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Abstract: This paper reports the properties of an 
optical modulation scheme that uses cascaded 
external modulators.  Calculations show that 
modulation properties are improved by converting 
input signal frequency and format prior to optical 
modulation. 

I. INTRODUCTION
We recently reported that cascaded modulation offers 
better modulation properties than the conventional single 
modulation approach for multi-channel transmission 
systems [1]. In the previous paper, we applied the FM 
and RF conversion to the multi-channel signals prior to 
modulation.  

This previous paper, however, did not fully elucidate 
the effect of FM and RF conversion on the performance 
of the cascaded modulation scheme. We rectify this 
omission by calculations that compare the modulation 
properties with and without FM and RF conversion. 

II. CALCULATIONS
The calculations considered the following setups. Fig.1 
shows the schematic diagram of the optical modulator 
and modulation signal frequencies. Fig.1 (a) and (b) are 
for the test without and with FM and RF conversion, 
respectively. 

FM and RF conversion altered the frequency plan and 
signal format of the input multi-channel signals as 
follows. 

Input signals, 40 AM and 30 64-QAM CATV (from 91 
to 770MHz) signal carriers, were converted into a single 
wideband FM signal (from 0 to 6GHz) by the FM 
converter [2]-[3].  This FM converted signal was input 
to the first EA modulator with optical modulation depth 
m1 of 90%.   

Pre-emphasis was applied to signal #1 in FM 
conversion in compliance with recommendation ITU-T 
J.185 [4] to compensate the triangle noise.  Frequency 
deviation per carrier was set according to Eq. (1).  
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Here, fdeviation is the frequency deviation per carrier 
[MHz0-p/carrier], f is the carrier frequency [MHz], and Vin
is the signal voltage level input to the FM converter 
[dB V/carrier].  In the experiment, the signal voltage 
level input to the FM converter was 85dB V/carrier for 

AM signal and 75dB V/carrier for 64-QAM signal.  
Frequency deviation was 126.7MHz0-p/carrier for the 
highest frequency AM-channel carrier (373.25MHz) and 
81.9MHz0-p/carrier for the highest frequency 
64-QAM-channel carrier (770MHz). 

When FM conversion was not applied, optical 
modulation depth was set at 3.8%/carrier and 
1.2%/carrier for AM and 64-QAM signals, respectively, 
and so the total optical modulation depth m1 was set at 
25%. 

Input signals, 8 broadcast satellite (BS) and 12 
communication satellite (CS) intermediate frequency (IF) 
signal carriers (from 1030 to 2070MHz), were frequency 
converted to BS and CS radio frequency (RF) signal 
carriers (from 11.7 to 12.7 GHz) by the up-converter. 
This up-converted signal was input to the second EA 
modulator.  

For both cases, with and without RF conversion, the 
optical modulation depth was set at 7.3%/carrier and 
4.1%/carrier for BS and CS signal, respectively, so the 
total optical modulation depth m2 was set at 25%. 

Fig.2 shows the calculated electrical power level of 
output signal carrier, and second-order intermodulation 
distortion, for the test without FM and RF conversion. 
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Fig.1  Schematic diagram of the optical modulator and 
modulation signal frequencies.  LD is laser diode.

(a) CATV signal carriers and BS/CS-IF signal carriers are 
directly input to optical modulator, without FM conversion 
or RF conversion.

(b) Prior to optical modulation, input CATV signal 
carriers and BS/CS-IF signal carriers are FM converted 
and RF converted, respectively.

Signal #2Signal #1

EA Mod.LD

CATV signal carriers
(91 to 770MHz)

BS/CS-IF signal carriers 
(1030 to 2070MHz)

EA Mod.

Signal #2
(11.7 to 12.7GHz)

Signal #1

CATV signal carriers
(91 to 770MHz)

(0 to 6GHz)

BS/CS-IF signal carriers 
(1030 to 2070MHz)

EA Mod. EA Mod.

FM conversion RF conversion

LD

Fig.1  Schematic diagram of the optical modulator and 
modulation signal frequencies.  LD is laser diode.

(a) CATV signal carriers and BS/CS-IF signal carriers are 
directly input to optical modulator, without FM conversion 
or RF conversion.

(b) Prior to optical modulation, input CATV signal 
carriers and BS/CS-IF signal carriers are FM converted 
and RF converted, respectively.
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Fig.2(a) is for the electrical power level of carrier and 
intermodulation distortion. Distortion is seen in the AM, 
64-QAM, BS, and CS channels. Fig.2(b) and 2(c) plot 
the ratio of carrier to total intermodulation distortion in a 
channel. In this measurement, the noise bandwidth was 
4.2MHz for AM, 5.3MHz for 64-QAM, 28.9MHz for BS 
and CS signal. The calculated results indicate that 
unacceptable levels of distortion are created. 

Fig.3 show the calculated results of the electrical 
power level of output signal carrier, and second-order 
intermodulation distortion level, for the test with FM and 
RF conversion. Fig.3(a) shows the electrical power levels 
of FM converted signal, BS and CS signals, and 
intetrmodulation distortion. The FM converted signal 
spectrum has a wideband distribution. This makes 
distortion also wideband.  The distortion, however, is 
quite low in the FM converted signal band and the 
BS/CS signal band. 

Fig.3(b) shows the ratio of carrier to total 
intermodulation distortion in a channel. By comparing 
the calculated values of carrier to distortion ratio shown 
in Fig.2(c) and Fig.3(b), we can see that the ratio in 

Fig.3(b) is larger than that in Fig.2(c).  The difference is 
12dB at the worst values. 

The above calculation indicates that the second-order 
intermodulation distortion created by the cascaded 
modulation can be reduced by FM and RF conversion. 

III. CONCLUSIONS
FM and RF conversion is useful for reducing the 
second-order intermodulation distortion otherwise 
present in the cascaded modulation of multi-channel 
signals. 
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(a) Electrical power level of carrier and distortion.

(b) Carrier to total distortion ratio in AM/64-QAM signal 
channel.

(c) Carrier to total distortion ratio in BS/CS-IF signal 
channel.

Fig.2 Simulated power values of the output modulated 
signal and the 2nd-order intermodulation distortion, for 
the case that CATV signal carriers and BS/CS-IF 
carriers are directly input to optical modulator, without 
FM conversion or RF conversion.
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(a) Electrical power level of carrier and distortion.

(b) Carrier to total distortion ratio in AM/64-QAM signal 
channel.

(c) Carrier to total distortion ratio in BS/CS-IF signal 
channel.

Fig.2 Simulated power values of the output modulated 
signal and the 2nd-order intermodulation distortion, for 
the case that CATV signal carriers and BS/CS-IF 
carriers are directly input to optical modulator, without 
FM conversion or RF conversion.
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Fig.3 Simulated power values of the output modulated 
signal and the 2nd-order intermodulation distortion, for 
the case that CATV signal carriers are FM converted; 
BS/CS-IF carriers are RF converted and then input to 
the optical modulator.

(a) Electrical power levels of FM converted signal, 
BS/CS-RF carriers and distortions.  Resolution is 
3MHz.

(b) Carrier to total distortion ratio in BS/CS-RF signal 
channel.
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Fig.3 Simulated power values of the output modulated 
signal and the 2nd-order intermodulation distortion, for 
the case that CATV signal carriers are FM converted; 
BS/CS-IF carriers are RF converted and then input to 
the optical modulator.

(a) Electrical power levels of FM converted signal, 
BS/CS-RF carriers and distortions.  Resolution is 
3MHz.

(b) Carrier to total distortion ratio in BS/CS-RF signal 
channel.
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