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ABSTRACT

This research is the study and fabrication of a single mode tapered fibers. Such a device
was fused by using oxygen-butane heat source with temperature range of 700-1,000 °C, then
pulled along the fiber length using computer control system. The device was tested by launching
a HeNe laser with wavelength of 632.8 nm into one end of the input fibers. The output ends were
connected to the photodetectors where the computer control system was employed. The principle
of the device is that the coupling light between two fibers is occurred and observed when light is
propagated into the tapered device. The output power is detected and formed the sinusoidal signal
waveform. Results of the experimental data have shown good satisfaction with the numerical
simulation data, where the average beat-length of 4.0 mm was observed with 9.55 percent of
error. In application, the device was submerged into the environment, then the coupling power
was detected using OTDR. A loop-mirror fibers was also used to investigate in the experiment
whereby the coupling power variation was observed, where the results have shown the potential

of using such a device for sensor applications.
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oE, OE,\. (oE, oE,\. (OE, OE, ),
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oy & oz ox & oy
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(2.17)
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, i g
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(2.18(9))

(2.19(n))
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—  OH
- JfH, - % = joik, (2.19(%))
0H, oH =
-2 — jweE 2.19(A
™ JwekE, (2.19(7))
oF, = o
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A
_  OFE —
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oF —
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joe + B E = oH, +—’§—6E’ (2.22)
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_ oH oF
2 2 .|
" HE — =—J| @ =+ £ (2.23)
( pe—p )E J( U % )24 ™ J
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} 4

UULAY x Al

= —J H o,
E, = —i(a),u%}L B—= (2.24)
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y KZ [ﬂ ay @ ox J

quUMT (2.24) ﬁ\i (2.27) Li‘luﬁun‘lsmmﬂum"lmlﬁmazﬁu‘mun'mﬁn“luumunu X

& <o v [ LY [ Y
uas y mdLﬂuWﬂﬂ%uﬂlmﬁu‘mW‘ﬁ‘luaxﬁmmmmaﬂ‘luumunu z UasaoanfoInuAIny

Y A a A v o A V=
mmmiﬁﬂmfmmimsmaaummﬂammmmzmuﬂu z ealudlounum H, way H,
adluaums (2.19(a)) o2 1dwadns S

j gazE *H, j 0'E,

wE = a)sE (2.28)
axay WS K”Baxay K2

,3

Y

3 o & ;
Taomsguday K2/ os Meaosdnaumses [duadnsasil

27 27
aaxli’ + aayli’ +K’E, = (2.29)

wazTavisadwiufounuan E, way E, luaums (224) uaz 2.25) aelu

v
auMs (2.20(a)) 92 1AHadNEAIH



b4 v
1 aumsiugudmivvioviuas uagawisadoulieglugUnaly1dd

Tash

16

0’H, 0°H,

z

axZ ayZ

+K*H, =0 (2.30)

a 4 A o ‘é =
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+K?E =0 (2.31)

+K*H = (2.32)
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2 2
Vi= 27+—a-—2— (2.33)
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E (x, ¥, z) =e (x, y)exp(iﬁz) (2.42)

H (x, y,z)=h(x, y)exp(iﬁz) (2.43)
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Tusunsu BCOUP.BAS

DECLARE SUB POWER2 (p1, p2, x)

DECLARE SUB ocop ()

DECLARE SUB HEAD ()

DECLARE SUB HEADO ()

DECLARE SUB sensor ()

DECLARE SUB init 0

DECLARE SUB reanal ()

DECLARE SUB RADIUS (y1, y2, x)

DECLARE SUB POWERI (y1!, y2!, x!)

REM DECLARE SUB POWER2 (y3!, y4!, x!)

REM DECLARE SUB POWER3 (y3!, y4!, x!)

DIM y1(500)

DIM«y2(500)

DIM az(10000)

CLS

PRINT "**********************************************************"
PRINT "* This is the graph simulation program, which is usefull for design *"
PRINT "* fused tapered devices and simulate graph of external perturbation *"

*

PRINT "* to coupling power.

PRINT "******************************************************‘****"

PRINT " "

PRINT "******************gk************************************"
PRINT "* My Menu *

PRINT "* 1. Design a fused tapered devices. "

PRINT "* 2. Simmulate graph of external reflective index perterbation. *"
PRINT "* 3. Reanalyz some graph which was excuted. !
PRINT "* 4. Design a fused sensors devices "

PRINT "*******************************************************"

LOCATE 22, 5: INPUT "Which submenu you want to excute.", m$
IF m$ = "4" THEN sensor

IF m$ = "3" THEN reanal
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IF m$ ="2" THEN ocop
IF m$ <> "1" THEN GOTO 200
CLS
pi = 4# * ATN(1#)
ix=1
m=0
HEAD
LOCATE 26, 10: INPUT "Enter the length of soft zone ", iz
FOR jl = .01 TO (5 * iz) STEP .01
dz=0
dn=0
az=0
vz=0

uz=0

Im=0
1=jl+iz
i1=INT(1/2)+ 1
jx=0
gama = (4 * (EXP(1/ (2 * iz)) - 1))/ (Gl +iz) ~ 2)
Af=.0000625 * (EXP(-jl/ (2 * iz)))
dz=(1-(1/14D*2)" 5
dn=((1.46"2)-1)".5
g = gama
FOR z=-il TO il STEP .01
az=Af*(1+(g*(z"2))
IF az > .0000625 THEN GOTO 100

jx=jx+1
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Im =1m + .01
az(jx) = az
vz=(2 * pi * az * dn)/ (633 * 10" -9)
uz =2.405 * EXP((-1) * (1 - (dz/ 2)) / vz)
wz=((vz*2)-(z*2)".5
kz=((wz/pi)~2)*(1-(13/(16 * wz)))
cz=dz*kz* (uz"2)/(az* (vz~3))
dcdz=.01 *.001 *cz
sdc = sdc + dcdz
100 NEXT z
pl =(COS(sdc)) ~ 2
p2 = (SIN(sdc)) ~ 2
y1(D=pl
y2(j1) = p2
x = INTGL * 50) + 40
y3 =270 - (200 * p1)
y4 =270 - (200 * p2)
CALL POWER2(y3, y4, x)
~ NEXTjl
xa=INT(x/8) +1
ya=INT(y3/15)
yb = INT(y4 / 15)
LOCATE ya, xa: PRINT "P1"
LOCATE yb, xa: PRINT "P2"
101 LOCATE 26, 5: INPUT " Do you want to save this model."; sel$
IF sel$ = "n" THEN GOTO 200
LOCATE 26, 5: INPUT "Enter the name of file which you want to save(RA*.dat)", na$
OPEN na$ FOR OUTPUT AS #1 s
WRITE #1, jl, iz
FOR junl=1TO jx
x1 = y1(jnl)
x2 =y2(jnl)
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WRITE #1, x1, x2
JEOF =jJEOF + 1
NEXT jnl
CLOSE #1
200 END

SUB HEAD
CLS
SCREEN 12
LOCATE 4, 6: PRINT "Relative Power(%)"
LOCATE 5, 2: PRINT "100"
LOCATE 11, 3: PRINT "50"
LOCATE 17, 4: PRINT "0"
LINE (40, 70)-(40, 270)
FORI=0TO9
y=(1*20)+70
LINE (38, y)-(42,y)
NEXTI
LINE (40, 270)-(440, 270)
FORI=0TO 20
x=(I*20)+40
LINE (x, 269)-(x, 271)
NEXTI
LOCATE 18, 14: PRINT TAB(5); " "'; TAB(18); "2.0"; TAB(30); "4.0"; TAB(42); "6.0";
TAB(55); "8.0"
REM ; TAB(66); "10.0"
LOCATE 20, 36: PRINT "Elongation Length(mm)"

END SUB

SUB BEADO
CLS
SCREEN 12



LOCATE 4, 6: PRINT "power(%)"

LOCATE 5, 2: PRINT "100"
LOCATE 11, 2: PRINT "50"
LOCATE 17,3: PRINT" "
LINE (40, 70)-(40, 270)
FORI=0TO9
y = (I *20)+70
LINE (38, y)-(42,y)
NEXTI
LINE (40, 270)~(540, 270)
FORI=0TO 25
x=(%*20)+40
LINE (x, 269)-(x, 271)
NEXT 1
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LOCATE 18, 14: PRINT TAB(5); "0"; TAB(18); "1.0"; TAB(30); "2.0"; TAB(42); "3.0";

‘TAB(55); "4.0"; TAB(67); "5.0"

LOCATE 20, 45: PRINT "length of movement(milimeter)"

END SUB

SUB reanal
DIM az(1000)
DIM p2(500)
CLS

PR‘[NT 4 3 3k ok 3k o sk ok sk e ok ok ok 3 ok 3k 3 ok ok 3 3 e 3k Sk ke ok ok e ok Sl e o ok 3 ok sk ok ok e o Sl e ok ok e e ok e ok e e ke ket

PRINT "* SUB MENU
PRINT "* 1. Reanalyz graph of fused tapered devices

PRINT "* 2. Reanalyz graph of external reflective index perturbation *"

PR‘[NT 11 sk o o ok e ok 3k ok 3k 5k 3k ok o 3 ok ok 3 ok ke o ok o o ok ok ok ok e o ok 3K ok e o ook e Sk ok ok ok ke ok ol ok o ol ke ok ok ok ol ook ook k kR ok Rk ok

*1

*t

LOCATE 15, 5: INPUT "which item do you want to reanalyz"; m$

IF m$ ="2" THEN ocop
IF m$ <> "1" THEN GOTO 1004

LOCATE 20, 5: INPUT "Name of file you want to test", naf$



na$ = "c:\patt\" + naf$
HEAD
OPEN na$ FOR INPUT AS #2
INPUT #2, jx, Im, jol, iz, iol, 1, Af, gama
FORjl = 1 TO jx STEP 1
INPUT #2, az
az(jl) = az
x=INT(Im *j1) + 40
y1 =170 - (1000000!) * az(j1)
y2 = 170 + (1000000!) * az(j1)
CALL RADIUS(yl1, y2, x)
IF az(j1) = 0 THEN GOTO 1003
NEXT j1
LOCATE 20, 45: PRINT "length of tapered( "
LOCATE 20, 63: PRINT Im; "x mm )"
1003 CLOSE #2
1004 END SUB

T15un53 OCOUP.BAS( #38 SUB OCOUP lulisunsy BCOUP.BAS)

SUB OCOUP

DECLARE SUB POWER2 (y3!, y4!, x!)

DECLARE SUB HEADO ()

CLS

DIM az(2000)

DIM p1(500)

DIM p2(500)

PRINT "This program is designed for study of the external perturbation.”
PRINT

INPUT "Enter the length of soft zone ", iz

INPUT "Input length of elongation”; jl

LOCATE 20, 1: INPUT "Input lenght of thin film(100xmm)."; tf

INPUT "Input external reflective index"; nx
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INPUT "scanning step"; stl
Pi = 4% * ATN(1#)
ix=1,m=0,dz=0,dn=0,az=0,vz=0
uz=0,kz=0,cz=0,cdz=0,sdc=0,l=0,lm=0
1=jl+iz
il=INT(1/2)+1
jx=0
gama = (4 * (EXP(j1/ (2 * iz)) - 1))/ ((G1 + iz) ~ 2)
Af=.0000625 * (EXP(-j1/ (2 * iz)))
dz=(1-Q/147)~"2)".5
dn=((1.46"2)-1)".5
g =gama
FOR z=-il TO il STEP .01
az=Af*(1+(g*(z"2)
IF az > .0000625 THEN GOTO 100
jx=jx+1
Im =1m + .01
az(jx) = az
PRINT az
100 NEXTz
HEADO
FOR jzs = -tf TO (jx + tf) STEP stl
jl=0,dz=0,dn =0, vz=0,uz=0,kz=0,
cz=0 cdz=0, sdc=0, n=1, im=0
IF jzs = 0 THEN az(0) = .0000625
IF jzs < 0 THEN az(j2) = .0000625
IF jzs > jx THEN az(j2) = .0000625
FOR j2=1TO jx STEP 1
IF az(j2) >= .0000625 THEN GOTO 1010
IFj2<jzs-tf THENn = 1!
IF j2 <jzs THEN n = nx
IFj2>jzs THENn=1!
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dz=Q-(1/147~2)".5
dn=((1.4622)-(a"2)".5
vz=2*pi*az(j2) * dn/ (633 * 10~-9)
uz = 2.405 * EXP((-1) * (1 -(dz/2))/ vz)
wz=((vz*2)-@z*2)".5
kz=((wz/pi)~2)*(1-(13/(16 * w2)))
cz=dz *kz * (uz "~ 2)/ (az(j2) * (vz" 3))
dcdz=.01 * .001 *cz
sdc = sdc + dcdz
1010 NEXT j2
jn=jn+1
pl = (COS(sdc)) ~ 2
p2 = (SIN(sdc)) ~ 2
x =INT(jn * st1 /2) + 40
y3 =270 - (200 * p1)
y4 =270 - (200 * p2)
CALL POWER2(y3, y4, x)
NEXT jzs
xa=INT(x/8)
ya=INT(y3 /15)
yb=INT(y4/ 15)
2010 LINE (50, 330)-(100, 330), 5
LOCATE ya, xa: PRINT "P1"
LOCATE yb, xa: PRINT "P2"
LOCATE 21, 20: PRINT "P1"
LOCATE 22, 20: PRINT "P2"
LINE (50, 345)-(100, 345), 2:
REM LOCATE 24, 6: PRINT "This graph was simmulated by the external efect to coupling
ratio,"
REM LOCATE 25, 6: PRINT "which was perturbed by"
REM LOCATE 25, 28: PRINT (il / 100)
REM LOCATE 25,33: PRINT " "
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REM IF nx = 1.33 THEN LOCATE 25, 32: PRINT " mm of water thin film and move along"
REM IF nx = 1.45 THEN LOCATE 25, 32: PRINT " mm of glycerol thin film and move along"
REM LOCATE 26, 6: PRINT |

REM LOCATE 26, 14: PRINT " mm of tapered."

END

SUB init

dz=0, dn=0, az=0, vz=0, uz=0, kz=0
cz=0, cdz=0, sdc=0, 1=0

END SUB

T1lsunsu SENSOR.BAS( 1158 SUB sensor 141151053 BCOUP.BAS )

DECLARE SUB HEAD4 ()
DECLARE SUB INIT4 ()
DECLARE SUB POWER4 (yl1, y2, x)
DIM y41(500)
DIM y42(500)
DIM x4(500)
DIM R4(500)
LOCATE 5, 5: PRINT "This is designed for a fused tapered sensors”
pi=4# * ATN(1#)
CLS
LOCATE 15, 5: INPUT "Input end of taper length"; 1
LOCATE 16, 5: INPUT "soft zone"; iz
HEAD4
FORj=.1TO1STEP.1l
gama= (4 * (EXP(G/(2*iz)-1))/(+iz)*2)
Af=.0000625 * (EXP(-j / (2 * iz)))
g = gama
IL=INT(( +iz)/2)+ 1
sdc=0
FOR K =1 TO 459 STEP 1
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n=1+(K/1000)
FOR z=(-IL) TO (IL) STEP .01
dz=(1-(m/ 147 2)*.5
dn=((1.4622)-(m*2)".5
az=Af*(1+(g*(z"2)
IF az > .0000625 THEN GOTO 104
LOCATE 21, 5: PRINT az
vz=2%*pi*az*dn/(633*10-9)
uz =2.405 * EXP((-1) * (1 - (dz/ 2))/ vz)
wz=((vz*2)-(uz”"2N*.5
kz=((wz/pi)~2)*(1-(13 /(}6 * wz)))
cz=dz*kz * (uz*2)/(az * (vz* 3))
dcdz=.01 *.001 *cz
sdc = sdc + dedz
104 NEXT z
Pl=P2=yl=y2=x=0
P1=(COS(2 * sdc))* 2
P2 =(SIN(2 *sdc))* 2
y41(K) = 270 - (P1 * 200)
y42(K) = 270 - (P2 * 200)
R4(K) = y41(K) / y42(K)
x4(K) = ((n - 1) * 1000) + 40
LOCATE 22, 5: PRINT sdc, y42(K)
114 NEXTK
LOCATE 23, 5: PRINT K, y42(1), y42(330)
IF ABS(R4(330) - R4(1)) <.9 THEN GOTO 204
FOR ik =1TO 459
yl = y41(ik)
y2 = y42(ik)
R =270 - (50 * (y1/ y2))
x = x4(ik)
CALL POWERA4(R, y2, x)



NEXT ik
ixn = INT(x4(459) / 8)
iyln = INT(y41(459) / 16)
iy2n = INT(y42(459) / 16)
LOCATE iy2n, ixn: PRINT "L="; iz +j; " mm";
LOCATE 20, 5: INPUT "Do you want to save this model.”, P$
IF P$ <> "y" THEN GOTO 204-
LOCATE 21, 5: INPUT "What the name of file.", name$
LOCATE 22, 5: INPUT "What the number of file.", file#
OPEN name$ FOR OUTPUT AS file#
FORi=1TO459 STEP 1
PRINT #file#, y41(i), y42(i), x4(@)
NEXT i
PRINT #file#, 1, DELZ, gama, Af
PRINT "save aleady"
CLOSE file#
GOTO 205
204 CLS
HEAD4
205 NEXTj
GOTO 3004
304 CLS
LOCATE 16, 5: INPUT "Do you want to rewrite this model", P1$
IF P1$ < "y" THEN GOTO 3004
LOCATE 17, 5: INPUT "What the name of file", name$
LOCATE 18, 5: INPUT "What the number of file", file#
OPEN name$ FOR INPUT AS file#
FOR ix =1 TO 459 STEP 1
INPUT #file#, y41(ix), y42(ix), x4(ix)
yl = y41(ix)
y2 = y42(ix)

x = x4(ix)
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CALL PGWERA4(y1, y2, x)
NEXT ix
INPUT #file#, |, iz, gama, Af
LOCATE 20, 5: PRINT "length of taperd”; 1 + iz, "mm"
LOCATE 21, 5: PRINT "soft zone", iz, "mm"
LOCATE 22, 5: PRINT "GAMA", gama,
LOCATE 23, 5: PRINT "minimum of radius", Af, "m"
CLOSE file#
LOCATE 26, 5: INPUT "Do you want to do another model", P2§
REM IF P2§ ="y" THEN GOTO 304
3004 END
SUB HEAD4
CLS
SCREEN 12 ‘
LOCATE 4, 4: PRINT "% RERATIVE POWER(Pr)"
LOCATE 5, 2: PRINT "100"
LOCATE 11, 2: PRINT "50"
LINE (40, 70)-(40, 270)
FORi=0TO9
y=(1*20)+70
LINE (38, y)-(42, y)
NEXT i
LINE (40, 270)-(540, 270)
FORi=0TO?25
x=(i*¥20)+40
LINE (x, 269)-(x, 271)
NEXT i
LOCATE 18, 14: PRINT TAB(5); "1.0"; TAB(18); "1.1"; TAB(30); "1.2"; TAB(42);
"1.3"; TAB(55); "1.4"; TAB(67); "1.5"
LOCATE 20, 45: PRINT "external reflective index"

END SUB
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SUB INIT4
dz=0, dn=0, az=0, vz=0, uz=0,
kz=0, cz=0, cdz=0, sdc=0, 1=0
END SUB

SUB POWERA4 (R, y2, x)
PSET (x,R), 5

REM PSET (x, y2), 2

END SUB
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T1sunsu MCOUP.BAS
DECLARE SUB HEAD ()
DIM pa(5000)

DIM pb(5000)

R(1) =8

R(2) =12

R(G) =4

RM) =6

R(5)=2

R(6) =3

R(7) =1

R(8)=9

CLS

HEAD

x=0

10 LOCATE 24, 5: INPUT "Input the pulling length"; L

INT(Ds=L/0.025)
FOR k=0TO DS
FORi=1TO8
OUT &H378, R(D)
A1=0,B1=0
FOR j=1TO 200

Al = Al + (INP(&H28A) * (5 / 256))
B1 =BI + (INP(&H30A) * (5 /256))

NEXT j
Poutl =40 * (A1/200)

Pout2 = 40 * (B1/200)

LOCATE 26, 10: INPUT "INPUT DATA(DB)", Y1

Y2 = INT(Pout2)

ix=ix+1

PSET (ix + 40,270 - Y1), 5

PSET (ix + 40,270 - Y2), 3
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pa(ix) =Y1
pb(ix) = Y2
LOCATE 26, 10: PRINT Y1, Y2, ix
NEXT i
NEXT k
LOCATE 24, 5: INPUT " Do you want to continue pulling”; sf$
IF sf$ ="y" THEN GOTO 10
LOCATE 24, 5: INPUT " Do you want to save this file"; sf1$
IF sf1$ = "n" THEN GOTO 50
INPUT "input file name(coup*.dat)", na$
OPEN na$ FOR OUTPUT AS #1
FOR ik =1 TO 5000
PRINT #1, pa(ik); pb(ik)
NEXT ik
CLOSE #1
50 END

SUB HEAD
SCREEN 12
LOCATE 4, 6: PRINT "Relative Power (%)"
LOCATE 5, 2: PRINT "100"
LOCATE 11, 2: PRINT "50"
LINE (40, 70)-(40, 270)
FORi=0TO9
y=(i*20)+70
LINE (38, y)-(42,y)
NEXT i
LINE (40, 270)-(540, 270)
FORi=0TO 25
x = (i*20)+40
LINE (x, 269)-(x, 271)
NEXT i
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LOCATE 18, 14: PRINT TAB(5); "0.0"; TAB(18); "2.0"; TAB(30); "4.0"; TAB(42); "6.0"; TAB
(55); "8.0"; TAB(67); "10.0"

LOCATE 20, 45: PRINT "Elongation Length(mm)"

END SUB

SUB OUTSCN
Y1 =INT(Poutl)+ 10
Y2 = INT(Pout2) + 10
PSET (4 * k +j, Y1), 2
PSET (4 *k +j, Y2),2
END SUB
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