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PULSED LASER SOURCES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 11/372,859 ?led Mar. 10, 2006 and entitled 
“PULSED LASER SOURCES,” Which is hereby incorpo 
rated by reference in its entirety; US. patent application Ser. 
No. 11/372,859 is a divisional ofU.S. patent application Ser. 
No. 10/814,502 ?led Mar. 31, 2004 and entitled “PULSED 
LASER SOURCES,” now US. Pat. No. 7,190,705, Which is 
hereby incorporated by reference in its entirety; US. patent 
application Ser. No. 10/814,502 also claims the bene?t of 
US. Provisional Patent Application No. 60/519,447 ?led 
Nov. 12, 2003 entitled “POLARIZATION MAINTAINING 
DISPERSION CONTROLLED FIBER LASER SOURCE 
OF ULTRASHORT PULSES,” Which is incorporated herein 
by reference in its entirety. US. patent application Ser. No. 
11/372,859 is also a continuation-in-part ofU.S. patent appli 
cation Ser. No. 10/627,069, ?led Jul. 25, 2003, entitled 
“POLARIZATION MAINTAINING DISPERSION CON 
TROLLED FIBER LASER SOURCE OF ULTRASHORT 
PULSES,” published as US. Patent Application Publication 
No. 2005/0018714A1,noW US. Pat. No. 7,088,756, Whichis 
hereby incorporated by reference herein in its entirety. 

BACKGROUND 

[0002] 1. Field 
[0003] The present teachings relate to modelocked ?ber 
lasers and ampli?ers, such as for example, ultra-compact high 
poWer integrated ?ber lasers With pulse Width controlled and 
With concatenated sections of polarization maintaining ?ber, 
as Well as potential applications such as precision metrology. 
[0004] 2. Description of the Related Art 
[0005] Modelocked ?ber lasers offer advantages over tra 
ditional solid-state lasers for ultrafast optic applications. 
Modelocked ?ber lasers can potentially be packaged in very 
small spaces and may also exhibit superior mechanical and 
thermal stability; see for example FemtoliteTM Series made 
available by IMRATM America, Inc, Ann Arbor, Mich. In 
particular, passively modelocked ?ber lasers may alloW com 
pact designs because of the absence of bulky optical modu 
lators. 
[0006] To compete on an equal level With modelocked solid 
state lasers in ultrafast optics applications, hoWever, mod 
elocked ?ber lasers preferably include the folloWing features: 
1) the output polarization state should preferably be Well 
de?ned, 2) the construction of the ?ber laser should prefer 
ably be adaptable to mass production, 3) the required optical 
elements should preferably be inexpensive, 4) the design 
concept should preferably comprise saturable absorbers With 
Well controllable parameters and 5) implementing pulse 
ampli?cation preferably be simple. These factors are impor 
tant in the design of modelocked ?ber lasers, and there is an 
ongoing need for improvements in such devices. 

SUMMARY 

[0007] One embodiment of the present invention comprises 
a master oscillator poWer ampli?er comprising a mode 
locked ?ber oscillator and a ?ber ampli?er. The mode-locked 
?ber oscillator comprises a pair of re?ective optical elements 
that form an optical resonator. At least one of the re?ective 
optical elements is partially transmissive and has a re?ection 

Apr. 22, 2010 

coe?icient that is less than about 60%. The mode-locked ?ber 
oscillator outputs a plurality of optical pulses. The ?ber 
ampli?er is optically connected to the mode-locked ?ber 
oscillator through a bi-directional optical connection such 
that light from the mode-locked ?ber oscillator can propagate 
to the ?ber ampli?er and light from the ?ber ampli?er can 
propagate to the mode-locked ?ber oscillator. 
[0008] Another embodiment of the present invention com 
prises a method of producing laser pulses. In this method, 
optical energy is propagated back and forth through a gain 
?ber by re?ecting light from a pair of re?ective elements on 
opposite ends of the gain ?ber. Less than about 60% of the 
light in the gain ?ber is re?ected back into the gain ?ber by 
one of the re?ectors. The pair of re?ective elements together 
form a resonant cavity that supports a plurality of resonant 
optical modes. The resonant optical modes are substantially 
mode-locking to produce a train of pulses. The train of optical 
pulses is propagated from the laser cavity through one of the 
re?ectors to a ?ber ampli?er along a bi-directional optical 
path from the laser cavity to the ?ber ampli?er Where the laser 
pulses are ampli?ed. 
[0009] Another embodiment of the present invention com 
prises a ?ber-based master oscillator poWer ampli?er com 
prising a mode-locked ?ber oscillator, a ?ber ampli?er com 
prising a gain ?ber, and bi-directional optical path betWeen 
the mode-locked ?ber oscillator and the ?ber ampli?er. The 
mode-locked ?ber oscillator comprises a resonant cavity and 
a gain medium. The mode-locked ?ber oscillator produces a 
plurality of optical pulses. The bi-directional optical path 
betWeen the mode-locked ?ber oscillator and the ?ber ampli 
?er permits light from the mode-locked ?ber oscillator to 
propagate to the ?ber ampli?er and light from the ?ber ampli 
?er to propagate to the mode-locked ?ber oscillator. The 
mode-locked ?ber oscillator comprises a ?rst segment of ?ber 
and the ?ber ampli?er comprise a second segment of optical 
?ber. The ?rst and second segments form a substantially 
continuous length of optical ?ber. In some embodiments, the 
?rst and second segments are spliced together. The ?rst and 
second segments may be fusion spliced. The ?rst and second 
segments may also be butt coupled together With or Without a 
small gap, such as a small air gap, betWeen the ?rst and 
second segments. 
[0010] Another embodiment of the present invention com 
prises a method of producing laser pulses comprising sub 
stantially mode-locking longitudinal modes of a laser cavity 
to produce laser pulses and propagating the laser pulses from 
the laser cavity to a ?ber ampli?er. The laser pulses are 
ampli?ed in the ?ber ampli?er. Ampli?ed spontaneous emis 
sion emitted from the ?ber ampli?er is received at the laser 
cavity. A ?rst portion of the spontaneous emission enters the 
laser cavity. A second portion of the ampli?ed spontaneous 
emission from the laser cavity is retro-re?ecting back to the 
?ber ampli?er to cause the secondportion to be directed aWay 
from the cavity toWard the ?ber ampli?er. 
[0011] Another embodiment of the present invention com 
prises a ?ber master oscillator poWer ampli?er comprising a 
mode-locked ?ber oscillator and a ?ber ampli?er. The mode 
locked ?ber oscillator comprises a ?rst portion of optical ?ber 
and a pair of re?ectors spaced apart to form a ?ber optic 
resonator in the ?rst ?ber portion. At least one of the ?ber 
re?ectors comprises a partially transmissive ?ber re?ector. 
The mode-locked ?ber oscillator outputs a plurality of optical 
pulses. The ?ber ampli?er comprises a second portion of 
optical ?ber optically connected to the partially transmissive 




























