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DWHHIN D,
Reference Guide
Light : Light intensity , Wavelength conversions
Light is a transverse electro- Light Intensity, / is measured in 1 nm = 10 Angstroms(A) =10* m
magnetic wave. The eiectric and Watts/m?, £ In Voits/m, and M in = 107 om = 10 micron
magnetic fields are perpendicuiar to Amperes/m. The equations relating /
each other and to the propagaton to £ and H are quite analogaous to Plane polarized ligh
vector A, as shown below. OHMS LAW, For peak values: t
. E E - For plane polarized light the £
E=xnH, Ha=, M=— and H fields remain in perpendicular
n H planes parallel to the propagation
!-EH—- I-E:- I_EH_’ vector & es shawn below.
PN 2’ 2 ‘

’2!
E=+2nl, He /—
. il

N, = 377 ohms (Q)

nadt
n

Power density is given by
Poynting's vector. £, the vector
product of £ and H, You can easily impedance of vacuum, and T Is the
remember the directions if vou “curi® wave impedance of a medium with

£ into A with the fingers of the right refractive index a,

The guantity 7, is the wave

hand: vour thumb points in the

direction of propagstion. Wave quantity
relationships Both £ and H oscillate In time
Intenstty Nomogram ) and space as:
%27
The nomogram beiow reiates £, k= ——— sin (wt-hex)
H, and [ 1n vacuum. You may alsc use P
it for other area units, for example, o 2TV _no numbe.? ;;::;:g;‘::&dﬁ?‘x?:
[V/mum). (A/mm] and (W/mm?]. If you c € length )
change the alectrical units, remember ' '
to change the units of / by the s . " ;Y hv
product of the units of £ and A: for P teM  [wm]  [A]  [nm] [eV]
example [V/m], [mA/m], [mW/m®} or ket i .
(kY/mj, (kivm], (MW/m’L. C *Sm T on 0.01 100 10
E I H SOFT X-RAY
[vim] [wim?] [Aim] 1
P
1000—_£ 1000 =} . av n
B =5—: a2F 2% VACUUM UV
—f— 500 — k no
500 ——— — k: wave vector [radians/m]
-—F 00—t v: frequency [Hertz)
] 100 g,: o angular frequency [radians/sec)
= A wavelength (m]
200 ” 5:05 A,: wavelength in vacuum [m)
el . 1 refractive index
o0 0 —. Energy conversions
0 0.2 Wavenumber (v)[cm -
5 101
50 = [m]
2 0.1
1 Electron volts (eV) per photon
— 1242
20 0.8 008 & m—i M ]




Snell’s law

Soell's law tells how a light ray
changes direction at a single surface
between two medis with different
reiractive Indices. The angle of
Incidence, 8, is measured from the
normal to the surface A ray passing
from low to high index ia bent roward
the normal; passing from high to low
index it s bent away from the normal.

SNELL'S LAW
ny SIN 8¢ = n2 SIN 82

\

80

Displacement

A flat piece of glass can be used
to displace a light ray laterally without
changing its directior. The displace-
ment varies with the angle of inci-
dence; it is zero at normal [ncidence
and equals the thickness of the flat at
grazing inctdence. The shape of the
curve depends on the reiractive index
of the glass, as showT [n the next
column,

COS &y

dansiNg 1 ——memm——
T “_"’} — 8IN2 4
1

2l

L

1.0

0.5

DISPLACEMENT/THICKNESS{U/M)

0 30 80
TILT ANGLE (DEGREZS)

Deviation

Both displacement and devia-
tton occur if the media on the two
sides of the tilted flat are different -
for example, a tilted window in a fish
tank, The displacemenc Is the same,
but the angular deviation § is given by
the formula. Note that 3 is independ-
ent of the Index of the flat; it ls the
same as if a single boundary existed
between media | and 3.

4w dy = tin! RAIPTLE R
\ n3

a |ny =y landyifng e

Example: The refractive Index
of air at STP is abaut 1.0003, The de-
viation of a light ray passing through

a glass Brewster's angle window on a
HeNe laser is then:

&= {n-n,) tand
At Brewster's angle, tan 6 = 10,
5 = (0.0003) x 1.5 = 0.45 mrad

At 10,000 £, aititude, alr
pressure is 2/3 that at sea jevel: the
deviation is 0.30 mrad. This change
may misallgn the laser If its two
windows are symmetricai rather than
parallel.

Angular deviation of a prism

Angular deviation of a prism
depends on the priam angle o, the
refrective Index, and the angle of
incidence 8. Minimum deviation
occurs when the ray within the prism
is normal to the bisector of the prism
angie. For small prism angles (optical
wedges), the deviation is constant over
a fairty wide range of angies around
normal incidence, For such wedges the
deviadon is: -

d=(n-La

QD Nawport

s T v
a2
¢ uf -
g \ /
g ao'/
g - *"/
B k_——___/w.
L _10'/‘
9 —% — %0

INCIDENT ANGLE {DEGREES)



MANUIN .
Optical Fibers and Cables
' Operating Core Cladding Jacket  Cable Sheath NA  Bandwidth
Waveiength (nm) dia. (um)  dia (um)  dia um)  dia. (mm) (MHz-4an)
Stngle Mode Fiber 488, 514 32 125 250 - o —
Fibers and Cabies
Cable 488, 514 32 125 - 25 o1l —
Fiber 633 4 125 250 - (R
Cable 633 4 125 = C25 0l —
Fiber 850 5 125 250 S 01—
Cable 850’ 3 125 A Y SR |
Fiber 1060 67 125 0 00 = 01 =
Cable 1060 6.7 125 — 15 01l —
Fber 1300, 1530 8 125 250 - R
Cable 1300, 1550 8 125 - 25 01 -
Polarization-Preserving Fiber 488, 514 1.3 125 250 - 6.l -
Single Mode Fibers :
Fiber 633 275 125 250 - 0 -
Fiber © 850 3.25 125 250 — . -
Fiber 1300, 1550 575 125 250 - -
MultrMode Fibers and  Fiber 850, 1300 50 123 500 - 02 so;—
Cables
Cable 850,130 50 125 900 29 - 02 400
Fiber 850, 1300 62.5 125 500 - 275 >zo:
Cable ~ 850,130 625 125 900 29 218 200—-
Fiber 850, 1300 100 140 500 = 03 30?_
Cable  850,1300 100 140 900 29 03 mo__
VNI TransmisstY®  Cable - 200 250 1000 30 02 20
Hard PolymerClad  Cable - - 200 230 s0 .30 037 1S

*For attenuation values at other wavelengths, call Newport.
A Newoor! .
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Model Numbers-
Dispersion  Attenuation . Length (m)
(psec/kmenm) (dB/km) 10 20 100 200 500
425 <30 F-5A-10 F-5A-20 F-SA-50 F-5A-100 F-5A-200 F-5A-300
@550 nm
425 <30 FC-8A-10 FC-5A-20 FC-SA-50 FC-5A-100 FC-5A-200 FC.5A-500
@550 nm
285 <i2 F-5v-10 F-5V-20 F-3V-50 F-5V-100 F-5V-200 F-5v-500
@630 nm
285 <12 FC-SV-10 FC-5V.-20 FC.8V-50 FC.SV-100 FC-5V-200 FC-5¥-300
@630 nm ) i
120 <4 F-SF-10 F-5F-20 F-5F-50 F-3F-100 F-SF.200 £.5F-300
@820 nm R .
120 < FC-SF-10 FC-SF-20 FC-SF-50 FC-5F-100 " FC-5F.200 FC-5F-500
2820 nm
a8 . <2 F-5Y.10 F-5Y-20 F-8Y-30 F-3Y-100 F-5Y-200 F-5Y-300
21060 nm -
3s <2 FC-5Y-10 FC-SY-20 FC-8Y-30 FC-5Y-100 FC-5Y-200 FC-5Y-300
21060 nm 4
as 0.5 F-§5-10 F-85-20 F.35-30 F-55-100 F-85-200 F-35-300
©1285 nm :
33 <0.3 FC-33-10 FC-55-20 FC-85-50 FC-85-100 FC-85-200 FC-88-300
21285 nm
—_ <100 F-SPA-10 F-$PA-20 F-5PA-50 F-5PA-100 F-3PA-200 —_
— <12 F-SPV-10 F-SPV-20 F-3PV-50 F-5PV-100 F-5PV-200 F-5PV-300
—_ <5 F-5PF-10 F-SPF-20 F-3PF-30 F-3PF-100 F-5PF-200 F-5PF-500
—_ <2 F-5PS-10 F.8PS-20 F-SPS-50 F-5PS-100 F-SP5-200 F-SPS-300
—_ 24,1 F-MS5D-10 F-MSD-20 F-MSD-30 F-MSD-100 F-MSD-200 F-MSD-300
—_ 54, FC-MSD-10 FC-MSD-20 FC-MSD-50 FC-MSD-100  FC-MSD-200  FC-MSD-500
" 310" F-MMD-10 F-MiMD-20 F-MMD-50 F-MMD-100 F-MMD-200 F-MMD-300
—_— 3.3 FC-MMD-10 ~ FC.MMD-20 FC-MMD-50  FC-MMD-100 = FC-MMD-200  FC-MMD-500
— 4.5.2 F-MLD-10 F-MLD-20 F-MLD-50 F-MLD-100 F-MLD-200 F-MLD-500
—_ 4.5.2 FC-MLD-10 FC-MLD-20 FC-MLD-50  FC-MLD-100  FC-MLD-200  FC-MLD-500
—_ 9 @700 nm* FC-2UV-10 FC-2UV.20 FC-2UV-50 FC-2UV.100 FC-2UV-200 —_
110 @300 nm .
—_— 6 @820 nm* FC-HC-10 FC-HC-20 FC-HC-50 - FC-HC-100 FC-HC-200 FC-HC.300
— 23 @514 nm

QA> Newport
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Sensor Grade Fibers | Available in April 1995
w

Newport’s Mr grade fibers include multimode the -C suifix in their model number Typical applications

and single-mode, bend-insensitive fibers, which have a for these fibers include medical, industrial and avionics
high numerical aperture (NA) makiog them especially sensors and instruments.
suited for appiications requiring high coupling efficien. Singje-mode sensor fibers, available with 820 and

cles or tight fiber bending radil, Also feanmyed in this 1210 um cutoft wavelengths, feature a high NA of 0.15,
category are high-temperature, all-sitica fibers, fre- making thee suitabie for tightly wound fiber optic spools.
qumdyusdinmdluhndmdustﬂdﬂbﬂ‘mm At 1310 nm, their maximum bend induced attemuationis -
sensor grade fibers are avaiiable in any length, and are only 0.05 dB, due to 100 Sber turns on a 10 mm mandrel.  °

stockad for immediate delivery. Both 80 and 125 ym cladding diameters are available, with
~ bend insensitivity Increasing with sroaller fiber diameter,
Bend-Insenasitive Fibers These fibers are commoaly used in [iber optic Zyroscope

Multimods, stap-index sensor AaeSEaadalasid ) (N0 R URROr T e payort cystems.
large core diameters of 110, 200, 400, 500 and 1000 pm.
A high NA of 0.37 allows greater light coupling efiicien- High-Temperatare, AllSilica Fibers
cies, while also making tivese fiber optimal for applica- These high OH", ail-silica, fibers feature Spectran’s
tions requirtng tight hendirg or calling of fibers, Short- Pyrocoat™ polyimide builer coating. This coating extends
term (1 hour) bend radii for thess ibers are 8, 15, 58, 87 the fibers’ upper operating range to +375°C and increases

and 121 mm, respectively. These fibers feature a puze its chemical and abrasion resistance, enabiing its use in
silica core, eghancing their optical properties, and a harsher environments, The fibers’ purs silica core ensures
bonded hard polymer cladding for additional strength enhanced optical properties, while the ail-sillca core/

and fatigue resistance. The operating temperature of cladding combinstion decreases the Gbers' recovery time
bare sensor grade fibers ranges {rom -§5°C to «125°C. after undergoing exposure to gamma radlation.

Cabled fbers have a 900 jun outer jacket, surroundad by These multtmode Abers are offered with 30, 100 and
a layer of Aramid Yarn for added strength and protec- 200 pm core diameters, ailowing short-term bend radtt ot
tion. An outer polyurethane cable jacket, measuring 6, 11 and 22 mmt, respectively, Typical appilcadons for

3 mm in dlameter, provides additional environmentai thesea fibers include medical and industrial sensors,
protection. Sensor grade cabled fibers have an operating spectroscopy and radlation analysis. High-temperature
temperature of -40°C to +35°C, and are identified by fibers are identified by the -T suffix in their modei number.
Muttimods Senyor Fiber Comgtruction

Q(—— Cors (pura silica) - ‘ @(— Care (pure silica)

| § 5 qaearg ) @7 Clagding (sifica)
™ et ‘

\A r \JK— Polyimide Coating

Tetzei® Buffer Coating

Newpart optical fibers are available in any length I
and wre stociad tor immediate delivery.
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Sensor Grade Fibers
Myltimods
Wavelength | Index Oigmater | Clameter | Diameter | GO min/20ym | Bandwidh it
Modsi {nem) Profis | NA (um} {pm) (m) (mm) {MHz-em) Ramascs
F-MBA S00-1100 | Swp | 037 | 110=5 | 125495 |250 +50~0 M3 17
FMAAC | 500-1100 | Swp | 037 | 1106z5 | 1254/ |50 +EQLO - 17 Cablad Fber
~MBB S00-1100 | Swe | 0.7 | 20085 {230.0610] S00% 50 15724 17
EMRS-C®| 500-1100 | Swe | 037 | 2008 [230.0410 | 500450 - 17 Cablad Fowr
F-MBC S00-1100 | Swp | 037 | 400210 |430+8410 | 730 50 RS 13
F-MBD S00-1900 | Swep | 0.7 | 800210 | 83010 | 1040240 8742 9
F-MBE s00-1100 | Swp | 037 | 1000:15] 1035 £ 15 | 140050 129200 . -
PMCA-T | 250-1100 Swep | 022 02 552 6a+2 810 25 Tarperzure insenitive
FMCBT | 2s0.1100 | Sp Q22 | 100x2 { 1022 | 12522 1119 25 Temperanaw (neensitive
AMCC-T | 250-1100 | Swe | 022 | 200=3 | 22023 [ 2403 22137 = Temoerxire insensitive
* Previously EC-ZUV
' Single-mode
Operating Mods Fleid | Cladding | Coating |  Mmdmum CurOn | Mex Addec Anemsasion
Wavelengih | Indax Diameter | Diameter | Diameter Atgruaton Wavelsngth | due 10 100 tums on
Modsei {nm) Profla | NA {in) () {um} (gBAan) {nm) 10 mm mancred {dB)
F-S8A s20 | Swp | 017 i 40 128x2 | 248215 | 8.0 | 7703 0.05
F-SB8 g20 Swe ! 018 4.2 gox2 | 138+5 | 50 i 770430 0.08
F-8BC 1310 Sep | 0.17 8.3 125:2 | 245215 1.0 1250 = 50 0.05
F-880 1310 | Swp i 017 | &3 a0z | 138=5 1.0 1250 = 50 0.0 Q
Muhimode Senaor I High-Temperature Senpor
Fiber Tranemission Fibar Transmisslon
A (nm) dR/km A (rm) dBim
Hale ] 248 Kryptox Fluoride Ll
B20 LED § 308 Extmar (%]
1064 NekYAG 12 488 Argoa Blue 0013
1300  Dindslaser o 5is Argon Gresn 0.014
32 KTP o013
o7 Krypton: Red o.008
850 LED 0.013
~C = Cabled
~T = omp. H&0S e
LY
—H = hermedl.,
mw--ﬂ:‘-_wg DR.ENE?
Gorparatian Tulaphwas TG Tetupbows 0513138 110 Tulupitons 340042711
1791 Dusre otlins Famanin N4-ELT Passimdber 0818138 2880 Faientier G308 TOMT
lrvima, CA XITI4 Conanin Imly [ ir——
Taisphews: FBH87.000 Touphone: 03-¥30.5518 Talyplhase 61.740-275
Ti-A-31 4 Pocaiile 25-55T-0002 Faammiler 25303448 Pacaimiler D1-748-2303
Famimile: T)4-253-1680 [ — Japan
Homrmaftorr g e sl




an,:, PRODUCT LINE OVERVIEW

Various types of Fiber Optics

Tabie 1 Summary of Fiber Types
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Range of . :
Spectral Range Diamster Lengths ;
Type {nm) {mm) (m) __ Principal Advantages Pages |
' Glass Bundles® 4C0 - 15C0 1.6and 3.2 0.51-1.83 Low cost. large acceptancs angle.  8-12108-16
Avaitable in reclangular-circular, !
bifurcated and tnfurcated models, .
- Standard Grade Fused 280 -22¢0 1.5 and 3.2 0.5t -0.82 Transmssicn of much of UV 8-12w08-14 |
. Silica Bundies* :
' Migh Grade Fused Silica 240 - 2200 t6and 3.2 0.81-0.92 Berer iransmittance through the 8-12108-16 ;
_ Bundles” UV ang VIS, Rectanguiar to circular j
‘ ane Tifurcated mode's avaitable. :
Sceciai flugrescence grope
availapte,
' Liquid Light Guides™ 270 750 3and 5 e Large acceptance angle and core 317
i size.
I UV-VIS Single Fibers 200 - 1000 0.2.3.4.0.6 1-+200 Hign transmittance of UV-NIR. §-18108-19
i 0.8.and t Availlable with SMA connectors.
; Hign cower hangling capability
! VIS-NIR Single Fibers 250 - 2000 0.2,0.4. 0.6, 1.200 Excellent ransmittance. Available  8-181to 8-19
} 0.8.and 1 with SMA conneciars

* Custom fiber bundlaes are available on reguest.
** 8 mm core diametars and longer lengths available on ‘special order.



How do you get light exactly where you need it? With the
right light guide, and Moritex will help you dctermine
which one that is. We have standard light guides ranging

from straight ligit guides to the more exotic. In addition,
Moritex is happy to work with you to deveiop specialty light guides [er
. OEM applications, In this section you will sce exactly what we can uf{.. you.

LIGHT GUIDE PART NUMBER KEY

5 TURING TYPES-4
CODE | DesCriFTION CUIDE__ | ItATuRE CUUL | DESCRIFTION . GOOE | BLSCAIFTION 1
S !Straght Straight | bundle diameter R__|interiocking . L | k-shaped bilurcation :
Wt Bifurcated Tri bundle diameter S | stainiess sieel Merilile HR__| heat resistant
3 1Tnfurcated | Quad 1 bundle diameter SR | stainless sieel RM | random contiguration |
[ uad Ring inner diameter Interlocking 5D | small diameter
Ring Light St fiber ling icngth -V -} siatniess stecl Uy UV raasmetiiiie
{__! Siit Plate | dimension square o 1flexible PVC
P__IPlate of lighted nlate
o LENGTIE |
CODE | DESCRIFTION {shown in milllmerers (mrm)
G 1Glass
? | Plasic
§ L§ilica

PP R S EE RS R,

STRAIGHT LIGHT

PART NUMBER .

A

Guij

Crmm D

DES

{5EX CHART L. 2V}

- e —— RS —EH %

QUTPUT FERRLILE LEN

Straipht light guides come In
a variety of iengths. Some are

availabje with locking outer

tubing, others are compietsly

] flexible. The [ollowing chart
will outline the features of

these [Ight guides.

MSG4-500R 3 i 2 4
M5G4-11005 8 ! 14 12 . z8 1100 10 ! a 3
M5G4-22005 3 i 14 12 TR— | zz00 18 | a 30
MSP411005 s 1 e |z ] = | 100 w1 a4 | 3 |
MS5G4-11005-RM 3 i 12 | 12 ! 28 ' 1100 0 ! 4 } 0 ﬂ
MSG4-22005-RM 5 s 14 12 ! 28 2300 10 ! 4 ;' s
MSG411008-HR 8 ' 14 12 28 100 | 10 i 4 ' 0 -]
MSG5-11005-HR 3 ' 14 12 28 1100 10 5 £
MSG5.22005-HR 3 i 14 12 28 . | 2200 10 s 3C
M5G6-11005 8 [ 1% 12 ‘28 b 1100 10 4 -
M5G6-22005 8 | 14 1 28 g 10 ) 307
MS5G6-11005-RM 3 14 12 28 : 1100 10 P 30
M5G6-22005-RM s 14 2 | 28 | 200 10° s 30
M35G8-11005 14 20 20 ] 20 | 1100 16 3 50
M$G8.-22005 14 [ 20 ag - | 20 © 2200 16 3 i 50
MSG8-11005-HR 14 20 40 ] 20 ! 1100 16 ) Lh)
MSGB-22005-HR 14 20 40 i 20 P 2200 14 3 50
MSG10-11008 14 | 20 40 I 20 ! 1100 14 10 60
M5G10-22005 14 20 20 20 2200 16 0 &0
MS5G3.11005-$D 5 3 30 15 1100 7 3 | 28
"MS55-10005-UV - b 14 2 28 T T 5 [ N
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(SEE CHART BELOW)
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Bifurcated light guides allow
one light source to provide twe
points of light. This type of
light guide is ideg) for applica-
tions requiring obligue lighting
as wel! as applications which.
would benefit from having cne
light source flluminate two
objects. :

; LENGTH  |BUN tan|  MINiMUME
PART NUMBER E A 24 \i 9 ! 3 il a ’ DLED A
MWG-500R | 4 | 8 { WA | 28 | 125 ! s | s7 | <o
MWG-10005  '3~'| ¢ ! 8 Y77 TN T w | wee + os7 | 3@
MWG-20005 | 4 i 8 14 i 12 t 28 i 0 {2000 ! 57 i 0
MWG.1000V I 4 8 ‘ 14 | 12 ! 2 P15 ) e ) 57 b 0
MWP-1000V | 4 2 I 1a = ¢ 228 . 15 | 1w | =7 | 0 4
MWG-1G00SR I s 8 ; 14 12 ! 8 o251 e 57 ]
MWG.-10005-50 ! 5 : 3 t 8 | 3t ; 15 ' 7 ' o ¢ 228 28
MWGS5.10005-HR ! H ! ] ’ 14 i i 28 16 O (4043 T : b
MWGS-20005-HR ! 5 8 ' 14 e | 8 10 - v's' I b : i
MWG7-1000S | T 14 f 20 I 20 29 13 L 0 :

MULTIFURCATED LIGHT GUIDES

OUTPUT FERRULE DIAMETER -

M3G -____ {SEE CHART ZELOW)
e
\‘\
+ oA -—F i
+5:LE:"“— . //‘ _‘--”_.l
Sc—N— |
M4G_-____ [SEE CHART 3ELOW)
N
N
ST
o P
_ P §§ -
+ - =
-9-"’-‘-"':?—"/
(=

OUTPUT FERRULE LENGTH- | TUBE DlAaML.

A multifurcated light zuice has
three or four jermnaung floer
Zundles, These light guices
allow you o use one iignt
source to either tlluminate one
subject {rom many angies, ar
10 Hiuminate multipie sudjects
simultaneously with 2 singie

tight source. .T

MINEIMLUIM

BUNDLE DIANL
HENDING.

LENGTH

" PANY NUCAHLR " ! g | | E { F H RADIUS
M3IGA-10008 ¢ | 8 14 12 | 2 1 10 | 1000 69 | 20
M3G4-20005 4 i 8 14 2 | za | 10 2000 X 20
M4G4-10005 4 1 8 [ LI 12 @A | 10 1000 8 | 30
MAG4-20005 4 i g 14 | 12 28 | 10 2000 . B 30
M3G3-10005-5D 3 ! 5 8 20 15 ' 7 w00 [ 52 25
M3G3-20005-5D 3 i 5 | ] 0 I 15 I 7 w00 1 s2 5
M4G3-10005-5D 3 | 5 ! 8 30 I 15 7 1000. | & | 25
M4G3-20005-5D 3 ! H ! a 30 } 15 7 2000 | & I 3

|
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LIGHT GUIDE LENS CHARACTERISTICS

Each lens is éaﬁable of pro;iding diffénﬁ:-ﬁelds of view and light lﬁteriléi'iies as the distance between the lens and subject .

change. The following chart shows the characteristics of each iens over a ranpe of working

-

ML-20
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£ ‘\F‘-

vt

il
e

.n.
'y
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e 1

|
os, AL 0k
m“- @tmt‘- ar 130 bk
%0 gmu s T
0 ) 20 ay 2.
CHART NOTES

1, AB fagurus in thin st e cn ubing it MMED TR gt whurcy B st witovesy.

2 A MSGA-1 1008 winh ubtd chaveg e tusting of ML-30, M40, ML-50, ML-70, ML2. 100 wed MLS-40MOP.
3, A NG S0- 15005 wam v churing the taming of MUK-90, C

4. Ay NI H0-15005 vms. wrd cunng the tsmng of MLP. 10,

distances from 0 to 300mm.
ML-70




OPTIONAL LIGHT GUEDE FEATURES

MEAT RESISTANT LIGHT GUIDES The normai heat resistance ranges for multi-component giass flber, quartz fiber,
and plastic fiber light guides are -40°C to 180°C, ~40°C 1o 180°C, and ~40°C to 80°C respectively However, on request, Moritex
can manufacture light guides with increased resistance to cold and heat.

MOISTURE RESISTANT LIGHT GUIDES Standard Moritex light guldes are not manufactured to withstand high
humidity. At 130°C, 100% humidity, 2kg/cm pressure, a light guide wiil have a light capacity of iess than 5% after 20 hours. A:
an option, Moritex can manufactute light guides using autociaveabie fibers. Under similar conditions, these light guides will
have a light capacity over 90% after 100 hours.

HEAVY DUTY LIGHT GUIDES For extremely demanding applications, Moritex has designed optional heavy duty
light guides. The specially-designed internal structure and fiber coating of these light guides help improve the light
guides' durability by more than 10 times that of a standard llght guitle. . .

CHEMICAL RESISTANT LIGHT GUIDES For appllcatlons where chemical resistance is important, Moritex can
provide light guides with special structures and components which increase chemical resistance.

EXTENDED LENGTH LIGHT GUIDES Guartz fibershould be specified for Iight guides over 5m long. .

GENERAL LIGHT GUIDE CHARACTERISTIC'

) OPTICAL FIBER DATA 4 LIGHT GUIDE LENGTH AND TRANSMITTANCE RATE
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H H Concave Fused Silica Lenses

Newport concave fused silica lenses are manufacs
tured to rigid optical and mechanical standards from high
purity Dynasil 1100 silica. The superior transparency of
Dvnasll 1100 lenses recommends their use with excimer
Jasers to 193 nm and with intrared sources to 2.7 microns.
All lens surfaces are polished to optical test plate stans -
dards to eliminate waveiront irreguiarities, Tight surface '
polish tolerances reduce stray light and eliminate un-
wanted diffraction effects. As with other Newport optics,
concave fused silica ienses sre manufactured o standard-
ized focal lengths and diameters. Optics mount quickly and
easily into Newport hardware without the added expense

Applicat_ion Notes

 'The purity and durabtlity of fused sitica are
desirable characteristics in damage resistant optics.
However, high power laser beams make certain require-
ments on optical layout that contradict traditional
rules. One such example is a high power Gaiilean beam
expander made from single fused silica lenses. As in the
Keplerian expander, the expansion ratio is the ratio of
output to input focal lengths. Fy /F,,. The lenses are
separated by the dilference of focal lengths F, -F..
Plano-comvex and planoconcave lenses are chosen to
reduce aberration. Standard procedure wouid require
the curved surfaces face incoming and outgoing paralie!

rays.
SPX052
e fu 3850 mm
25.4 mm DIA 50.8 mm DIA
i
[l
1‘_.-—— 200 mm _...—-—-.-l

Sx GALILEAN EXPANDER

.. With high power lasers, a beam incident on a
concave surface will be focused to a point outside the
instrument. Alr heating and lonization at the unwanted
focal point are poasible with attendant mode disruption
or material damage. .

In the above 5X expander, the SPCO34 input lens
has a radius, R, of -22.95 mm. Due to Fresnel reflection,
an uncoated concave surface will reflect =3.5% and act
as a mirror of local length F, where F « R/2 = 11.48 mm.

and complexity of adapter rings. Due to the wide transpar.
ency range of fused silica, lenses are stocked uncoated
with a variety of anti-refiective coatings available as
options. For further Information on coatings piease contact

Newport.
Optical Performance: Usable range: 185-2700 nm.

Cleaning: See page N-30.

Safe Energy Level: 5 J/cm? 10 ns puise, MW/cm? un-
coated.

UNSAFE
AT MIGH POWER PREFERRED

T
~. S

UNWANTED FOCUS

AIR IONIZATION
MODE DISRUPTION

.}@(z

S

NO SECONDARY
POCUS

Due to the concave suriace, the incident beam
waist radius, T. will be focused to a new walst yadius, r;!

T, = AF/aT

In the above, A is the jaser wavelength and F is
the focal length. As an exampie, a high power pulsed
Nd:YAG (A = 1064 nm = 1.064 x 10 mm) laser might
deliver 1 Jjcm? in a 10 ns, 100 MW/cnr® pulse. A beam
waist of r = 5 mm would be typical when operating in
the TEM,, mode. From the above, the focused spot has
a radius r, of 7.7 x 10 mm (.77 microns). The power -
density has been increased by the ratio of the radii
squared, or =60000! If 100 MW/cm? are incident on the
input lens, 3.5%, or 3.5 MW/ci?, would be reflected.
Refocusing would yleld power densities of2.1 x 101 W/
cm?, wall above the air jonization threshold of 10" W/
cm?. Sparking and mode disruption wauld occur in this
application.

To avoid this problem, the input lens should be
reversed so that no concave surface faces a paraliel
beam. Safe operation of the expander is assured at the
expense of a smail increase in aberration.



B H Concave Fused Silica Lenses

Lens Selection Guide

. Newport offers plano-concave and bi<concave fused
silica lenses in the standardized focal lengths and diame-
tars displayed below. The seiection guide may be used to
rapidly determine suitable lenses for an application based
on diameter, focal length and t-humber. The first set of
three digits refers to available planoconcave lenses, the .
second to blconcave lenses. A full part number may be *
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obtained by appending the three digit number from the
selection guide to SPC for a plano-concave Jens and SBC [or
a bl-concave lens. For exampie, a | Inch (25.4 mm) diame-
ter, {/5 lens is desired, The nearest plano-concave part
number would be SPC-025-8PC025, An equivalent bi-
concave lens is SBC+025-§8C025,

1000 =~ *016/016
! . - e
- >4 g » /ﬁ'owozz‘& ¢ o 0461046
R BN 2 *025/025. .~ *049/049
— F120 o P 480 %
E 100 - : -t .~ "028/028 “052:082
et C R AN L A% *031/031
5 | F110 5 et fﬁ
z -~ = - -
z - - 034/034 e
-l L. L
z Fi e ~
3 - e
o
b
m -
=
<
g
z °p
T R e
¢ SPC / ~SBC
PLANO/BI-CONCAVE FUSED SILICA LENSES
1 [ 1 1 ] | ]
025 - 0.5 1.0 1.5 2.0 3.0
(6.35) . (12.n (25.4) (38.1)  (50.8) (76.2)

DIAMETER in. (mm)
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/ H Plano-Concave Fused Silica Lenses

- = s Specifications:
p—Tc
— ‘F(Focal Length): 1%
‘ Scratch/Dig: - 40-20
R: Nominal value to achieve focal length
I l Tc: =0.1 mm/ =004 in.
i L = Te: Nominal value only
Lot - Diameter: +0 -1 mmy ~0-004 in,
: : _ : Clear Aperture: »>90% of diameter
\ ' For quick. easy mounting with a minimum of hard-
R | ware, Newport optics are manufactured to a standardized
l l series of diameters. All the lenses on this page mount into
_ . a Newport LCM-2 lens holder, Please see page D-30 for
| | = more Information.
P2 —epp Lt—
F
£ |
BFL2 ==l bt
Part Dia. F 7 R === BFL1 BF2 Pl P2
Code {mm) {mm} (mm) {mm) (mm) (mm) (mm) (mm) (mm)

SPCO10 6,35 -1230 =18 =3.73 250 326 =12.50 -1421 000 =i
SPC013 12.70 25000 =19  -ll47 . 250 4.02 ~25.00 -26.71 000 =L31
SPCOL6 2540  -1000.00 =383  ~458.18 2.50 264  ~100000 =1001.71 000 -L31
SPCO19 25.40 ~250.00 -8.8B  -114.75 2.30 307 =-280.00 -25171 000 -L9
SpCo22 25.40 -200,00 -8  -91.89 2,50 391  -200.00 20171 000 L3l

SPCO25 25.40 -150.00 -39  -69.04 2.30 345 -150.00 ~151.70 000 L7l
SpCo28 25.40 -100,00 -39  -45.90 230 294 =100.00 -10L.71 @00 -Lil
SPC031 25.40 =73.00 =29 - -3442 2,50 4.45 -v3.00 7671 000 -L71
SPCO34 25.40 =-30.00 ~1.9 ~22.95 2.30 5.34 -30.00 -5L71 000 -L71
SPCO3T 50.80 < -1000.00  -19.6 (45819 2,30 3.07 -=l000.00. -i00L71 000 LTI

SPCO40 50.80 =500.00 -9.8 -229.69 2,50 364 - -300.00 ~301.71 000 L7
SPCO43 50.80 -250.00 -4.8 11435 2.30 4B0 =25000 -251.71 @00 -171
5pC046 50.80 -200.00 -39 -91.99 2.50 539 - =200.00 -201.71 000 -1.T1
SPC049 50.80 ~150.00 =2.9 -69.04 2.50 6.40 — =150.00 =131.71. 0.00 -171
SPC052 50.80 =100.00 -9  —45.90 2.50 858 10000  -10L71 000 ~LT71



H Bi-Cdncave Fused Silica Lenses

r-—‘\'e

Specifications:

F (Focal Length):
Scratch/Dig:
R

Te:
Te:

Diameter: ‘
Clear Aperture :

to meet your speciflcations. Please contact a Newport

=1%
40-20
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Nominal value to achieve focal length
£0.1 mm/ =004 in.

Nominai value oniy
+0 -1 mm/ +0-.004 In.

>90% of dlameter
The dlameter of any stock lens can be easily reduced

applicattons engineer for information.

A

Pl =l Lo—
i p—P2
I el S|
[P |
BFL2 poasp—— BF L1~

Part Dia. F 1] R Tc Te BFLL  BFLZ Pl P2

Code (mm) (mm) (mm) (mm) (mm) {mm) (mm)} ({mm) (mm)
$BCO10 8.35 -12.50 =19 -11.85 2.50 3.19 -13.32 ~1332 0.82 ~.82
sBC013 1270 -2500 -l9  -2333 250 382  -2884  -25B4  OM -84
SBCO16 2540 -1000.00 -393  -918.37 2,50 264 ~1000.85 =1000.85 055 -85
SBCO19 25.40 =250.00 -98  =229.69 2.50 3.06 -250.85 -250.85 0.8% -85
SBCO22 35.40 ~200.00 -7.8 -183.98 2,50 321 -200.85 -200.85 0.85 -85
SBCO25 25.40 «~150.00 =39 -138.09 2.50 J.4 -150.85 -150.85 085 -85
SBCO28 25.40 ~100.00 ~3.9 -91.99 2.50 392 -100.85  -100.83 0.85 -85
SBCO31 25.40 -75.00 =29 -69.04 2,50 4.40 ~75.85 -75.85 0.85 -85
SBCO34 25.40 -50.00 -1.9 —46.29 2.50 5.36 -50.85 -3085 085 -85
SBCO3T 50.80 -1000.00 -1%.6  -91837 2.50 306 100085 ~-1000.85 0.85 -85
SBCO40 50.80 ~300.00 -98 —459,19 2.50 3,63 -500.85 ~500.85 0.B5 -85
SBC043 50.80 =250.00 -4.9 -229.69 2.50 4.77 -250.85 -250.85 0.BS -85
SBC046 50.80 =200.00 -39 -183.99 2.50 5.35 ~200.85 «200.85 0.85 -85
SBCD4S 50.80 =150.00 =28  =138.08 2.50 6.31 -150.85  -150.85 0.85 -85
SBCO52 50.80 =100.00 -1.9 ~91.99 2.50 8.25 -100.85 ~1p0.85  0.85 -85



@ @ Convex Fused Silica Lenses CERE
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Lens Selection Guide

Newport offers piano-convex and bi-convex fused unavailable. A full part number may be obtained by

slitca lenses in the standardized focal lengths and dlame- appending the three digit number from the selection guide

ters displayed below. The selection guide may be used to to SPX for a pianc-convex lens and SBX for a biconvex

rapidly determine suitable lenses for an application based lens. For example, a 2 inch (50.8 mm) diameter, 100 mm

on diameter, focal length and f-number. The first set of tocal length lens is desired. The plano-convex part number

three digtts refers to available plano-convex lenses, the would be $PX+043=5PX043. An equivalent bi-convex lens

second to biconvex lenses. Dashes (--) indicate alens is 1s SBX+055-SBX053.

FOGAL LENGTH (min)

1000

100

10

"ﬁr‘{‘**f‘

FIs

*010/01Q

S0SS/08T . "070/082

'055.‘,:..';"“-'"1

70521064 " ~087/079
am T 0481081

e
Coe2ei0se |
*025i031 .~ -046i0S8 0841078

| 221028 -043/085  "061/073
019/025  “03%---t0401052 i

-

*016/022 * e (048 7= 049

oo 019

SPX q:\ / SBX @

PLANO/BI-GONVEX FUSED SILICA LENSES '

1 T3 ) 1 ] |
0.25 0.5 1.0 1.5 2.0 - 3.0

(127 {25.4) (38.1) (50.9) (76.2)
DIAMETER in. (mm) :
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(ﬂ Plano-Convex Fused Silica Lenses

= e Specifications:
1 po=To
I F (Focal Length):  x1%
- ) /- _ Scratch/Dig: 40-20
. I o’ R Nominal value to achieve focal length
/Y l \q Tc: +0.1 mm /£.004 In.
- I o Te: Nominal value only
-~ Diameter: +0 -1 mm/ +0-004 in.
Clear Aperture: >90% of diameter
I In order to take fuil advantage of the transparenc)
I e of fused silica. Newport oifers these lenses uncoated. AR
£ coatings may be applied at a nominal charge. Please
- 8EL1 { F 1 contact Newport for information.
ot BF L2 et

Part Dia. F f/ R Tc Te BFLI BFL2 Pl P2

Code {mm} {mm) (mm) (mm) (mm) (mm) {mm) (mm) (mm)
SPX010 6.35 12.70 20 | 5.2 3.94 3.00 12,70 9.99 0,00 =27
5PX013 1270 2540, . 20 11.65 4.88 3.00 25.40* 2205 000 =334
$PX016 25.40 50.20 1.9 23.04 6.81 3.00 50.20 45.32 000 =167
3PX01% 25.40 75.60 2.9 34.70 5.40 3.00 75.60 7189 000 =370
$PX022 25.4¢ 100.00 3.9 43,76 4.59 3.00 100.00 96.71 0.00 -3.28
SPX025 2540 150.00 : 5.9 68.55 418 3.00 150.00- 147.13 0.00 -286
SPX028 25.40 200.00 7.8 91.80 3.88 3.00 200,00 19733 0.00 -2.66

3PX031 2540 500.00 18,6 229.50 335 3.00 500.00 49770 0.00 =229
5PX034 2540 1000.00 39.3 438.46 1T 3.00 100000  997.82 000 =217
SPX037 38.10 75.60 1.9 34.70 8.69 3.00 75.60 69.63 000 =596

SPX040 50.80 75.60 14 3470  14.05 3.00 75.60 65.96 000 -9.63
5PX043 50.80 100.00 1.9 45.76  10.66 3.00 100.00 92.68 000 =731
SPX046 50.80 150,00 2.9 68.69 7.85 3.00 150.00 144.61 0.00 =538
SPX049 50.80 200.00 3.9 91.80 6.58 3.00 200.00 19548 0.00 —4.31
SPX052 50.80 250.00 4.9 114.75 5.84 3.00 250.00 24599 000 .00

SPX053 50.80 300.00 5.9 137.70 5.36 3.00 300,00  296.32 0.00 -3.67
SPX0s8 50.80 300.00 9.8 229.50 441 3.00 30000 49697 000 302
5PX061 76.20 100.00 1.3 45.7% 2330 3.00 100.00 84.02 0.00 ~15.97
SPX064 76.20 150.00 1.9 68.69 - 14.50 3.00 150.00 140.06 000 -2
SPX067 76.20 250.00 3.2 114.75 2.51 3.00 250,00 24348 .00 -631

SPX070 '?G.Zd 500.00 65 . 22950 6.18 3.00 300.00  495.76 0.00 =423



QO Newport

BK-T Glass Lenses .
PLANO-CONVEX BI-CONVEX
Included in Included in
F . Master into. F  Master Intro.
Part No. (mm) Kt Kit PartNe. (mm) Xit Kit
KPX076 2540 X X KBXO43 1200 X
KPX0T9 3810 X X KBXO#& 2540 X X
KPX082 5020 X X KBX049 3810 X
KPX085 6290 X XBX052 5020 X X
KPXG88 7560 X X KBX0S5 6230 X _
KPXDS91 8830 X : KBX0s8 7560 X X
KPX094 10000 X X XBX081 8830 X
KPX097 12500 X KBXO64 10000 X X
KPX100 15000 X X KBX06T 125.00 X 1
KPX103 17500 X  KBXDI0 15000 X
KPX106 20000 X X KBX073 19500 X
KPX108 25000 X KBX076 200.00 X X
KPX112 30000 X X KBX079 250.00 X
KPX113 40000 X KBX082 50000 X X
KPX118 50000 X X KBX088 100000 X
KPXi121 75000 X
KPX124 100000 X X
PLANOQ-CONCAVE BLCONCAVE
Included in included in
F  Master intro. F  Master Intro.
Part No. (mm) Kit Xt PartNe, (mm) Kit Kit
KPCD28 -200.00 X KBCO31 -200.00 X
XPCO3l -1%0.00 X X KBCO34 15000 X
KPCD34 -10000 X KBCO37T -100.00 X
Kpco3y  -TR.00 X KBCO4O -73.00 X
KPCD40 5000 X X KBCD43 -3000 X
KPpCo43 2500 X ¥ KBCME -2500 X x
Fused Silica Lenses
PLANO-CONVEX BI-CONVEX
Included in included in
F  Master intro. F  Master Intro.
Part No. (mm) Kit Kit PartNo. (mm) Kit Kit
SPX016 5020 X X SBX019 2540 X X
SPX019 7560 X X SBXD22 . 3020 X X
SPX022 10000 X X s5BXp25 7580 X X
SPX025 15000 X X SBXD28 10000 X X
SPX0z8 20000 X X  SBX031 15000 X
5PX031 50000 X X SBXO34 20000 X
SPX034 100000 X X 8BX037T 250,00 X
SBX040 S500.00 X |
SBX043 100000 X
PLANO-CONCAVE BR-CONCAYE
Included in Included in
F  Master Intro. F  Master Intro.
Part No. (mm) Kit Kit PartNo. (mm) KR Kit
SPCO16 -1000.00 X SBCO16 -100000 X °
SPCO19  -250.00 X S8CO19  -250.00 X
spPCO22 20000 X S§BCO22 -200.00 X
SPCO25 -150.00 X X SBCO2S -1%0.00 X
SPCO28 -100.00 X X 5BCO28 10000 X
$PCO31 7500 X SBCO3l TS0 X
SPCO3M 5000 X X SBCD34 5000 X X
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Ovrdering Information

BX-7 Master Lens Kits (44 lenses)

Model Description

LKIT-1 Master Kit. uncoated
BK-T glass

LKIT-1AR.14 AR coated for visible laser
appliications 430-700 nm

LKIT-1AR16 AR coated for NIR laser diode
applicattons 650-1000 rm

LKIT-1AR.18 AR coated IR laser dicde

; appilcations 1000-1550 nm
LKIT-1AR.33 AR coated for Nd:YAG lasers

at 1064 nm

BK-7 Introductory Lans Kits (20 leases)

Mode! Description
LKIT-2 Introductory Kit,
uncoated, BK-T glass
LKIT-2AR.14 AR coated for visible Jaser
applications 430-700 nm
LKIT-2AR.16 AR coated for NIR laser diode
appiications 630-1000 nm
LKIT-2AR.18 AR coated for IR !aser diode
‘ applications 1000-1350 nm
LKIT-2AR.33 AR coated for Nd:YAG lasers
at 1064 nm

Fused Silica Master Lens Kits (30 lenses)

Model Description
LKIT-F51 Master Kit, uncoated
- UV grade fused silica
LKIT-FS1AR.10 AR coated for UV laser
. applications 250-430 nm
LKIT-FS1AR.14 AR coated for visible laser

applications 430-700 nm

Fused Silica Introductory Lens Kits (15 lenses)

Model Description
LKIT-FS2 Introductory Kit,
UV grade fused silica
LIIT-FS2AR.10 AR coated for UV laser
applications 250430 nm
LKIT-FS2AR.14 AR coated for visibie laser
applications 430-700 nm
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AIARYUIN 2.

2. FOP (Fiber Optic Plate)

2-1, Principle . .

In 1854, John Tyndall, of England, reported that, as water was
blowr out of a tube, light was transmitted along with it. This was
the beginning of research on light guides using transparent
materials to conduct light. In 1954, H. H. Hopkins reperted that
light guides could be bundied together to convey images. An
FOP is a collection of light guides, or light capiilaries, which
takes an image and conveys it as optical information. When
light is transmitted, refraction occurs at the boundary between
two materials with different refractive indexes, as stated by
Snell's law.

2.1-1, Construction of the FOP

Basically, the FOP is constructed of the three types of glass
listed beiow.

1) Core glass = Most of the fight passes through this glass.

2) Clad glass = Light is reflected from the boundary between
the clad and core glassas.

3) Absorbent giass = This glass absorbs any whatever light
that was not reflected.

The clad glass is wrapped around the core giass to form the
basic fiber, called a single fiber (SF). In the basic FOP
configuration, single fibers are aligned in a hexagonal closest-
packed structure and surrounded by absorbent glass, (See Fig.
27

CLAD GLASS
CORE GLASS \\

a) NA=1.0
ISA METHOD

B) NA <1.0
EMA METHOD

Fig. 27 Construction of the FOP

There are thres ways in which the absorbent glass can be added.
Qne is the ISA method shown in Fig. 27- a, Another is the EMA
method shown in Fig. 27-b and the third is the Dead Single
method shown in Fig. 28. If the numerical aperture (NA} is less
than 1, the EMA-method is used since more stray light
penetrates the clad giass. Hamamatsu mainly uses the ISA and
EMA, except for special cases. The Dead Single is considered
to be a type of blemish. Recently, the term "EMA” is frequently
used for the absorbent glass, regardless of whether or not the
EMA-method Is actually used.

. 2+1-2. NA (Numerical Aperture)

CORE GLASS

Fig. 28 Dead Singie Type
The absorbant giass is aranged in each muit fzer
as same number and same pattern, The absorcent
giass ciameter ig as large as single fiber.

At the reflecting surface of the boundary between the core an
the clad glasses, any light with an angle exceeding the critica
angle penetrates the clad glass. This critical angle is ceterminex
by the diferance between the refractive indices of the tw
glassea. As shown in Fig, 28, this aiso determines ihe angle a

. which the light anters the fiber (the light-receiving angle). The

relation betwesn the refractive index and angie is snown balow

NA = nsind = \/n; —n;
n: Aefractive index of air
n,; Rstractive index of the core glass
n.: Rafractive inaex of the clad glass

DISTURBANCS LIGHT

n: Refrsction index of the air
e Refraction index of the core giass
m: Aefraction indsx of the clad glass

Fig. 29 Path of light In singie fIber

“nsing” is called the NA (numerical aperture), and § is the
maximum light-receiving angle of the fiber. Since the angle at
which light anters the fiber is the same as the angle at which it
leaves the fiber, light is output with no increase of the @ value.
By Hamamatsu, four standard modsls with NA vaiuas of 1.0,
0.88, 0.55. and 0.35 are available. The maximum light-receiving

. angle under atmaspheric conditions (n = 1) and the refractive

index for each of these are noted in Table A.



4} Chicken wire

Chicken 'wire which are ditfersntiated from blemishes, are the
continuous defects which occur along the borcer bemwean multi-
fibers (or muiti-muiti-fibers) and have a width equal to that of
two or more single fibers (for example, 12 vm with & single fiber
of 6 um). Most of thesa are caused vy parial breaks in the
mult-fiber (or multi-multi-fiber). The methoas for evaluating these
flaws and their sizes ars the same as those used for Diefmighes.
Fig. 34 snows a photograph of a typical chicken wire flaw.

P R
-,

..
*+h

'~ N
‘,f"‘.if"‘:

Fig. 34 Photo of a Typical Chicken Wire Flaw

5) Distortion

This is an image defect which occurs duning the pressing of the
FCP {see saction 1-3, “How the FOF ig Constructed”) when a
fiber is aut of position ar bent. There are two types: gross
cistormon and shear distortion. Frame runaut can also be broadtly
categorized as a type of distortion; this happens in the cutting
grocess when a bias angie ocours. It also differs from gross
cisiorion and shear distortion in that it tends 10 cccur over the
antire FOP. Fig. 35 shows the pattems for the various types of
cistorntion.
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SHEAR DISTORTION GROSS
. _DISTORTION

(a
FRAME SUNCUT

(b) | e

Fig. 35 Patterns for the Varicus Types of Cistortion

2.2-2. X-ray Charactariatics

As with an FCS. the FCP does not merety transmit the image.
out apsorts any of the X-ray wnich was 1ot convensd 1o visioie
light. thus regucing the nsk of camage 12 a CCD or ciher senscrs
-~ith applicaticns in which lummnescan: Taterial is attacheg 1o the
FOP and an X-ray imags is converiec iS a visibie light image .
1) X-ray absorption

Fig. 36 shows the X-ray absorption curve when the 1ube voitage
of the X-ray is varied. 7ig. 37 shows Tie X-ray apsorption curve
in relahon to the FOP thickness at a Given X-ray energy of 80
«eV (Am). The XRS FOP {X-ray Raciaton Shisid FOP)} shown
in the figure is one in which lead or another heavy elament has
been inserted {o improve absorption of X-rays. As can be seen
from the figure, the XRS FOP has :he desired sffect for
applications such as medical treatment at low X-ray ene/gies.
Because the XAS FOP ingludes !ead. it is not appropriate for
use as a photo cathode (aikali metad), hut there are no significant
differances in the other characienstics, as shown in Tabie C,
Thus, it can be hangled in the same way as standard FOPs.
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Fig. 42 Ares Ratio of Taoersd FOP vs. Amount of Light

2-3-2, Slanted FOPs
4 siamad FOP is one wmier s Jracessed in sucn a way that the
gnne of tne FOP a: which ™2 iIign1 1S inSul ang oulou: are, as
snowr in Fig. 43, a1 an ang.# © tne directon of tne fioer axis.
Sy snazing the FOP s way, ine M2ut khage can no: oniy o0&
miarsec of reduces it one ZrecuSn (honzonzally or vertizally).
Wy7me angie CAN D2 $3iesiac 1D rasincline anagie a: wnign iight
1S inSul andior QUIDUL.

SMEeRALILES

Eig. 43 Slanted FOP

TUSTTIMINE

Fig. 4% Llgnt Pags in Stant FOP

1) Slant angte and angle of inputfoutput light

As shown in Fig. 44, wher the FOP is slantec. the fiber can
. trzasmit light onfy when te incigent angie cf the lignt is'larger
tmar - @ {if smaller tnan €. 27+ £ tne light censtrates), < g1s
de:ermined by Ina reiractive ndex of ine giass used in the FOP.
1 s line ‘of thinking is carrisg to its logicai extension. then if.
as shown in Fig. 43, an ang:e is cetermined at which light is
transmiited only wher = & = §0. inen based on Snel's law we
have the fallowing: ’

109

7, sin § = usin 90°

n,siny = n, sin 90°

. Refractive index af arr (=

nc: Retfractiva index of tne care glass
m: Rafractive ingex of the claa glass

e > M
Alsa, bacause of the following relation:

n: Aefraction ingax of the sir

n:: Retracton index of tne cove glass

n.: Aetraction inaex of the claa glass
Asl nene

h = H
Fig. 45 Logical Extension for Slant Angle

¢ =807 =i —100% = 31 = 180°

substuting tne varicus refractve Indices 107 NG vaues T Tasie
4 snabies ¢ o be celerm:es sasea on Tadle D.

Tabte D _ Angie ¢ at whicn only « & (= 90°C) incident lignt

is transmitted
N.A. Angle of Slant
0:3s 36.9€
0.55 3134 |
Q.88 25.20
1.0 21.82

I ouis smaller than the value given in the abcve table. not all ot
the light can be input to the fiver. Howaver. it the refractive index
i8 larger than that of airwnen the incident light comas In contac:
with the incigent plane, light can ce input for that section only.
Applying this principie results in the finger print application shown
in Fig. 52.



110

ey

xrn

N.A.=1.0
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N.A.<1.0
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Fig. 31 FOP Process
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