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144 D.

Since this work, extremely efficient 1.48—ttm-pumped Er-doped fiber laser

in fact been reported by Wagener et al. at Stanford University [I07]. This study estat

that a key factor that needs to be optimized to maximize the conversion efficie

the erbium concentration. Measurements indicated that fibers with increasingly h

concentrations have increasingly high thresholds and low slope efficiencies. The:

effects were attributed to the presence of an increasing percentage of Er“ cluster

to the fact that clusters dramatically reduce the excited lifetime [I33], and there

quantum efficiency of the transition. The most efficient fiber laser reported in this

used a low-concentration fiber (110 mol ppm Er2O3) and a correspondingly lon;

(42.6 m) [107]. The cleaved fiber ends (~3.5% reflections) fonned the laser Fabry-
resonator. In spite of the high cavity loss (~29 dB), the threshold was low (~4.8

and the laser was successfully pumped with a low-power laser diode. It emitted si

neously in the forward and backward direction, with a forward slope efficiency of

[lO7]. This is the highest slope efficiency and the highest conversion efficiency re

in an Er-doped fiber laser (see Table 3). The backward slope efficiency was 31.8‘.

dichroic high reflector was placed at the pump input end, a total slope efficiency of a]
imately the sum of these two figures, or ~90.4%, would be expected, as well as a su
tial reduction in threshold.

This study showed that Er—doped fiber lasers, when pumped near 1.48 pm, 4

at least as efficient as 980-nm pumped lasers. The reasons for this high performancu

the low Er concentration and the similarity between the pump and laser photon en

[I07]. The slope efficiency of 90.4% is, in fact, very close to the quantum limit 0

predicted for the ratio of pump to signal photon energies. It confirms that the qu

efficiency of this transition can be within a few percent of unity. In this light, concent

quenching may well explain the suboptimal efficiencies and thresholds reported in

Er-doped fiber lasers (see Table 3). It points to the importance of selecting a suffic

low rare earth concentration to maximize the performance of fiber lasers or amp
This requirement was confirmed in a more recent report of a ring fiber laser that u

a very low-concentration fiber (see Table 3) [21]. After optimizing the fiber lengt

output coupler transmission, the laser had a low threshold (6.5 mW) and a fairly
slope efficiency of 38.8%. Tuning from 1525 to 1570 nm was achieved with an intra
tunable filter.

3.6.8 Summary

In summary, Er—doped fiber lasers operating close to 1.55 pm are extremely eff
When pumped at 1.48 um, their slope efficiency can be within a few percent of the tha

cal limit ?\.,,/9», == 95%. Pumping at 980 nm produces a lower, although still subst
slope efficiency (theoretical limit of ~63%). Pumping at about 800 nm is unfortu

less efficient (~l5%) because of pump ESA, even with Yb co-doping. Er-dope:
lasers are now almost exclusively pumped close to 980 or 1480 nm. They have alst

operated at multiple wavelengths simultaneously. This feature, of great importan
dense WDM systems, is reviewed in Chapter 5.

3.7 Y1TERBlUM

3.7.1 Basic Spectroscopy

Ytterbium is one of the most versatile laser ions in a silica-based host. It offers s

very attractive features, in particular an unusually broad absorption band that strn

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


