAR, 3D B X, Y, 25 BANIE 449
2Hgskgint. 71402 WM _TIMERHAAE o838 ARGAF7}
U 7 Space Bars 0]-83fl 3DPYS 752 SR AH5S
2 sdAgAshE skt =,

logical::animate=_FALSE.
case (WM_CREATE)
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nTimer=SetTimer(hwnd,1,50,)
return

case (WM_TIMER)!50d 2] Zu}ch
if(animate) nAngleZ=nAngleZ+2
if(nAngleZ>=360) nAngleZ=0
bret=InvalidateRect(hwnd, NULL RECT,.FALSE.)
return

case(WM_CHAR)!IAH 0| AHLE o]23] 374 /AR A
select case(wParam)

case(ichar(' "))

animate=.NOT.animate

= 4 AFEed

return
end select

return

ol Hefe] HlolelE DO R Shelo] SR e A
HRo LiojHi).

(1) 7% wAIg e o] 224 uid x(ix,iy), y(ix,iy) L2 = ©
o[l 1AM HIE xp(i), yp()= $olEolal, AAAE 849
Y] A3 Grid(Icount, 1:4)7} AZAAZIC}

(2) $19] dlolEE o]&3f fglBegin(GL_POLYGON), fglColor3f
fglVertex3f(xp,yp,zp)..., fglEnd() HHZ Y7]o] EXH <
Asks AARES A e
COMPILE), ...,fglEndList() HH o2 oju] HujdzgL FH 2| AE
2 Aelert. 7w SAZR = 27100 vt Asyshd Fok

) ST A YA S o ) 190 A ol
Bpow ojn] hEolXl HAES slAe 3D Bl BaolE
Hek 9 Sghe A 2 EYgitt o] ]
23 o8} 2o,

|
rr

subroutine DrawScene (hdc,nAngleX, nAngleZ)

call fglClearColor(0.9,0.8,0.6,0.5)

call fglClear(IOR(GL_COLOR BUFFER BIT,&
GL_DEPTH BUFFER_Bit))

call fgIMatrixMode(GL_MODELVIEW)

call fglLoadldentity()

call fglTranslatef(0.0,0.0,-25.0)!0] 53}

call fglRotatef(-90.0,1.0,0.0,0.0)!%7]3]4

call fglRotatef(REAL(nAngleX),1.0,0.0,0.0)!x=5413]4

call fglRotatef(REAL(nAngleZ),0.0,0.0,1.0)!z=54] 3] %

call fglCallList(PlotList)!"]|2] #A3lE | AE7FA 2

bret=SwapBuffers(hdc)!c] EH 2] OpenGLA ARE-A]

return

3.2 2|0|x] of=2o|M 7k AlLHEIe| 3DEH
3D 440 4] At At 7dhE 2wt Ane Y

, fgINewList(PlotList, GL

. — -
(5 Depih of Abated SHAPEITOBiste o)eck move mouse while deprakang eithr et or right mouse button: OF press Space Bar 0 starstop animation

100 10000

Fig. 9 Screen capture during execution of program (no moving case)

(Z)DEphof ADIied SHaPE T It object, move mouse while depraising either left or right mouse button: OR Press Space Bar to startstop animation
|[Fie_options _telp
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Fig. 10 Screen capture during execution of program (moving case:
rectangular mask)
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Fig. 11 Screen capture of etched shape using rectangular
mask(moving case)

glt}. 2 =R A= Akt =4 glo]ElE OpenGL =5 ©]
3 Q] Yol HA| = FHek= 3D ey spHo R EE
Sh=t] FRME FaL glom ool B 71| A1 -9
AaE Helh

Fig. 92 147159 ¢ Gaussian ZZEE32, B o]
=0.002J), A =10, 2H02HE #Aa W=0mm, M>=I,

op
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Fig. 12 Screen capture of etched shape using triangular mask
(moving case)
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Fig. 13 Screen capture of etched shape using half-circular mask
(moving case)
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FojAH] FAME =0.5(J/cm?), T =248(nm), AU 0] Fuj:
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o] = ARBSIGITh Figo 100 ZAR2FE wpA=(1000 gm x
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o} TRHELC] 75 Aol A A A Q‘ﬂff‘ = Uk Al
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Fig. 130] ehgict.

ojujx|e} ffolA & FFo=

oA AASIeL FRE91) ZHE WAl MRS 2
Q13 4 Ich. AAREL AT R A Fefoln] SR
we mhaze] vl YA Fuk el o 7k il &

ro
ok
+

lck.

ol

3.3 Visual Fortran Sgt Z= 7@ 1% Zdujof| cligt o0&

o Hojlxl= A SpHRES Holal QAN AA| 2] A
YAlol= vl 2l FAke] 3D 7hyE Ay 3 ShHol| A
upoAR BHAIAL Bl AEoR S Yoz A 8
Q1 7ssict. Bet ate] ARk Amle] A9l X, Y, Z A
Pz Bolxz Holel 413 W= 3D ofulx|= sho] T
% 4 9l

Visual Fortran2 ©]-&3] WIN32 APISH 2 OpenGLZ GUI
2 23 Avet YES A Colol2 Te GUIS 753 2
shete] Gerde ulams) 1 okt 2.

(1) CHoIE o83 dA == 2 2 APl <= Visual
Fortranol A A|t|2 53] glob T T8 olgajo} o= 7
S I3tk olshae] EREEA oAl AEEEAS o)ga
= Aoz dAsiglen], A4y HolHE 7l flEiAe
GetDlgltemText2} Chartorealgl=22! 22519 E]-

(2) A= Aol H|ERY o]u|A| & EE5h= 75
2% GUI EX Visual Fortran®] QuickWin E}O]HE{E] o=
BAIglo] AESHAT, WING2 APl 92 o} 83 = 253}
it

(3) GUISH At &8i7h st =22 1ofQl FortranC 2
o] BT TS FET 4 ol W Ul 2 4
olch. AgAJe] BHo) B QIS YRR FASH
o] i AERRS 45t 7]E9] Fortran Solvers Hl= &
89 vF BH0] QIEURE 2 AR TS 8ol

spAl 723 4= ek

R

0

% b

4. 4E
H =Fo|X% Visual Fortrant} OpenGLZ ©o]&3f] 7]&9
Fortran 22> 2 TRS o]-@shHA A= S04 {783 5

3 Z@ @S &3t AE qokshd thea) gt

(1) WIN32 API &5=2 o|&3) 92 w2 shuo)A| Lols}

A A 4= Sl RIS =8kl

(2) OpenGLZ o83l AXETE AA 3P E= 3|Msh=
3D 1Y shHo g ZE¥sleE shgrt.

(3) oA Y=g GUILZTAEL Fortran A4 &7} vk
S04 Q= lolA7Es Aol eI A oM«l
S Z2IS Jdsklch AREARE dHlolE Y A
shoA =8-S Wolrh HalA A HeE YE
o, AAF k= 3D Yo R ShHo| SYEER o]
4= Utk

Fortran ¢1ojof] %13k 9} 9l 338} Fofo] ARGAHEoA]
A BlFY BHolA dEgS AT 4= e BESHE GUIE
ol-g-3HH AF7HA] N Ee -§-820F9] Fortran 222 27
Ho] EHE A oA agHor AN 5 gl 1§
& 7FsAdol e 2 Ae= Azt
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