


































(c )

(b )

(d )

O/EE/OI n p u t O u t p u t

(a )

P DM o d .L D

D a t a

O u t p u t

P D

L D 2
f2

L D 1D a t a f 1 O u t p u t

P D
M o d .

D F S

D a t a

f2

f1

O u t p u t











Data

LD MZM

π/2

f MMW

DC bias



fMMW

LD

Mod.

Data

Optical
Amp

Ω1

Ω2

MZM

Mach-Zehnder
Filter



Slave
LD 1

Data

Slave
LD 2

Master
LD

f MMW/n



Master
LD

PD

Loop
Filter

Data

VCO
LD

Mod.

Phase detector

Ω1

Ω2

fMMW





LD MZM

Data

PD
SMF

~
fc

Ant

(a)

(b)

ELD EMZM

DC bias

RF drive

Modulator













0 2 4 6 8 10

-140

-120

-100

-80

-60

-40

-20

0

 f
c
 = 30 GHz

 f
c
 = 60 GHzC

N
R

 p
en

al
ty

 [
d

B
]

Transmission distance [km]





ModulatorDual -

Frequency

Source

O/E

AntData

Ω2

Ω1

fcSMF

Perfect correlation ∆τ











0 1 x 1 0
9

2 x 1 0
9

3 x 1 0
9

4 x 1 0
9

5 x 1 0
9

1 0
- 22

1 0
- 19

1 0
- 16

1 0
- 13

1 0
- 10

1 0
-7

1 0
-4

1 0
-1

∆ τ =  1 p s

m
m

-w
a

v
e

 S
S

B
-P

S
D

O f f s e t  f r e q u e n c y  [ H z ]

0 1 x 1 0
9

2 x 1 0
9

3 x 1 0
9

4 x 1 0
9

5 x 1 0
9

1 0
- 15

1 0
- 12

1 0
-9

1 0
-6

1 0
-3

1 0
0

∆τ =  1 0 0 0 p s

m
m

-
w

a
v

e
 S

S
B

-
P

S
D

O f f s e t  f r e q u e n c y  [ H z ]



1 0
- 11

1 0
- 10

1 0
-9

1 0
-8

3.0

2.5

2.0

1.5

1.0

0.5

0.0

 ∆ν =  1  M H z

 ∆ν =  1 0  M H z

 ∆ν =  5 0  M H z

C
N

R
 p

e
n

a
lt

y
 [

d
B

]

Differential delay















10 100 1000 10000
10

1

102

10
3

10
4

105

10
6

107

10
8

 2-ary PSK

 4-ary PSK

 8-ary PSK

 16-ary PSK

L
in

e
w

id
th

 x
 R

e
c

e
iv

e
r 

B
W

 [
M

H
z2

]

Distance x Carrier frequency [kmGHz]







BPF
@f1

BPF
@f2

Envelop
detector

BPF
@fM

Envelop
detector

Envelop
detector

Decision

stage

Z1

Z2

ZM

ri(t) = si(t) s s′i(t)

••• ••
•





0 1 2 3 4 5
-30

-25

-20

-15

-10

-5

0

 ∆ ν
IF

 / R  = 0.0

 ∆ ν
IF

 / R  = 0.1

 ∆ ν
IF

 / R  = 0.2

 ∆ ν
IF

 / R  = 0.3

D
e

m
o

d
u

la
to

r 
o

u
tp

u
t 

[d
B

]

Normalized frequency offset, F







0 .1 0 .2 0 .3 0 .4 0 .5
10

-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
- 9

10
- 8

10
- 7

10
- 6

10
- 5

10
- 4

10
- 3

 2-FSK

 4-FSK

 8-FSK

 16-FSK

B
E

R
 f

lo
o

r

∆ν
IF

 / R


















