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Abstract

Microlenses with an extremely small radius of curvature are efficiently used to couple
LED /laser diode light into optical fiber. We propose a Tapered lens for the highly eff -
icient coupling of the optical fiber communication light sources into the fiber.

Ray optical analysis shows that the maximum coupling efficiency is as highas 90 %.
Tapered lens with optimum parameters are fabricated by using heating and pulling tech -
nique. Experiment shows that this new technique improves the coupling efficiency by
two and four times for LED and laser diode, respectively, as compared with the
simple flat - end coupling.

o2} laser diode @ LEDS$} optical fiber ¢

coupling wWol A% B-& Bl o) Fol A gtch
L L coupling efficiency 7} w3 7lAlH e 2 H#FE co-
Optical fiber & AM-3 HBEHR) L3 upling ¥4y © 2% selfoc lens 4 spherical lens
59| external lens € A48 connector type'”

* FTEHE. BREES TR 3 epoxy & 4hg3ld pigtail & Zeldl pigtail
(Korea Telecommunications Research type '@ o] @o) AgHm Utk 24 FHE
Institute) connector A28 o] Hgo] wfE2rn g viwy et}
HERAT © 19794 6H 118 I coupling efficiency 7} ¥-& pigtail type o]



1979 9H BTTREHE F165 4%

o ol o] &5 gl Aol

pigtail type 9 coupling sl A& fiber d =&
lens 2 wt&2 24 coupling efficiency & ¥U<4
gle =, o] W coupling efficiency £ lens 9
+973E A 45 F7H g BV oy me
coupling efficiency & o€ 4 9+ lens® de -
sign el o] foke] Fag AT R4, cutting
and heating ol ¢ & hemispherical lens ™ {t8
B M elol 9% hemispherical lens,™® grinding
and heating ol 4% cylindrical lens'” % oei7}
2 349 lens 7t W= o Y}

22 Aol AL stoldl & Alatsk o] Rat
B ot wyos A4 BRI Q& AL o
¥ % efficiency 7} 7}3 22 cutting and heat -
ing ol 9 hemispherical lens o]t}

ololi ¥ Wl HE Aol utAAE o
coupling efficincy & € 4 & Wy o2 tape-
red lens & ERsI o}

ray tracing method & A}43le optimum ta-
per ande & RA%H 2, coupling efficiency &
B o2 A4t hemispherical lens o ¥ &
stavh. =7t laser diode ¢ LED & AH43ted flat
endol 3 improvement factor & Wi g el
staL, LEDe pigtail & Hasigd o,

2. Tapered lens

Hemispherical lens ol ¢18 coupling efficiency
+ reference 3ol 4 AM Al A4 o] glon, o]
ol Y&t el coupling efficiency & ¥0]7 984+
lens & ¥R L AALEE Foh 28Y cutt -
ing and heating W9™ o 2% fiber w7 (cladd-
ing 47) 3ot AL T3 AL A lens & Al

g 47t g

a8 1.Tapered lens 8 &
Fig. 1, Definition of the tapered lens.

2% 12 tapered lens & model o=, 4 7t
w3 37l d FEwAol ¢ 3L hemispherd -
cal lens ¢t taper 8 R o= Ysgc} light
source 9 size 7t fiber & core 4 7ol ws 24
5 A3 7483 hemispherical lens /Yol A
4 4 4¢ reference 34 fig. 2 & AL£3%cH

light soure & ¥® fiber 8 axis o "t A
HA 6, 2 lens ol AHH ray £ lens Eujoly
axis ol A3 A6, o= AT} o] W lens oA
B rmy € 6,9 274 =2k ray A & ray B
= Jdebd F group 22 re ALY 5 Urk

(1) ray A ¢ group

0,<8c (1)

5. lens ol 4 BHT= ray o fiber axis o] oi§
fio] fiber & critical angle f; 4t} e 7A$
24, o] group ol B¥ RE ray & taper o] A
glol fiber ¢  core ol guide =t}

(2) ray BY group

6,= 0¢ @)

lens ol A FE#HT= ray & axis ol ®§ o) 0c
2ot & A%eld, o}F ray £ taper |4 KRAE
224 core ol guide €4 vk cored taper
angle & At ste B 6,9 ray Bsb taper ¢ core
2} cladding Al 4 total reflection =71 $s)
AE

6,-8 <o ®
7b Sejel el 2B taper o} 4 KHH ray 7}
coreo} guide 7 AL

6, =16,-28] <6, o
8 Befol mbE: ook qheh @by = (3) 3 R ()
2

0, max =§. + B (8)
dE & F ek "Wl 6, >0, 3 BE ray 7
taper o4 RS 7 YA

8 < 6, min (6)
ol stelekst™ § min = 6 o=z

B max = f¢ (")
b el Rm & K)ol RASH

6, max = 26, (8)

&, core & taper angle B-& fiber 9
critical angle fc ¢ ZAstd fiber & Y
critical angle & Fff2 &7lA7 4 A =4,

¥ 2% reference 39 ¥ 22 K (s) L AL
3te flat end ¢ hemispherical lens 2l tapered



Tapered Lens & A3 Light Source ¢ Optical Fiber ¢ &#)#% Coupling

100
| (3
. 90 //_
: 8 (2
70
Lgeo
5‘;»50
z 2
W 4
%]
\uu.s
QW
<
2 20
W
83 10
q Q
)

gl 2072w F 4% N Ao =€ maximun
acceptance angle ®F maximum coupling
F§ (1) flat end (2) hemispherical lens
(8) tapered lens
* n, = 1.5, laser¥ W, =028um,
A= 0.86524m

Fig. 2. Theoratical acceptance angles and max-
imun coupling efficiences as a function
of N. A.of the fiber.
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Fig. 4. Result of laser coupling into fibers.
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Table {, Comparisions with existing pigtailed LED.

L ED fiber coupled | price ($)
company type power (u W) C%rzrgl)a. lpI::g?i)I(e N.A p?fv?/g LED plftgged
L.D. Labs. IRE 160 7,000 65 G.I. 0.27 100 223 360

* RCA C - 30119 500 70 S. 1. 0.2 150 118
* RCA C- 30119 500 60 G.I. 0.2 110 118
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