AD=AO33 415 RCA LABS PRINCETON N J
INJECTION LASER FOR HIGH=DATA=RATE COMMUNICATION. (U)

NOV 76 J P WITTKE» I LADANY, H KRESSEL N00014=76=C=0709
UNCLASSIFIED NL

| o | END
[-n'l'.
& =79

F/6 20/5

n




s fif2.

10 K

= & = 2
L=
(™ |40

Ll E* =

e - o
lizs e e




B

ADAO33415

INJECTION LASER FOR HIGH-DATA-RATE COMMUNICATION

By
J. P. Wittke, I, Ladany, and H. Kressel

RCA Laboratories
Princeton, New Jersey 08540

PROGRESS REPORT NO. 2

November 1976

Contract No. N0O0014-76-C~0709 ~

Prepared for

OFFICE OF NAVAL RESEARCH
DEPARTMENT OF THE NAVY BB &
ARLINGTON, VA 22217 L L7 L

)

DEC 10 1978

T




N 4. TITLE (and Subtitle) F e

UNCLASSIFLED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE . e o s
7. REPORT NUMBER 2.GOVT ACCESSION ND. 3.T&|’m~u
&._IYPE. D

B —

‘JNJECTI\)N _LASER H)R;UGH—’DATA—‘RATE / (-7/

Progress ep@t,)(o. 2)
L\ SOWUNICATIO?J‘

o
a0

e —
2 e 6. PERFORMING ORG. REPORT NUMBER

Ve AUTHORIY |8 CONTRACT OR GRANT NUMBER()
| gt —————— V) 5 e —— -
| J. P. Mittke, I./‘adanyﬂ H. ’ressel/K/:;Nﬂdm4-76-C-07ﬂ9 /

9. PERFO‘!MINO ORGANIZATION NAME AND ADDRESS

RCA Laboratories
Princeton, New Jersey 08540

11. CONTROLLING OFFICE NAME AND ADDRESS

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

(/| Novenewmn;6 |

P t——
13, NUMBER OF PAGES

Office of Naval Research ,, '\ 5
Department of the Navy (_’“ d 7" '

\

Arlington, VA 22217 [
14. MONITORING AGENCY NAME & ADDRESS

18. SECURITY CLASS. (of this report)

.

(if different from Controlling Office) Unclassified
18s. DECLASSIFICATION/DOWNGRADING
SCHEDULE
N/A
16. DISTRIBUTION STATEMENT (of this Report)

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Injection laser
Optical communications
Fiber optics
Single-mode fiber

20. ABSTRACT (Continue on reverse side if necesssry and identify by block number)

7 The goal is the development of methods of coupling as much power
from an injection laser as possible into a single-mode fiber, with the
fiber permanently bonded to the laser in a protective package. Study
of the factors controlling laser beam patterns continues. Some evidence
of dimensional changes in the epoxy fiber-laser bonding has been seen;

new epoxy is being tried. Several laser-fiber sealed packages have been

DD 73R, 1473 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

% ek




UNCLASSIFIED .

SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)
\ 20. F
\

\\ assembled for evaluation. Power levels of about 1 mW have been
coupled into the fiber, and long-term stability is being studied.

Ao R S R 3

s
wiis
ast

L d i “ 8

i
y Toom 4L——-< g

UNCLASSIFIED :
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) |




OBJECTIVE

The objective of this contract is to develop a stable single-mode fiber
assembly for coupling power from a cw laser diode into a permanent pig-tail
assembly. Included in this program are studies of laser diode device

parameters affecting the coupling efficiency into fibers.

FIBER COUPLING

In this reporting period, progress has been made in isolating many of
the factors which degrade the stability of the single-mode laser assembly.

The greatest difficulty involves the thermally induced shifts in the structure
in the course of laser operation which change the critical alignment of the
8-um-diameter fiber core with the laser diode.

The required dimensional tolerances on the laser-fiber system are shown
in Fig. 1 for a typical laser. Here the power coupled through a short length
of fiber is seen to fall off as the center of the core is displaced from the
center of the emitting region on the laser facet. The fall-off is seen to be
especially sharp with displacements perpendicular to the plane of the junction:
even a +1-um displacement leads to a reduction in coupled power of about 20%,
or 1 dB. (With the 25-pym~wide electrical contact stripes used, the tolerances
in the plane of the junction are 3-4 times as great.)

Thermal shifts in the laser, and especially in the thermoelectric cooler
elements, during cw operation can prevent maintenance of proper alignment
during the setting of the fiber-laser bonding epoxy. We have therefore used
alignment under short, low-duty-cycle pulsed conditions. This greatly reduces
the heat delivered to the system and has permitted greater positional control
during bonding.

Continued measurements on laser-fiber systems bonded with Varian's
Torr-Seal give indications of small dimensional shifts over a period of months.
We have therefore switched to another epoxy, Metalset A4, made by Smooth-On, Inc.
It may, however, turn out that all epoxies are dimensionally unstable and we
will be forced to other bonding techniques. We have therefore given preliminary
congideration to possible solder-bonding approaches. So far, no insuperable
problems have appeared in using such a method.

Several laser single-mode fiber sealed packages have been assembled and

tested. Powers of over a milliwatt (at rather high drive levels) have been
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Figure 1. Power coupled from laser through single-mode fiber as

cleaved fiber end is displaced from its position of
otpimum coupling by moving it perpendicular to the
fiber axis either parallel (||) or perpendicular (l)
to the junction plane.
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coupled through the attached fibers. Two such units have been delivered to
NELC for evaluation. A cross-sectional view of a laser-fiber package is
shown in Fig. 2. The cleaved end of the fiber is mounted about 25 um from
the emitting facet of the laser.

DEVICE STUDIES

To couple as much power as possible into the fiber, it is desirable to
operate the laser diode at the maximum possible current level commensurate
with reliability.

Coupling strategy depends on whether the fiber end is in the near- or
far-field region of the laser. For the transverse direction (perpendicular
to the junction plane) the fiber, being about 25 um from the laser facet, is
clearly in the far field, and lasers having narrow beam angles in this
direction are desirable. (Other factors than coupling enter into this choice;
we feel that a beam angle of about 35°-40° FWHM is optimal.) In the lateral
plane of the junction, the fiber is in the near field, and beam angles are of

less importance. We have been using lasers with a 25-um stripe width, but

comparable optical power coupling with 13-um stripe lasers is probably possible.

This will be investigated.

Our previous Progress Report detailed experiments concerned with changes
in the lateral mode profile of laser diodes with increasing current above
threshold. During this reporting period we have succeeded in isolating some
of the major effects associated with current changes in stripe contact lasers.
These changes are related to either basic parameters of the specific device
or to metallurgical flaws. Some examples are described below.

In the course of testing many cw diodes, we have found two basic types
of nonlinearities in the power vs current curves. Figure 3 shows examples of
two extremes observed with lasers having 13-ym stripe widths, and Fig. 4 shows
the near-field micrographs of the same two lasers. Diode A exhibits a
behavior which we have identified with a change from the fundamental lateral

mode to the first order one in the vicinity of 8 mW of power emission. Diode B,

on the other hand, exhibits behavior related to filamentary emission due to
defects in the junction and is not susceptible to systematic study. Lasers

of this type are normally discarded.

-
-

e it




*a8wjoed 19qFJ-19se] T[e3luamdo[aA3p B JO MITA [BUOFIDIS-S601) °*Z 2an3Tq

X208
a3A0089\

(L)

e
ANIS LV 3H
¥3dd00
g 30V4NNS
018
QINOONIN ONIdWY 1D
Al NDZ 10V1NOD
¥3314 SN
/ X \\/K///\/VA/\//
\
A : NCI LV INSNI
4vd g QV3IYHL 2€-8
$31X0d3 LOVLNOD




The change in the dominant, lateral mode from the fundamental to a
higher order one is reflected in the far-field in the plane of the junction.
Indeed, measurements of the angular distribution can be used to determine
the power in the fundamental and higher order mode. Our initial measurements
indicate that the power emission in the fundamental lateral mode in the low
threshold, narrow lasers tested so far can saturate at about 20 mW (emission
from both sides). However, there is no evidence so far that this represents
a fundamental limit, and studies are in progress to establish factors controlling

the lateral modes in our devices.
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