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ABSTRACT

The spectroscopic and laser performance characteristics of Nd:YVO4
were measured and compared to Nd:YAG. In TEMoo CW operation at 1,06y,
the Nd:YVO, laser exhibited a lower threshold and a higher slope efficiency
than Nd:Y AG. This laser shows great promise for development of a low
threshold and efficient oscillator suitable for application in a high data rate

laser communication system which should substantially outperform a similar
Nd:YAG system.
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1. INTRODUCTION. . __ |

One of the important frontier applications of lasers is that of hlgh data
‘rate spaceborne laser. communlcatmn systems. Lasers of hlgh eff1c1ency and

low thresholds are requlred 1n such dwerse apphcatlons as commumcat1ons,

‘ An essent1a1 sub system is the laser transmitter, which must be reliable,
efficient and stable. In a prototype system under development by the U. S.
Air Force, a mode-locked, frequency doubled Nd:YAG laser is used. New 7
Cfc;;f)eg—,;o_f)_*.potassium-rubidium pump lamps have been designed for this applica-
tion, With an input lamp power of 300 W, the Nd:YAG laser produces about
1 W at 1,06y It is highly desirable to obtain higher outputs without increasing
the pump povs;er requirements., This goal might be obtained with lasers using
new Nd doped crystals.,

Recently, detailed spectroscopic measurements have shown that the
stimulated-emission cross-section of A-axis Nd:YVO4 at 1. 064y was much
larger than that of Nd:YAG at 1.0642 . A simple theoretical analysis showed
that a CW Nd:YVO4 laser with thresholds a factor of 2 lower than Nd:YAG and
with comparable slope efficiencies was feasible.

A major goal of this contract effort was to explore in depth the potentiali-
ties of the Nd:YVO
Nd:YAG laser.

A broad range of characteristics were investigated and are described in
the following chapters. With Nd:YVO4
with thresholds a factor of 2 lower than Nd:YAG and with greater slope efficiencies.

4 and to demonstrate experimentally its superiority to the

crystals, CW 1,06y lasérs were oper ated:

ThuS, the first step in the development of new osc1llators sultable for appllcatlon

- in hlgh data rate laser communlcatlon systems which surpass the present per-

o, et

formance of the Nd YAG laser has been successfully demonstrated
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II. PHYSICAL AND CRYSTAL CHARACTERISTICS OF

Nd:YVO4

A, . Crystal G,.r,owth,of,Nd:Y,VO ,.

Single crystals of rare earth doped YVO have been grown by both flux and
Czochrolski techniques. [1 2,3 4] Crystal growth studies using e1ther techn1que
have been somewhat 11m1ted and, consequently, the growth of these materials
is poorly understood at this time. The crystals‘grown from fluxes are small
(2 2 cm long by 2-3 mm in cross secﬁon) and elongated in the ''¢'' axis direc-
tion, Crystals of this type are not appropriate for laser applications which
require "a' axis rods =&~ 3 mm or larger in diameter and 30 mm or longer
in length. On the other hand crystals of sufficient size and proper orientation
have been grown by the Czochrolski process. Unfortunately these crystals
contain many defects and as such are not adequate for laser application.

A detailed microscopic examination by Aerospace staff of state-of-the-
art Czochrolski grown single crystals has revealed several light scattering
defects related to lack of proper control of the crystal growth processes.

An example of a major scattering defect is shown in Fig. 1. These shaped
inclusions are most likely crystals of Ir derived from the crucible material
and are scattered randomly throughout most of the crystals. Other material
inclusions discovered in the.crystals were of'sﬁch small size (1 3 ym)

that high quality optical micrographs could not be obtained. These will be
described. )

Preliminary examination of a '"bad'' ''a'' axis laser rod showed several
zones of intense light scattering along the length of the rod. Microscopic
examination showed a high volume of scattering centers with complex charac-
teristics, They appeared as small round black dots with a rod shaped sharp
index change around the dot aligned in random directions in the crystal. Nor-
mally one would assign apparent index changes to diffraction effects around the
scattering centers. In this case there appears to be a sharp-irregular index
change associated with most but not all of the scattering centers. Due to the
small size of the centers one cannot clearly state whether the dot represents

a solid phase or a void in the crystal. However, at this time a best guess
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