












0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

-0.8

0.0

0.8

vo
lts

seconds

200 250 300 350 400 450 500
0.0

0.1

0.2

0.3

0.4

0.5

resolution~  1.5 Hz
FWHM ~ 3Hz

Frequency (Hz)

A
m

pl
itu

de



Gain

Detector

∆∆n

x delay  τd

∆ν∆ν
νν == ∆∆ P

P

B

x∆n
=

P





D

   PULSE
CROSSING
   POINT

GAIN
S

λ/2

λ/4

λ/4



λ/2

λ/4

BEAT NOTE
DETECTOR

P

GAIN MEDIUM

S



D

   PULSE
CROSSING
   POINT

GAIN

EO D2

OPTICAL
DELAY

BEAT NOTE



   PULSE
CROSSING
   POINT

GAIN

EO OSCILLATOR

BEAT NOTE

 PHASE
ADJUST

D

D2

0 2 4 6 8
0

10

20

30

40

50

Delay (ns)

F
re

qu
en

cy
 (

kH
z)



Db

Dp

Phase 
Control

τRT =TOSC=
P
c

OSCAMP

νosc = 1/Tosc = 1MHz

MOD

x

νb

Phase

νbmax

ϕ







RF Spectrum
Analyzer

Spectrometer
(R~0.2 nm)

650 700 750 800 850 900 950

100

200 (a)

R
ep

. R
at

e 
- 

10
1 

88
4 

00
0 

H
z

Wavelength [nm]



TIME

FREQUENCY

TIME

FREQUENCY

(a)

(b)



Reference cavity

BS

AOM
fm= 10.7 MHz.

Ti:S crystalIsolator

PM

Output
coupler

1st order beam

fm= 10.7MHz

-0.6

0.0

0.6

 

 

V
ol

ta
ge

Frequency

-0.6

0.0

0.6

 

 

V
o

lta
g

e

Frequency

Pick-off mirror

Grating

PD1PD2

-
+

Servo #1:
Average frequency control

Servo #2:
Group mode control

Σ

To PM



239.4 239.6 239.8 240.0 240.2 240.4

-80

-60

-40

-20

0

20
R

F 
P

ow
er

 [d
B

m
]

Frequency [MHz]



0.1 1 10
1E-12

1E-11

A
lla

n 
D

ev
ia

tio
n

Averaging Time (sec.)



Ti-Sapphire

D

PPLN
λλ/2PBS

Faraday Rotator
BSM1

M
2 M

3

CCD



200 400300

FREQUENCY (kHz)



Modulator

B A

D

E

F

G

Diode

High 
brightness





Diode

High 
brightness

Modulator

MQW

CROSSING POINT

DB

BEAT NOTE
DETECTION





980 nm Pump diode

Faraday
mirror

Comb Generator

Divider

100 MHz

delay
I

I

Polarizing
beam splitter

Erbium 
doped fiber

Detection Loop

Photodiode

LOOP: Polarization maintaining fiber
TAIL: Single mode fiber



Input

11C90
X 2

100331
X 2

100325

Output










