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4. EXTERNAL  MODULATORS – INTRODUCTION

DESIRABLE CHARACTERISTICS

 HIGH MODULATION SPEED (EO BANDWIDTH)
 NO FREQUENCY CHIRP
 LINEAR LIGHT-CURRENT RESPONSE
 WORKING TEMPERATURE AND STABILITY
 LOW INSERTION LOSS
 SMALL DRIVING CURRENT
 POLARIZATION INDEPENDENCY
 SMALL SIZE AND CONSUMPTION (INTEGRATION)
 REDUCED COST
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4. EXTERNAL  MODULATORS – EAM

Semiconductors Electro-absorption  Franz-Keldysh Effect Agrawal, “Components and Devices”, pg. 225.

Residual Chirp  Kramers-Kronig Relation

Temporal Response  10 ps (40 Gb/s  25 ps)
Extinction Ratio  15 dB
Wavelength Range  20 nm (1550 nm)
Insertion Loss  5 dB

EO Bandwidth  30-50 GHz
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INTENSITY MODULATION USING AN EAM

Signal Inversion

Temperature Dependence
https://doi.org/10.3938/jkps.53.1538
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4. EXTERNAL  MODULATORS – MZM
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4. EXTERNAL  MODULATORS – MZM

Crystals Electro-refraction  Pockels Effect Agrawal, “Components and Devices”, pg. 227.
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N
or

m
al

iz
ed

 O
ut

pu
t

-Vπ

0.0
0.2
0.4
0.6
0.8
1.0

Normalized Driving Voltage
Vπ 3Vπ2Vπ0-1.0

-0.8
-0.6
-0.4
-0.2

Mach-Zehnder Transfer Function

Power/Amplitude

MACH-ZEHNDER TRANSFER FUCNTION

Ein(t)

Eout(t)

φU(t)

φL(t)

( )
( ) ( )

U L
out 0

t t
E t E cos

2
 φ − φ 

=  
 

( ) j t
in 0E t E e ω=

( )
( )

( ) ( )

U
U

L
L

V tt
V

V tt
V

π

π

φ = π

φ = π

( ) ( )
U LV t V t−Driving Voltage

Proof

( )
( ) ( )2 U L

out 0
t t

P t P cos
2

 φ − φ 
=  

 

( )
( ) ( )

U L
out

t t
t

2
φ + φ

φ =

( ) ( )2 U L
0

V t V t
P cos

2Vπ

 − 
= π 

 

( ) ( )
U LV t V t

2Vπ

+
= π

( ) ( )U Lt t
j j t2e e
φ +φ

ω



FIBER-OPTIC COMMUNICATIONS

26 JANUARY 2022 slide 17

telecom
BCN

4. EXTERNAL  MODULATORS – MZM
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4. EXTERNAL  MODULATORS – MZM

Push-Pull Operation (Chirp-free)
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4. EXTERNAL  MODULATORS – MZM
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4. EXTERNAL  MODULATORS – INTENSITY MODULATION

Intensity Modulation Transmitter
Also known as On-Off Keying (OOK)

phasorial diagram
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Binary Phase-Shift Keying (BPSK) Transmitter

phasorial diagram
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Quaternary Phase-
Shift Keying (QPSK) 
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