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 % PARAMETERS DEFINITION 
 M = 16;                         % Size of signal constellation 
 k = log2(M);                    % Number of bits per symbol 
 points = 12500;                 % Number of points per bit 
 nsamp = 4;                      % Upsampling rate 
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 %% SIGNAL SOURCE 
 data = randint(points,1);       % Random binary data stream 
 preamble = [0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 1 0 0 0 1 0 1 0 1      
1 0 0 1 1 1 1 0 0 0 1 0 0 1 1 0 1 0 1 0 1 1 1 1 0 0 1 1 0 1 1 1 
1 0 1 1 1 1].’;           % Preamble sequence of 64 bits 
 burst = [preamble;data]; 
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%% MODULATION 
y = qammod(xsym,M); 
% Plot the transmitted constellation before adding noise and  
% filtering the signal 
scatterplot(y); title(‘QAM Scatter Plot before filtering’) 
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 %% FILTERING. Filter the I and Q signals, using  
 % raised cosine filters (RRC filters) 
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 %% Filter Definition. Define filter-related parameters. 
 Rolloff = 0.5;                % Rolloff factor of filter 
 filtorder = 80;               % Filter order 
 delay = filtorder/(nsamp*2);  % Group delay (#of input samples) 
  
 % Create a square root raised cosine filter. 
 Rrcfilter = rcosine(1,nsamp,’fir/sqrt’,rolloff,delay); 
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 %% CHANNEL. Transmit signal through an Additive White Gaussian  
 % Noise channel 
  
 EbNo = 20;                                      % Eb/No in dB 
 snr = EbNo + 10*log10(k) - 10*log10(nsamp);     % SNR in dB 
 noisy_qam = awgn(y_tx,snr,'measured'); 
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Variable Value 
Number of  points input 

binary source (burst) 
12564 (12500 data + 64 

preamble) 
Upsampling rate (nsamp 

in bits/symbol) 4 

Transmitted symbols 
(xymb) 3141 

Roll-of factor 0,5 
Filter order  

(samples of the filter) 80 

Filter delay  
(samples) 10 

Channel SNR 20 dB 
I and Q waveforms points 12644 

Waveform points 25288 
�
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Variable Value 

Sampling frequency 16 MHz 

Runtime scaling 99% 

Carrier Frequency 2,5 GHz 

Carrier Amplitude + 10 dBm 
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Variable Value 

Operating wavelength 1.550 nm (1.547 nm) 

Average Power + 4 dBm 

Modulation depth 36% (0,36) 
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Variable Value 

Wavelength range 1200 nm to 1600 nm 

Conversion gain 
(dc responsivity) 300 V/W 

input optical reflection 0.05% 

Bandwidth 
(characteristic) 

dc to 15 GHz (optical) 
dc to 11 GHz (electrical) 

Output Electrical Return Loss 
0.1 to 12 GHz (characteristic) 

12 GHz to 22 GHz 

 > 11 dB* 
> 9 dB* 
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Variable Value 

Digital Demodulator 16 QAM 
Centre frequency 2.5 GHz 

BW SPAN frequency 10 MHz (MAX) 
Range -6 dBm 

Symbol Rate 4 MHz 

Points/symbol 5 
Result length (number of symbols 

demodulated) 500 

Measurement Filter Root Raised Cosine 

Reference Filter Raised Cosine 

Filter Roll-off Factor 0,5 
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1.) Create the IQ waveform of a 16QAM 
2.) Save the waveform into the ESG/PSG Internal Arb format 

       This format is for the N5182A, E4438C, E8267C, E8267D  
        This format will not work with the ESG E443xB 

3.) Load the internal Arb format file into a MatLab array 
  
% 1.) Create IQ Signals for 16 QAM 
***************************************** 
  
% PARAMETERS DEFINITION 
M = 16;                         % Size of signal constellation 
k = log2(M);                    % Number of bits per symbol 
points = 12500;                 % Number of points per bit 
nsamp = 4;                      % Upsampling rate 
  
%% SIGNAL SOURCE 
% Create a binary data stream as a column vector, and a known  
% vector containing all the symbols of a 16QAM constellation, to  
% ensure that all the symbols will be demodulated 
data = randint(points,1);       % Random binary data stream 
preamble = [0 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 0 1 0 0 0 1 0 1 0 1 
1 0 0 1 1 1 1 0 0 0 1 0 0 1 1 0 1 0 1 0 1 1 1 1 0 0 1 1 0 1 1 1 
1 0 1 1 1 1].';           % Preamble sequence of 64 bits 
 
burst = [preamble;data]; 
  
%% BIT-TO-SYMBOL MAPPING 
% Convert the bits in burst into k-bit symbols (Gray coding) 
% A. Define a vector for mapping bits to symbols using Gray       
% coding. The vector is specific to the arrangement of points in 
% a 16-QAM constellation. 
mapping = [0 1 3 2 4 5 7 6 12 13 15 14 8 9 11 10].'; 
 
% B. Do ordinary binary-to-decimal mapping. 
xsym = bi2de(reshape(burst,k,length(burst)/k).','left-msb'); 
  
% C. Map from binary coding to Gray coding. 
xsym = mapping(xsym+1); 
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%% MODULATION 
% Modulate using 16-QAM and get the constellation values 
% Applying the qammod function to a vector of integers between 0 
% and 15 results in an output vector containing all points in  
% the 16-QAM signal constellation. 
y = qammod(xsym,M); 
 
% Plot the transmitted constellation before adding noise and  
% filtering the signal 
scatterplot(y); title('QAM Scatter Plot before filtering') 
  
% Give the I and Q components before filtering 
Iwave = real(y);   % Gives the I component of the modulated data 
Qwave = imag(y);   % Gives the Q component of the modulated data 
 
% plot the in-phase and quadrature waveforms 
% figure;plot(Iwave,':sr') 
% xlabel('time') 
% ylabel('amplitude') 
% title('I&Q plot') 
% hold on 
% plot(Qwave,'-oc') 
% hold off 
 
  
%% FILTERING. Filter the I and Q signals, using  
% raised cosine filters (RRC filters) 
 
%% Filter Definition. Define filter-related parameters. 
rolloff = 0.5;                % Rolloff factor of filter 
filtorder = 80;               % Filter order 
delay = filtorder/(nsamp*2);  % Group delay (# of input samples) 
  
% Create a square root raised cosine filter. 
rrcfilter = rcosine(1,nsamp,'fir/sqrt',rolloff,delay); 
  
% Plot impulse response. 
% figure; impz(rrcfilter,1); 
  
 
%% TRANSMITTED SIGNALS 
% Upsample and apply square root raised cosine filter to I and Q 
% waveforms 
y_tx = rcosflt(y,1,nsamp,'filter',rrcfilter); 
  
% Create eye diagram for part of filtered signal. 
% eyediagram(y_tx(1:2000),nsamp*2); 
%% CHANNEL. Transmit signal through an Additive White Gaussian  
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% Noise channel 
EbNo = 20;                                      % Eb/No in dB 
snr = EbNo + 10*log10(k) - 10*log10(nsamp);     % SNR in dB 
noisy_qam = awgn(y_tx,snr,'measured'); 
 
% Extract the I & Q waveforms that will be sent to the receiver 
Iwavetx = real(noisy_qam);  
Qwavetx = imag(noisy_qam); 
  
% figure;plot(Iwavetx,':sr') 
% xlabel('time') 
% ylabel('amplitude') 
% title('I&Q plot') 
% hold on 
% plot(Qwavetx,'-oc') 
% hold off 
 
 
% 2.) Save waveform in internal format 
************************************** 
% Convert the I and Q data into the internal arb format, which 
% is a single waveform containing interleaved IQ data. (signed  
% short integers, that is, 16 bits). 
% The data has values scaled between +-32767 where: 
%   DAC Value   Description 
%    32767      Maximum positive value of the DAC 
%        0      Zero out of the DAC 
%   -32767      Maximum negative value of the DAC 
% The internal arb expects the data bytes to be in Big Endian 
format. This is opposite of how short integers are saved on a PC 
(Little Endian).  
% For this reason the data bytes are swapped before being saved. 
  
% Interleave the IQ data 
waveform(1:2:2*12644) = Iwavetx; 
waveform(2:2:2*12644) = Qwavetx; 
 
% Normalize the data between +/- 1, watching out for divide by 
zero, and scale to use full range of the DAC 
waveform = round(waveform * (32767 / max(abs(waveform))));  
% Data is now effectively signed short integer values 
 
% PRESERVE THE BIT PATTERN but convert the waveform to 
% unsigned short integers so the bytes can be swapped. 
% Note: Can't swap the bytes of signed short integers in MatLab. 
waveform = uint16(mod(65536 + waveform,65536));   
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% If on a PC swap the bytes to Big Endian 
if strcmp( computer, 'PCWIN' )  
   waveform = bitor(bitshift(waveform,-8),bitshift(waveform,8)); 
end 
  
% Save the data to a file 
% Note: The waveform is saved as unsigned short integers.  
% However, the actual bit pattern is that of signed short  
% integers and that is how the ESG/PSG interprets them. 
filename = 'C:\Temp\noisy3_QAM_EsgTestFile'; 
 
% Open a file to write data 
[FID, message] = fopen(filename,'w');  
if FID == -1 error('Cannot Open File'); end 
fwrite(FID,waveform,'unsigned short');  % Write to the file 
fclose(FID);                            % Close the file 
  
% 3.) Load the internal Arb format file 
**************************************** 
% This process is just the reverse of saving the waveform 

% Read in waveform as unsigned short integers. 
% Swap the bytes as necessary 
% Convert to signed integers then normalize between +-1 
% De-interleave the I/Q Data 

  
% Open the file and load the internal format data    
[FID, message] = fopen(filename,'r');   % Open file to read data 
if FID == -1 error('Cannot Open File'); end 
[internalWave,n] = fread(FID, 'uint16'); % Read the IQ file  
fclose(FID);                             % Close the file 
  
% Transpose: Convert from column array to row array 
internalWave = internalWave';    
% If on a PC swap the bytes back to Little Endian 
if strcmp( computer, 'PCWIN' )  % Put the bytes into the correct 
order 
   internalWave= bitor(bitshift(internalWave,-
8),bitshift(bitand(internalWave,255),8)); 
end 
  
% convert unsigned to signed representation 
internalWave = double(internalWave); 
tmp = (internalWave > 32767.0) * 65536; 
iqWave = (internalWave - tmp) ./ 32767;  % and normalize the 
data 
  
% De-Interleave the IQ data  
IwaveIn = iqWave(1:2:n); 
QwaveIn = iqWave(2:2:n); 



�����
	
�������
����� 
����
��
������
���!��
�"���
"#
$
���
��� !�����%�!���&��'

�����

��
������
	����	��
�(��
	�������
�
�
�� � �)*+�!�* ,�����*��!*�-�

�

� -�I>�-�

�''���/<��=�	�,��!����%�%,( ���

�

23 ���)&��&���)
��	*�$������	

�

Attenuation 

[dB] 

Optical power 

(dBm) 
EVM [%rms] * SNR [dB] ** BER 

0 1,3 3,60 28,87 7,9455e-36 

1 0,4 3,60 28,86 9,4805e-36 

2 -0,5 3,60 28,86 1,1310e-35 

3 -1,5 3,60 28,85 1,1310e-35 

4 -2,5 3,61 28,85 1,1924e-35 

5 -3,5 3,61 28,85 1,2352e-35 

6 -4,5 3,61 28,84 1,2795e-35 

7 -5,5 3,61 28,84 1,4221e-35 

8 -6,5 3,61 28,83 1,5529e-35 

9 -7,5 3,62 28,82 1,9178e-35 

10 -8,5 3,62 28,82 2,0216e-35 

11 -9,6 3,62 28,81 2,1687e-35 

12 -10,6 3,63 28,80 2,7725e-35 

13 -11,6 3,64 28,77 4,6871e-35 

14 -12,6 3,64 28,77 4,6871e-35 

15 -13,6 3,65 28,75 6,6449e-35 

16 -14,6 3,73 28,56 1,6715e-33 

17 -15,6 3,76 28,49 5,3081e-33 

18 -16,6 3,80 28,40 2,2971e-32 

19 -17,6 3,89 28,20 5,2583e-31 

20 -18,6 4,25 27,43 2,6505e-26 

21 -19,6 4,68 26,59 5,0579e-22 

22 -20,6 5,22 25,64 4,2239e-18 

23 -21,6 5,74 24,82 2,5230e-15 

24 -22,6 6,82 23,32 2,1081e-11 

25 -23,6 8,24 21,68 2,1571e-8 

26 -24,6 9,56 20,39 1,0889e-6 

27 -25,6 11,67 28,65 4,8391e-5 
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28 -26,6 14,43 16,81 7,3277e-4 

29 -27,6 15,84 16,00 1,7933e-3 

30 -28,6 20,36 13,82 1,0565e-2 

�
b�&������������ � ���)�%A��cF���d���
�������� ������$���
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Attenuation 

[dB] 

Optical power 

(dBm) 
EVM [%rms] SNR [dB] BER 

0 4,6 3,68 28,68 2,2019e-34 

2 4,3 3,69 28,65 3,6961e-34 

4 3,8 3,70 28,63 5,2153e-34 

6 3,2 3,70 28,65 5,2153e-34 

8 2,3 3,69 28,65 3,6961e-34 

10 1,7 3,69 28,65 3,6961e-34 

12 0,7 3,69 28,65 3,6961e-34 

14 -0,7 3,69 28,65 3,6961e-34 

16 -2,4 3,71 28,61 7,3530e-34 

18 -4,2 3,73 28,56 1,7295e-33 

20 -6,1 3,74 28,54 2,4315e-33 

22 -8,1 3,74 28,54 2,4315e-33 

24 -10,0 3,76 28,49 5,6798e-33 

26 -12,0 3,80 28,40 2,1845e-32 

28 -14,0 3,90 28,17 8,3112e-31 

30 -15,9 4,26 27,41 3,4714e-26 

32 -17,8 4,78 26,41 3,3511e-21 

34 -19,6 5,92 24,55 1,7929e-14 

36 -21,3 8,01 21,92 9.4430e-09 

38 -23,0 12,46 18,08 1,2639e-04 

40 -24,5 19,45 14,22 8,0803e-03 

42 -25,08 21,26 13,45 1,3302e-02 

�
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Attenuation 

[dB] 

Optical power 

(dBm) 
EVM [%rms] SNR [dB] BER 

0 -14,7 3,77 28,47 7.9635e-33 

1 -15,7 3,79 28,42 1.8472e-32 

2 -16,7 3,81 28,38 3.6083e-32 

3 -17,7 4,01 27,94 2.8724e-29 

4 -18,7 4,02 27,91 3.9450e-29 

5 -19,7 4,22 27,49 1.2112e-26 

6 -20,7 4,62 26,70 1.4694e-22 

7 -21,8 5,01 26,00 1.6913e-19 

8 -22,8 5,52 25,16 2.0034e-16 

9 -23,8 6,47 23,78 1.9315e-12 

10 -24,8 7,80 22,15 3.8206e-09 

11 -25,8 9,18 20,74 4.2944e-07 

12 -26,8 11,26 18,97 2.6510e-05 

13 -27,8 13,41 17,45 3.2183e-04 

14 -28,8 15,01 16,47 1.1173e-03 

15 -29,8 20,35 13,83 1.0641e-02 
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Parameter Condition Value Units 

Forward Voltage If = 450 mA 2.13 V 

Fibre 1 If = 435 mA 15.27 mW 

Fibre 2 If = 430 mA 14.38 mW 

Fibre to Fibre Gain 

1528 nm, Pin = -25 dBm, If = 270 mA 

1550 nm, Pin = -25 dBm, If = 270 mA 

1563 nm, Pin = -25 dBm, If = 270 mA 

27.46 

23.88 

20.98 

dB 

dB 

dB 

Noise Figure 

1528 nm, Pin = -25 dBm 

1550 nm, Pin = -25 dBm 

1563 nm, Pin = -25 dBm 

6.37 

6.19 

6.20 

dB 

dB 

dB 

Saturation Output 

Power 

1528 nm, If = 270 mA 

1550 nm, If = 270 mA 

1563 nm, If = 270 mA 

12.98 

13.65 

13.71 

dBm 

dBm 

dBm 

Polarisation 

Dependent Gain 

1528 nm, Pin = -25 dBm, If = 270 mA 

1550 nm, Pin = -25 dBm, If = 270 mA 

1563 nm, Pin = -25 dBm, If = 270 mA 

0.57 

0.08 

0.61 

dB 

dB 

dB 

Gain Ripple 

1528 nm 

1550 nm 

1563 nm 

0.57 

0.06 

0.61 

dB 

dB 

dB 

3 dB Bandwidth If = 270 mA 42 nm 

Centre Wavelength If = 270 mA 1480 nm 
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ERROR: syntaxerror
OFFENDING COMMAND: --nostringval--

STACK:

/Title 
(Optical communications)
/Subject 
(D:20080610160058)
/ModDate 
()
/Keywords 
(PDFCreator Version 0.8.0)
/Creator 
(D:20080610160058)
/CreationDate 
(Rosa M“ RoldÆn)
/Author 
-mark- 


