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Improvement the Dynamic Range of the Signals, Transmitted over the Optical Channel Using 

an External Mach-Zehnder Modulator (Lidia T. Jordanova, Valentin I. Topchiev). In this paper a 

method for the Mach-Zehnder modulator transfer characteristic linearization is presented. 

This method bases on the application of compensation scheme that includes two conventional Mach-

Zehnder modulators switched in parallel according to the input optical power and the RF drive 

voltage. The modulator working regime is defined so that cancellation of the intermodulation 

distortion products of second order is achieved.The influence of the optical input power splitting ratio, 

the electrode length ratio between two co-modulators and the optical modulation index on the carrier-

to-composite triple beat ratio is researched. The optimal modulator parameters that guarantee 

minimum level of composite triple beat products and minimum optical power loss are determined. 

Finally, an algorithm for defying the spurious free dynamic range and the third-order intermodulation 

intercept point of the modulator is presented. By making a comparative analysis between this 

optimized modulator and conventional Mach-Zehnder modulator, the advantages of the considered 

compensation scheme with two MZ-modulators in parallel are given. 
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+, +# +).%3.% .%+*,+70%+#3+0 MZ-5%&63#/%(#. 
=#>-,B,./0*+0 1# /(,/#/# !(6$# 5,/%&0, $(0 .%0/% 
2(,; $%&-%&)?% 1*<(;*#+, +# 5%&63#/%(0/, 0 $%&-
'%( +# /,-+0) (,@05 +# (#'%/# 5%@, &# 1, $%1/0!-
+, .%5$,+1#70) +# +,@,3#+0/, $(%&6./0 %/ +,30-
+,>+0 0;.(0*)*#+0) [1]. 

D,3/# +# /#;0 (#'%/# , &# 1, 0;13,&*#/ *<;5%@-
+%1/0/, ;# (#;40()*#+, +# &0+#502+0) %'-*#/ +# 
RF 10!+#30/, * 899: 2(,; 0;$%3;*#+, +# .%5$,+-
1#70%++# 1-,5# +# MZ-5%&63#/%(, 1<1/#*,+# %/ 
&*# $#(#3,3+% *.3E2,+0 .%+*,+70%+#3+0 MZ-5%-
&63#/%(#. F;13,&*#+,/% , $(%*,&,+% +# '#;#/# +# 
5#/,5#/02,1.% 5%&,30(#+, +# $(%7,10/, * 5%&6-
3#/%(0/, 1 ,&+%*(,5,++% %/20/#+, +# /)-+#/# .%+-
1/(6.70) 0 (,@05 +# (#'%/#. 
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$%.#;#+# +# B0!.1, *.3E2*# %1+%*,+ (MZM1) 0 .%5-
$,+10(#? (MZM2) 5%&63#/%(, .%0/% 1# 1*<(;#+0 
$#(#3,3+% .#./% $% %/+%4,+0, +# %$/02+0), /#.# 0 
+# 5%&630(#?0) RF 10!+#3. G$/02+0)/ 10!+#3 1 
5%?+%1/ Pin 1, (#;&,3) 5,@&6 MZM1 0 MZM2 * %/-
+%4,+0, C /(1 – C), .#/% 7,3/# , 1/%>+%1//# +# C  &# 
'<&, .%3.%/% 1, 5%@, $%-'30;.# &% ,&0+07#, ;# &# 
1, 50+050;0(#/ ;#!6'0/, +# $%3,;+# 5%?+%1/ * 5%-
&63#/%(#. 9%5$,+10(#?0)/ 5%&63#/%( MZM2 05# 
B $</0 $%-!%3)5# &<3@0+# +# ,3,./(%&0/,, /.,. #5-
$30/6&#/# +# $%&#&,+%/% .<5 +,!% 5%&630(#?% 
+#$(,@,+0, , B $</0 $%-!%3)5#, $%(#&0 .%,/% /%> 
1<;&#*# $%-!%3,50 0;.(0*)*#+0) +# 10!+#3#. H(,; 
$%&-%&)? 0;'%( +#  $(,&+#$(,@,+0)/# +# &*#/# 5%-
&63#/%(# Ubias1 0 Ubias2 1, %10!6()*# 0;5,1/*#+, +# 
(#'%/+0/, (.*#&(#/6(+0/,) 05 /%2.0 +# I (#&0#+# 
,&+# 1$()5% &(6!#, *13,&1/*0, +# .%,/% 10!+#3</ * 
0;-%&# +# MZM2 1, &,B#;0(# +# I (#&0#+# 1$()5% 
0;-%&+0) 10!+#3 +# MZM1. J% /%;0 +#20+ 1, 1<;&#-
*#/ $(,&$%1/#*.0 $(%&6./0/, %/ +,30+,>+0 0;.(0-
*)*#+0) * MZM1 &# 1, .%5$,+10(#/ %/ /,;0, .%0/% 
$%(#@&# MZM2. J%&&<(@#+, +# +,%'-%&05%/% B#-
;%*%/% 613%*0, $(0 *<;&,>1/*0,/% +# (#;302+0 &,1-
/#'030;0(#?0 B#./%(0 1, %10!6()*#, .#/% * 1-,5#/# 
1, *.3E20 &%$<3+0/,3+% B#;%(,!63#/%(, .%>/% 1, 
6$(#*3)*# 2(,; +#$(,@,+0,/% Uphase .  
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;#*01)/ %1+%*+% %/ +0*#/# +# 0+/,(5%&63#70%++0-
/, $(%&6./0 %/ /(,/0 (,& (CTB) 1 2,1/%/0 ; i + ; j –

 ; k 0 ; i – ; j ± ; k [4], ;# %$(,&,3)+,/% +# .%0/% , 
$%362,+ 13,&+0)/ 0;(#;: 

(5) 
 !  !

 !  !  !

3 3
1 0

3 3
1 01 .

i j k

N
in

N

P P AJ m J m

A J B m J Bm

2
; >; >;

2

#' 20

$2 2 1
    

A<> .#/% (#'%/+0/, /%2.0 +# MZM1 0 MZM2 1<*-
$#&#/ 1 .*#&(#/6(+0/, /%2.0 +# /,-+0/, 5%&63#70-
%++0 -#(#./,(01/0.0, /, +, $%(#@&#/ 0+/,(5%&6-
3#70%++0 $(%&6./0 %/ */%(0 (,&. 

G/1/%)+0,/% +# 0+/,(5%&63#70%++0/, $(%&6.-
/0 %/ /(,/0 (,& 1, %$(,&,3) $% B%(563#/# 

(6)  

2

1
i

i j k CTB

PC

CTB P N

;

; >; >;

% &
, -'
, -
. /

, 

.<&,/% P;i , +0*%/% +# $%3,;+0) 10!+#3 (+%1,?%/% 
/(,$/,+0,), $(,+#1)+ $% i-/0) RF .#+#3 +# 899:, 
# NCTB – '(%)/ +# 0+/,(5%&63#70%++0/, $(%&6./0 
%/ /(,/0 (,&, $%$#&#?0 * 1<?0) .#+#3. "# 0;2013)-
*#+, +# P;i 0 NCTB 1# 0;*,&,+0 13,&+0/, 0;(#;0: 

(7)    !  !  !  !  !1 1
1 0 1 01

i

N N
inP P A J m J m A J B m J B m;

2 2# $' 2 20 1
 

(8)      !  ! !2
1 4 1 2 4CTBN N N i i N' ( 22 2 2 , 

.<&,/% 1 N , %;+#2,+ %'?0)/ '(%> +# RF .#+#30/,. 
J(0 0;13,&*#+, +# B6+.70)/# (8) 1, 61/#+%*)*#, 

2, +,>+0)/ 5#.10565 1<*$#&# 1 7,+/(#3+0) (#&0%-
2,1/%/,+ .#+#3 0 ;# N >> 1 5%@, &# 1, %$(,&,30 $% 
B%(563#/# 

(9)  !2 2

(max) 3 8 2 8 3 8CTBN N N N' 2 ( ? . 

:3,& .#/% * (6) 1, ;#5,1/)/ 0;(#;0 (5), (7) 0 (9), ;# 
0;2013)*#+, +# 50+05#3+%/% %/1/%)+0, +# CTB 

$(%&6./0 1, $%362#*# 13,&+#/# ;#*0105%1/: 

(10)  !  !  !  !  !
 !  !  !  !  !

2
1 1

2
1 0 1 0

3 3 3 3

1 0 1 0

1 3

81

N N

N N

AJ m J m A J Bm J BmC N

CTB AJ m J m A J Bm J Bm

2 2

2 2

% &
, -
, -
. /

2 2
'

2 2

. 

: $%5%?/# +# (10) 5%!#/ &# '<&#/ %$/050;0(#-
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C/CTB &# 1, $%&&<(@# +#& ;#&#&,+# 50+05#3+% 
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/<(# C/CTB (;# 899: /) , 60 dB) 0 !(#+070/, +# 
0;5,+,+0, +# 5%&63#70%++0) 0+&,.1 m. F+&,.1</ 
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$(#./0.# /%2+%1/ $% B%(563#/# [5] 
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*#+, +# ;#*0105%1//# +# %$/05#3+0) .%,B070,+/ 
+# &,3,+0, +# %$/02+#/# 5%?+%1/ A %/  $#(#5,/-
(0/, m 0 B 1, $(0,5#, 2, &*%>+0)/ $#(#3,3,+ MZ-

5%&63#/%( , 0&,#3,+, /.,. * +,!% 1, $%1/0!# $<3+% 
.%5$,+10(#+, +# $(%&6./0/, %/ +,30+,>+0 0;.(0-
*)*#+0) +# %1+%*+0) 5%&63#/%( MZM1 %/ /,;0 +# 
.%5$,+10(#?0) 5%&63#/%( MZM2. J(0 /%*# 613%-
*0, ;+#5,+#/,3)/ * 0;(#; (10) 1, +630(# 0 ;# .%,-
B070,+/# A 5%@, &# 1, ;#$04,: 
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E$;.2. 8#*$!$,-!"$ .# -'(&)&/%+& +# -'"$,#/+$% 
3-&=$1$&+" A '- .#)#)&+$ !"-@+-!"$ +# B $ m. 

G2,*0&+% ,, 2, .%3.%/% $%-!%3)5 , .%,B070,+-
/</ B, /%3.%*# $%-5#3.0 1# ;#!6'0/, +# $%3,;+# 
5%?+%1/ * 5%&63#/%(#, +% /%*# , 1<$(%*%&,+% 1 
6*,302#*#+, +# +,!%*0/, (#;5,(0, .%,/% +#3#!# $(0 
0;'%(# +# B &# 1, $%&-%@&# .%5$(%501+%. G/ $%36-
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2,+0/, (,;63/#/0 5%@, &# 1, +#$(#*0 0;*%&</, 2, * 
&%$61/050) 0+/,(*#3 +# 0;5,+,+0, +# m (%/ 0,03 &% 
0,05) %$/05#3+#/# 1/%>+%1/ +# .%,B070,+/# A .3%-
+0 .<5 0,77 ($(0 B = 1,5);  0,88 ($(0 B = 2); 0,93 

($(0 B = 2,5); 0,96 ($(0 B = 3) 0 0,97 ($(0 B = 3,5).  
"# $(%*,@&#+, +# 10563#70%++%/% 0;13,&*#+, 

+# &*%>+0) $#(#3,3,+ MZ-5%&63#/%( , 0;$%3;*#+# 
;#*0105%1/ (10), # $%362,+0/, (,;63/#/0 ;# /(0 
(#;302+0 1/%>+%1/0 +# B 1# $%.#;#+0 +# B0!.3.  

 
#) 

 
 ?) 

 
*) 

E$;.3. 8#*$!$,-!"$ +# C/CTB -" ,-)0/#1$-++$% $+)&3! 

$ 3-&=$1$&+"# A .# B = 2 (#), B = 2,5 (?) $ B = 3 (*). 

9#./% 1, *0@&# %/ B0!. 3#, .%!#/% B = 2, +#>-!%-
3)5% %/1/%)+0, +# 0+/,(5%&63#70%++0/, $(%&6./0 
%/ /(,/0 (,& 1, %10!6()*# $(0 A = 0,88 0 m = 0,047. 

:3,&*#?0/, &*, B0!6(0 $%.#;*#/, 2, ;# B = 2,5 %$-
/05#3+#/# 1/%>+%1/ +# .%,B070,+/# A 0 +# 5%&63#-

70%++0) 0+&,.1 m 1# 1<%/*,/+% 0,93 0 0,044, # ;#  
B = 3 , +,%'-%&05% &# 1, 0;',(, A = 0,96 0 m = 0,04.  

"# 1(#*+,+0, +# 1<?0/, B0!6(0 , &#&,+# 0 ;#*0-
105%1//# +# C/CTB %/ m ;# .%+*,+70%+#3,+ NZ-

5%&63#/%(. G2,*0&+% ,, 2, ;# +,!% %/1/%)+0,/% +# 
0+/,(5%&63#70%++0/, $(%&6./0 %/ /(,/0 (,& , $%-
!%3)5% %/ 60 dB, .%!#/% 1, (#'%/0 1<1 1/%>+%1/0 
+# 5%&63#70%++0) 0+&,.1, $%-5#3.0 %/ 0,01.  

G/3,6/743 89:2,; 3, 685B>/0,H/1 RF 

</=3,> 

O%3+#/# !(#+07# +# 5%&630(#?0) RF 10!+#3 1, 
%!(#+02#*# %/ 465%*#/# 5%?+%1/ +# *-%&# +# %$-
/02+0) .#+#3, # !%(+#/# 56 !(#+07# – %/ &%$61/0-
50/, +,30+,>+0 0;.(0*)*#+0). J(0 $(%,./0(#+,/% 
+# 899: 1, 0;$%3;*# /.+#(. &0+#502,+ %'-*#/ ',; 
0;.(0*)*#+0) (SFDR), 20)/% !%(+# !(#+07# 1, &,-
B0+0(# 2(,; +0*%/% +# 5%&630(#?0) RF 10!+#3, 
$(0 .%,/% 5%?+%1//# +# 1<;&#&,+0/, %/ 5%&63#/%-
(# CTB $(%&6./0 1, 0;(#*+)*#/ 1 465%*#/# 5%?-

+%1/. "# %$(,&,3)+, +# SFDR * dB 5%@, &# 1, 0;-
$%3;*# 0;(#;</ [6] 

(13)  !2 3 3 10logSFDR IIP EIN B' 2 2 , 

.<&,/% IIP3 , $(%,.70)/# +# $(,1,2+#/# /%2.# %/ 
/(,/0 (,& (IIP3) *<(-6 #'701+#/# %1 * dBm, EIN – 

,.*0*#3,+/+0)/ 465 +# %$/02+0) .#+#3 * ,&0+07# 
2,1/%/+# 3,+/# * dB/Hz, a B – 40(%20+#/# +# 
2,1/%/+#/# 3,+/# +# RF .#+#3a * Hz. 

J#(#5,/<(</ IIP3 1<%/*,/1/*# +# 5%?+%1//# +# 
5%&630(#?0) RF 10!+#3 0 , 1*<(;#+ 1 5%&63#70-
%++0) 0+&,.1 ;# /%2.#/# +# $(,102#+, %/ /(,/0 (,& 
mIIP3 1<1 ;#*0105%1//# 

(14)   !
2

33 20lg 10lg 20,07IIP

DPMZM

U
IIP m

Z

"% &
' ( (, -

. /
, 

.<&,/% 1 ZDPMZM , %;+#2,+ -#(#./,(01/02+0)/ 05-
$,&#+1 +# 5%&63#/%(#. :/%>+%1//# +# ZDPMZM ;#*0-
10 %/ -#(#./,(01/02+0) 05$,&#+1 ZMZM +# 0;$%3-
;*#+0/, * 1-,5#/# .%+*,+70%+#3+0 MZ-5%&63#/%-
(0 0 1<%/+%4,+0,/% B 5,@&6 &<3@0+0/, +# /,-+0-
/, ,3,./(%&0. =#$(05,( $(0 ZMZM = 50 P 0 #.% 1, 
0;',(,  B = 2,5, ZDPMZM = 14,3 P.  

"# &# 1, $%3620 $(,1,2+#/# /%2.# %/ /(,/0 (,&, , +,-
%'-%&05% &# 1, $%1/(%)/ ;#*0105%1/0/, +# 5%?+%1-
//# +# $%3,;+0) 10!+#3 (PFi) 0 +# CTB $(%&6./0 (PCTB), 

$%$#&+#30 * i-/0) .#+#3, %/ +0*%/% +# 5%&630(#?0) 
RF 10!+#3, (,1$. 5%&63#70%++0) 0+&,.1 m. J<(*#/# 
;#*0105%1/ 1, %$01*# 1 0;(#; (7), # */%(#/# 1, $%362#-
*# 13,& 65+%@#*#+, +# 0;(#; (5) 1 $#(#5,/<(# (NCTB)

0,5, 

%/20/#? %'1/%)/,31/*%/%, 2, CTB $(%&6./0/, * i-/0) 
.#+#3 +, 1, 1650(#/ 10+B#;+%. J%362,+0/, (,;63/#/0 
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;# 7,+/(#3+0) .#+#3 $(0 $(,+%1 +# 60 RF .#+#3# 0 0;-
$%3;*#+, +# 3#;,(,+ &0%& 1 RIN = Q165 dB/Hz 1# $%.#-
;#+0 +# B0!.4 1 $3</+# 30+0). 

 
E$;.4. <$+#,$4&+ -?2*#" +# !$;+#/$"& .# )*-&+ 

'#(#/&/&+ MZ-,-)0/#"-(. 

J(0 5#3.0 1/%>+%1/0 +# 5%&63#70%++0) 0+&,.1 
m 0;(#;0/, (5) 0 (7) 5%!#/ &# '<&#/ %$(%1/,+0, .#/% 
;# 7,3/# 1, 0;$%3;*# 0;*,1/+#/# #$(%.105#70) +# 
',1,3%*0/, B6+.700 Jn(m) R (m/2)n /(n!). S (,;63/#/ 
+# /%*# ;# 0;2013)*#+, +# +0*%/% +# $%3,;+0) 10!-
+#3 * 7,+/(#3+0) .#+#3 0 +# 165#(+#/# 5%?+%1/ +# 
0+/,(5%&63#70%++0/, $(%&6./0, $%$#&+#30 * 1<-
?0) .#+#3, 1, $%362#*#/ 13,&+0/, 6(#*+,+0):  

(15)  !1
2i in

m
P P A A B;

% & # $' 2 2, - 0 1. /
 

(16)  !
3

31 3 8
2

CTB in

m
P P A A B N

% & # $' 2 2, - 0 1. /
. 

:3,& $(,&1/#*)+, +# /,;0 0;(#;0 * 3%!#(0/50-
2,+ *0& 1, $%362#*#/ &*,/, $(#*0 30+00, $%.#;#+0 
+# B0!. 4 1 $6+./0(. A, 1, %/+#1)/ ;# 1362#), .%!#-
/% N = 60, A = 0,93 0 B = 2,5. 

L$(%.1050(#?0/, B6+.700 (15) 0 (16) $%;*%3)-
*#/ &# 1, 0;20130 3,1+% 1/%>+%1//# +# $#(#5,/<(# 
mIIP3, # 2(,; +,!% 0 &0+#502+0)/ %'-*#/ ',; 0;.(0-
*)*#+0) +# 5%&630(#?0) RF 10!+#3. :3,& $(0(#*-
+)*#+, +# &*#/# 0;(#;# ;# 0;2013)*#+, +# /<(1,+0) 
$#(#5,/<( 1, $%362#*# B%(563#/# 

(17) 
 !
 !3 3

1
2,56

1
IIP

A A B
m

N A A B

2 2
'

# $2 20 1
. 

C,@>I743/4 

=# '#;#/# +# 10+/,;0(#+0) 5#/,5#/02,1.0 5%&,3 
+# &*%,+ $#(#3,3,+ MZ-5%&63#/%( , %$(,&,3,+ (#-
'%/+0)/ (,@05, $(0 .%>/% 1, $%1/0!# 5#.105#3+% 
$%/01.#+, +# +,@,3#+0/, $(%&6./0 %/ +,30+,>+0 0;-
.(0*)*#+0). C#'%/+0/, /%2.0 +# &*#/# 0;!(#@&#?0 
!% MZ-5%&63#/%(0 1# B0.10(#+0 * .*#&(#/6(+0/, 

/%2.0, 1<%/*,/+% * – D/2 0 D/2, 1 .%,/% 1# ,3050+0(#-
+0 0+/,(5%&63#70%++0/, 0;.(0*)*#+0) %/ */%(0 
(,&. G$/050;0(#+0 1# .%,B070,+/</ +# &,3,+0, +# 
*-%&+#/# %$/02+# 5%?+%1/ 0 1<%/+%4,+0,/% 5,@&6 
&<3@0+0/, +# ,3,./(%&0/, +# &*#/# 5%&63#/%(#, $(0 
.%,/% %/1/%)+0,/% +# $%3,;+0) 10!+#3 %/ 0+/,(5%&6-
3#70%++0/, $(%&6./0 , $%*04,+% 1 $%*,2, %/ 25 dB 
1$()5% /%*# +# .%+*,+70%+#3+0) MZ-5%&63#/%(. "# 
0;'(#+0/, 1/%>+%1/0 A = 0,93 0 B = 2,5 5#.105#3+#/# 
1/%>+%1/ +# 0+&,.1# +# %$/02+# 5%&63#70), $(0 .%>-
/% 1, !#(#+/0(# C/CTB > 60 dB $(0 $(,&#*#+, +# 60 
RF .#+#3# , 4,4 %, &%.#/% $(0 .%+*,+70%+#3+0) /%> 
+, $(,*04#*# 1 %. J% %/+%4,+0, +# &0+#502+0) %'-
-*#/ 13,& $(03#!#+, +# .%5$,+1#70%++0) 5,/%& /%> 
1, (#;40()*# 1 4,9 dB. 
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