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Methods for enhancing the dynamic range of the intensity noise technique
for high-frequency photoreceiver calibration are proposed and experimen-
tally demonstrated. These methods combine recently developed EDFA*
technology with spectral filtering techniques. The intensity noise
calibration technique is portable, easy to use, and field deployable.
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Table I
Relationship between Unpolarized Optical Field Spectrum and RIN
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The fiber-optic amplifier is a key element in modern high-data-rate communications.
Its large optical bandwidth, �4000 gigahertz, makes it effectively transparent to
data rate and format changes, allowing system upgrades without modifications to
the amplifier itself. The most prevalent fiber-optic amplifier is called the erbium-
doped fiber amplifier (EDFA). It provides amplification in the third telecommunica-
tions window centered at a wavelength of 1.55 �m. The EDFA has four essential
components, as shown in Fig. 1. These are the laser diode pump, the wavelength
division multiplexer (WDM), the erbium-doped optical fiber, and the optical isolators.
To achieve optical amplification, it is necessary to excite the erbium ions situated
in the fiber core from their ground state to a higher-energy metastable state. A
diagram of the relevant erbium ion energy states is shown in Fig. 2. The erbium
ions are excited by coupling pump light (�20 mW or greater) through the WDM
into the erbium-doped fiber. Commonly used pump wavelengths are 980 nm and
1480 nm. The ions absorb the pump light and are excited to their metastable state.
Once the ions are in this state, they return to the ground state either by stimulated
emission or, after about 10 ms, through spontaneous emission. Light to be amplified
passes through the input isolator and WDM and arrives at the excited erbium ions
distributed along the optical fiber core. Stimulated emission occurs, resulting in
additional photons that are indistinguishable from the input photons. Thus, amplifi-
cation is achieved. Optical isolators shield the amplifier from reflections that may
cause lasing or the generation of excess amplified spontaneous emissions (ASE).

Good EDFA design typically requires reduction of optical losses at the amplifier
input and minimizing optical reflections within the amplifier. EDFAs with greater
than 30-dB optical gain, more than 10-mW output power, and less than 5-dB noise
figure are readily achieved in practice.

Fig. 1. Schematic of an erbium-doped fiber amplifier showing essential optical components.
The WDM is a wavelength division multiplexer.
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Fig. 2. Relevant erbium ion energy levels.
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ASE is generated in optical amplifiers when excited ions spontaneously decay to
the ground state. The spontaneously emitted photons, if guided by the optical fiber,
will subsequently be amplified (by the excited ions) as they propagate along the
fiber. This can result in substantial ASE powers (�10 mW) at the amplifier output.
A typical spectrum of signal and ASE at the amplifier output is shown in Fig. 3.
The ASE can extend over a broad spectral range, in this case in excess of 40 nm.

Fig. 3. Spectrum of amplified spontaneous emissions (ASE) and amplified signal at the
amplifier output.

Wavelength (nm)

O
ut

pu
t S

pe
ct

ru
m

(5
 d

B/
di

v)

1520.00 1572.00

Amplified
Signal

ASE

".%� .&84� #9� 4)&� �/2&.4:*".� ���
	��/��� �'� 4)&� ���� 3/52$&� *3

0/,"2*:&%�� 4)&� ���� 7*,,� #&� 47*$&� "3� ,"2(&� '/2� ",,� 4)2&&� $"3&3�

�'� 4)&� /04*$",� 2&$&*6&2� 2&30/.3&� -&"352&-&.43� "2&� 0&2'/2-&%

*.� 4)&� ',"4� ���� 2&(*-&� �3&&� �*(�� 
��� ./� 30&$*'*$� +./7,&%(&� /'

4)&� 3/52$&� ,*.&� 3)"0&� *3� 2&15*2&%�� �/7&6&2�� *'� 4)&� 30&$42",

,*.&� 3)"0&� '/2� 4)&� ���� 3/52$&� *3� "$$52"4&,9� $)"2"$4&2*:&%�

"%%*4*/.",� -&"352&-&.4� 3&.3*4*6*49� $".� #&� /#4"*.&%� #9� 53*.(

."22/7&2� /04*$",� '*,4&23� ".%� $/22&$4*.(� '/2� 4)&� 2/,,;/''� *.� 4)&

2&30/.3&� %"4"�

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

�"���� �#����� ����%��#�� ���$�#���

�/� %&-/.342"4&� 4)&� '*,4&2&%� *.4&.3*49� ./*3&� 4&$).*15&�� -&";

352&-&.43� 7&2&� 0&2'/2-&%� "4� "� 7"6&,&.(4)� /'� ����� �-� /.� "

������ 2&$&*6&2� 7*4)� �;��:� &,&$42*$",� #".%7*%4)�� �)&� -&";

352&-&.4� 3&450� *3� 3)/7.� *.� �*(�� ��� �)&� -*22/2� "4� 4)&� &.%� /'

4)&� ����� 2&35,43� *.� 47/;0"33� ���� (&.&2"4*/.�� �)*3� %/5#,9

"-0,*'*&%� ���� *3� 4)&.� '*,4&2&%� #9� ".� /04*$",� #".%0"33� '*,4&2

7*4)� "� �;.-� 30&$42",� 7*%4)�� �,,� /04*$",� $/..&$4*/.3� 7&2&

'53*/.;30,*$&%� 4/� &,*-*."4&� /04*$",� 2&',&$4*/.3�� �)&� 02&3&.$&

/'� -5,4*0,&� /04*$",� 2&',&$4*/.3� $/5,%� *-0"24� 5.%&3*2"#,&� *.;

4&.3*49� 2*00,&� /.4/� ".� /4)&27*3&� $/.34".4� ���� 30&$425-�

7)*$)� 7/5,%� #&� %*''*$5,4� 4/� 3&0"2"4&� '2/-� 4)&� 2&$&*6&2� '2&;

15&.$9� 2&30/.3&�� �)&� #".%0"33� '*,4&2*.(� 2&35,4&%� *.� "002/8*;

-"4&,9� "� ��;%�� *-02/6&-&.4� *.� ����� �.� "6&2"(&� /04*$",

0/7&2� /'� 	��� � � 7"3� *.$*%&.4� /.4/� 4)&� 2&$&*6&2�� 4)*3� 7"3

#&,/7� *43� 3"452"4*/.� ,&6&,� /'� 
	�� � �� �3*.(� "� -/2&� $/-0,*;

$"4&%� %5",� �%;!��� /04*$",� )&4&2/%9.&� 3934&-�� -&"352&;

-&.43� "4� "� 7"6&,&.(4)� /'� ��
	� �-� 7&2&� 0&2'/2-&%� '/2� $/-;

0"2*3/.� 7*4)� 4)&� *.4&.3*49� ./*3&� 4&$).*15&�� �)&� *.4&.3*49

./*3&� 4&$).*15&� 3)/73� &8$&,,&.4� "(2&&-&.4� 7)&.� $/-0"2&%

7*4)� 4)&� 34".%"2%� )&4&2/%9.&� -&4)/%� "3� *.%*$"4&%� *.� �*(�� ��

��!��������'� 
��#�!��� ��#��"�#'� ���"�� ������ $�

�3� %*3$533&%� &"2,*&2�� '/2� "� '*8&%� "6&2"(&� /04*$",� 0/7&2�� 4)&

30/.4".&/53;30/.4".&/53� #&"4� ./*3&� *.� 4)&� 0)/4/$522&.4

30&$425-� *.$2&"3&3� "3� 4)&� /04*$",� #".%7*%4)� �/� *3� 2&%5$&%�

�)*3� *.$2&"3&� *.� 3*(.",� 342&.(4)� *3� %&3*2"#,&�� #54� *'� 4)&� /04*$",

#".%7*%4)� *3� 2&%5$&%� 4//� -5$)�� 4)&� )*();'2&15&.$9� $/.4&.4

/'� 4)&� #&"4� ./*3&� 7*,,� 34"24� 4/� 2/,,� /''�� -"+*.(� *4� 5.35*4"#,&



��� � � � � � � �'$47#4;� 	��� �'9.'66=�#%-#4&� �1740#.   Hewlett-Packard Company 1995

�	��� ��� �:2'4+/'06#.� #44#0)'/'06� (14� (4'37'0%;� 4'52105'� /'#574'/'06� 1(� #�  ���!� 2*1614'%'+8'4� 75+0)� 6*'� $#0&2#55=(+.6'4'&� +06'05+6;

01+5'� 6'%*0+37'�

SE(�)

SI (f)

Erbium-doped
Fiber

Mirror
IsolatorWavelength

Division
Multiplexer

Bandpass
Filter

Bo = 1 nm

Optical
Receiver

HP 8565E
Electrical
Spectrum
Analyzer

9 kHz to 50 GHz

Laser Diode
Pump

EDFA

Si (f)

(14� *+)*=(4'37'0%;� &'6'%614� %#.+$4#6+10�� �0� 24#%6+%'�� 6*+5

64#&'=1((� $'69''0� 5+)0#.� 564'0)6*� #0&� (4'37'0%;� %106'06� $'=

%1/'5� #� 241$.'/� 9*'0� 64;+0)� 61� %*#4#%6'4+<'� *+)*=(4'37'0%;�

.19=)#+0� 126+%#.� 4'%'+8'45�� �'%#75'� 1(� 6*'� .#4)'� +0276� 01+5'

(+)74'5� �6;2+%#..;� ��� &��� #551%+#6'&� 9+6*� *+)*=(4'37'0%;� '.'%=

64+%#.� 52'%647/� #0#.;<'45�� .#4)'� 8#.7'5� 1(� 2*161%744'06� $'#6

01+5'� #4'� 4'37+4'&�

!*'� 2'4+1&+%#..;� (+.6'4'&� +06'05+6;� 01+5'� 6'%*0+37'� 51.8'5� 6*+5

64#&'=1((� 241$.'/� $;� #..19+0)� 6*'� /#)0+67&'� 1(� 6*'� $'#6

�	��� ��� �'#574'/'06� 1(� #�  ���!� 4'%'+8'4� (4'37'0%;� 4'52105'� 75+0)

�#�� #� 	��
=�/� �&="��� 126+%#.� *'6'41&;0'� 5;56'/� #0&� �$�� 6*'� 	�=�/

(+.6'4'&� +06'05+6;� 01+5'� 6'%*0+37'�

0 1 2 3
0

R(
f) 

 (l
in

ea
r)

Heterodyne 1.32 �m

0

R(
f) 

 (l
in

ea
r)

(b)

Intensity Noise 1.55 �m

0 1 2 3
Frequency (GHz)

Frequency (GHz)
(a)

01+5'� 61� $'� +0%4'#5'&� 9+6*176� .155� 1(� +65� *+)*=(4'37'0%;� %10=

6'06��� !*+5� +5� #%%1/2.+5*'&� $;� 2#55+0)� 6*'� #/2.+(+'&� 52106#=

0'175� '/+55+10� 6*417)*� #� �#$4;=�'416� (+.6'4� #0&� 6*'0� 10� 61

6*'� *+)*=(4'37'0%;� 126+%#.� 4'%'+8'4�� !*+5� 4'&7%'5� 6*'� #8'4#)'

126+%#.� 219'4� 9*+.'� /#+06#+0+0)� 6*'� /#)0+67&'� 1(� 6*'� 5210=

6#0'175=52106#0'175� $'#6� 01+5'� #6� 2'4+1&+%� (4'37'0%+'5

52#%'&� #6� +06'48#.5� '37#.� 61� 6*'� (4''� 52'%64#.� 4#0)'� 1(� 6*'

(+.6'4�� !*'� 4'57.6� +5� #0� +0%4'#5'� +0� ���� #6� 2'4+1&+%#..;� 52#%'&

$'#6� (4'37'0%+'5�� �(� 0''&'&�� 126+%#.� #/2.+(+%#6+10� %#0� 6*'0

$'� 75'&� 61� $1156� 6*'� #8'4#)'� 126+%#.� 219'4� 61� #� 8#.7'� ,756

70&'4� 6*'� 5#674#6+10� .'8'.� (14� 6*'� 4'%'+8'4�

�'6#+.5� 1(� 6*'� 2'4+1&+%#..;� (+.6'4'&� 6'%*0+37'� #4'� 5*190� +0

�+)�� ��� �+)�� �#� 5*195� 6*'� � �� (41/� #� 5174%'� 57%*� #5� #0�

'4$+7/=&12'&� (+$'4� #/2.+(+'4� 2#55+0)� 6*417)*� #� �#$4;=�'416

(+.6'4� #0&� 10� 61� 6*'� 6'56� 126+%#.� 4'%'+8'4�� !*'� 64#05/+55+10

%*#4#%6'4+56+%5� 1(� 6*'� �#$4;=�'416� (+.6'4� #4'� &'6'4/+0'&� $;� +65

(4''� 52'%64#.� 4#0)'�� � ��� #0&� +65� (+0'55'�� ��� � �� +5� 6*'� (4'=

37'0%;� 5'2#4#6+10� 1(� 6*'� 64#05/+55+10� /#:+/#� #0&� �� +5� 6*'

4#6+1� 1(� 6*'� � �� 61� 6*'� 9+&6*� 1(� 6*'� 64#05/+55+10� /#:+/#�

�41/� #� 5+)0#.� 241%'55+0)� 21+06� 1(� 8+'9�� 6*'� �#$4;=�'416� (+.6'4

*#5� #� (4'37'0%;=&1/#+0� 64#05('4� (70%6+10� (14� 6*'� 126+%#.� (+'.&

)+8'0� $;� ������ !*'� 537#4'&� /#)0+67&'� 1(� 6*+5� 64#05('4� (70%=

6+10� +5� +..7564#6'&� +0� �+)�� �$�� �14� 6*'� +&'#.� %#5'�� 6*'� 64#05/+5=

5+10� 6*417)*� 6*'� (+.6'4� 917.&� $'� 70+6;� #6� (4'37'0%+'5� 5'2#=

4#6'&� $;� 6*'� � ��� �(6'4� 2#55+0)� 6*417)*� 6*'� (+.6'4�� 6*'� 219'4

52'%64#.� &'05+6;� 1(� 6*'� +0276� 126+%#.� (+'.&�  ����� 9+..� $'� 64#05=

(14/'&� 61� ������
 ������ �+)�� �%� 5*195� 6*'� (+.6'4'&� 52'%647/�

9*+%*� +5� +0%+&'06� 10� 6*'� 126+%#.� 4'%'+8'4��  6410)� $'#6� 5+)0#.5

1%%74� +0� 6*'� +06'05+6;� 5'2#4#6'&� $;� (4'37'0%;� +06'48#.5� '37#.

61� 6*'� � �� 1(� 6*'� �#$4;=�'416� (+.6'4�� �5� &'5%4+$'&� '#4.+'4� +0

'37#6+10� 	�� 6*'� 219'4� 52'%64#.� &'05+6;� (14� 6*'� 126+%#.� +06'05+6;

 ��(�� %#0� $'� 1$6#+0'&� (41/� #0� #761%144'.#6+10� 1(� 6*'� +0276

'.'%64+%� (+'.&� 52'%647/�

 ��(�� � � �

1δ�(�� �� ������
 ����� � � ������
 ����� ��

!*+5� ':24'55+10� +5� 8#.+&� (14� 7021.#4+<'&� #/2.+(+'&� 52106#=

0'175� '/+55+10� �5''� '37#6+10� 	��� !*'� 4'57.6� 1(� '37#6+10� � +5

+..7564#6'&� +0� �+)�� �&�� �06'05+6;� 01+5'� 2'#-5� #4'� '8+&'06� #6

(4'37'0%;� .1%#6+105� 5'2#4#6'&� $;� 6*'� � �� 1(� 6*'� �#$4;=�'416

(+.6'4�� �'.#6+8'� 61� 6*'� &%� 5+)0#.�� 6*'5'� 2'#-5� #4'� #� (#%614� 1(

���� .#4)'4� 6*#0� 6*'� 70(+.6'4'&� %#5'� 5*190� +0� �+)�� 
%�� �14� #

6;2+%#.� (+0'55'� 1(� �� �� 	���� 6*+5� %144'5210&5� 61� #0� +0%4'#5'� +0

5+)0#.=61=01+5'� 4#6+1� 1(� #$176� 	� &�� (14� 2*161&+1&'� %*#4#%6'4=

+<#6+10�� !*'� 2'0#.6;� (14� 6*'� +0%4'#5'&�  ��� +5� 6*#6� $'#6� 5+)0#.5

10.;� 1%%74� #6� 52'%+(+%� (4'37'0%+'5�� !*+5� %10564#+06� +5� 016� 8'4;

5'8'4'� $'%#75'� 6*+5� (4'37'0%;� 52#%+0)� %#0� $'� 5'6� 61� #0;



  Hewlett-Packard Company 1995 �%"14!18� ����� �%6+%33;�!#*!1$� �.41-!+� � � � � � � ��

	���� �� � �!�� �+.#*� $)!'1!,� )++4231!3)-'� 3(%� /%1).$)#!++8� &)+3%1%$� )-3%-;

2)38� -.)2%� #!+)"1!3).-� 3%#(-)04%�� �"��  1!-2&%1� &4-#3).-� .&� 3(%� �!"18;

�%1.3� &)+3%1�� �#�� �/3)#!+� &)%+$� 2/%#314,� )-#)$%-3� !3� 3(%� /(.3.1%#%)5%1�

�$�� �(.3.#411%-3� 2/%#314,� !2� ,%!241%$� .-� !-� %+%#31)#!+� 2/%#314,

!-!+89%1�

�

Po
Bo

I
S

(f)

Frequency f
0

Po
w

er
 S

pe
ct

ra
l D

en
si

ty
 

H(�) 2SE(�)� H(�) 2SE(�)

2

Po � (f)2

�

Po
Bo

2

ES
H(
�

)
2

(�
)

ASE

Bo

SE (�)

SI (f)
Si (f)�
R(f)
2SI (f)

�o

Bo

Frequency �

(a)

Fi
lte

re
d 

Sp
ec

tru
m

(c)

(d)

Fabry-Perot
Filter

H (�)


H(�)
2SE (�)

H(
�

)
2

Fi
lte

r T
ra

ns
fe

r F
un

ct
io

n

(b)

�o

FSR

Frequency �

1

F
�

Bo

$%2)1%$� 5!+4%� "8� /1./%1� #(.)#%� .&� 3(%� &)+3%1� ����� �2� $%;

2#1)"%$� %!1+)%1�� 3(%� ./3)#!+� 1%#%)5%1� &1%04%-#8� 1%2/.-2%� #!-

"%� ."3!)-%$� 42)-'� %04!3).-� 	�� 6()#(� 1%+!3%2� 3(%� ./3)#!+� )-;

3%-2)38� 2/%#314,� 3.� 3(%� /(.3.#411%-3� 2/%#314,� ,%!241%$

42)-'� !-� %+%#31)#!+� 2/%#314,� !-!+89%1�� �224,)-'� !-� ./3)#!+

"!-$6)$3(� �.� ,4#(� +!1'%1� 3(!-� 3(%� &1%04%-#8� 1%2/.-2%� .&

3(%� ./3)#!+� 1%#%)5%1�� 3(%� /(.3.#411%-3� /.6%1� 2/%#314,� )2

')5%-� "8�

�)�&�� :��&�:
	
���&�� :��&�:

	 �	.
�.
�

�
�
	

*

�

�� �&�*���
��
�

	

6(%1%� ��� )2� 3(%� 2/%#31!+� 6)$3(� .&� 3(%� �!"18;�%1.3� &)+3%1� !-$� )2

')5%-� "8� ��� �� �������  ()2� 1%24+3� )++4231!3%2� 3(!3� 3(%� ,!'-)34$%

.&� 3(%� /(.3.#411%-3� "%!3� 2)'-!+� #!-� "%� )-#1%!2%$� 1%+!3)5%� 3.� !

&)7%$� !5%1!'%� #411%-3� 6)3(.43� 2!#1)&)#)-'� )32� ()'(;&1%04%-#8

#.-3%-3�

�!���������� 
�������"� ������ ����������

������ ��������� ���� ����� ��������

 .� $%,.-231!3%� 3(%� !".5%� 1%24+3�� 3(%� !11!-'%,%-3� )++4231!3%$

)-� �)'�� � 6!2� 42%$��  (%� ���� ."3!)-%$� &1.,� 3(%� 36.;/!22

����� 24/%1&+4.1%2#%-3� 2.41#%� '%-%1!3%$� !-� ./3)#!+� 2)'-!+

6)3(� !� 2/%#31!+� 6)$3(� .&� !".43� 
�� -,� #%-3%1%$� !3� ����� �,�

 ()2� ���� 3(%-� /!22%$� 3(1.4'(� !-� ./3)#!+� )2.+!3.1�� 6()#(� /1%;

5%-3%$� 3(%� 36.;/!22� 24/%1&+4.1%2#%-3� 2.41#%� &1.,� "%#.,)-'

!� +!2%1��  (%� .43/43� .&� 3(%� )2.+!3.1� 6!2� 3(%-� 2%-3� 3(1.4'(� !

2)-'+%;,.$%� &)"%1� �!"18;�%1.3� &)+3%1� 6)3(� &)-%22%� �� �� ��� !-$

&1%%� 2/%#31!+� 1!-'%� ���� �� ���� ��9��  .� "..23� 3(%� !5%1!'%

/.6%1�� 3(%� &)+3%1� .43/43� 6!2� ./3)#!++8� !,/+)&)%$� "8� !� &)-!+

����� /.23!,/+)&)%1�� �5%1!'%� .43/43� /.6%12� .&� 2%5%1!+� ,)++);

6!332� #!-� "%� ."3!)-%$� 42)-'� 3()2� !11!-'%,%-3�� �42).-� 2/+)#%2

"%36%%-� 3(%� 24/%1&+4.1%2#%-3� 2.41#%�� 3(%� &)+3%1� !-$� 3(%� /.23;

!,/+)&)%1� 6%1%� 42%$� 3.� ,)-),)9%� 1%&+%#3).-2��  ()2� )2� ),/.13!-3

"%#!42%� ,4+3)/+%� 1%&+%#3).-2� 6)++� !$$� !,/+)34$%� 1)//+%� 3.� 3(%

)-3%-2)38� /.6%1� 2/%#314,��  (%� /(.3.1%#%)5%1� #.-2)23%$� .&� !

()'(;2/%%$� �
;�,;$)!,%3%1�� �-�!�2� /;);-� /(.3.$).$%� &.+;

+.6%$� "8� !� 31!5%+)-'� 6!5%� �!�2� ,)#1.6!5%� !,/+)&)%1�� �

��;��9� %+%#31)#!+� 2/%#314,� !-!+89%1� ���� ������� $)2/+!8%$

3(%� /(.3.#411%-3� /.6%1� 2/%#314,�

�.1� #.,/!1)2.-� /41/.2%2�� 3(1%%� $)&&%1%-3� 3%#(-)04%2� 6%1%

42%$� 3.� ,%!241%� 3(%� &1%04%-#8� 1%2/.-2%� .&� 3(%� /(.3.1%#%)5%1�

 (%� 1%24+32� .&� 3(%2%� 3(1%%� ,%!241%,%-32� !1%� 2(.6-� )-� �)'�� ��

 (%� #415%� +!"%+%$� �� 6!2� ."3!)-%$� 42)-'� 4-&)+3%1%$� ����� �.1

	���� ��� �7/%1),%-3!+� 2%34/� 42%$� 3.� $%,.-231!3%� 3(%� /%1).$)#!++8� &)+3%1%$� )-3%-2)38� -.)2%� 3%#(-)04%�

Er3+
Mirror

Isolator

0.98-�m
Pump

HP 8565E
Electrical
Spectrum
Analyzer

9 kHz to 50 GHz

EDFA

WDM

Isolator

WDM

Isolator

Optical
Receiver

Fiber Fabry-
Perot Filter

Periodically Filtered Intensity Noise Source

Er3+

0.98-�m
Pump

EDFA

WDM=Wavelength Division Multiplexer



��� � � � � � � �-*:=):A� 	��� �-?4-<<D!)+3):,� �7=:6)4   Hewlett-Packard Company 1995

����� ��� �:-9=-6+A� :-;876;-� 5-)D

;=:-5-6<;� 7.� )� 01/0D.:-9=-6+A

78<1+)4� :-+-1>-:� =;16/� <0:--� <-+0D

619=-;�� %0-� 16<-6;1<A� 671;-� +=:>-;

?-:-� 5-);=:-,� )<� 	�� �5� )6,

<0-� 0-<-:7,A6-� 5-);=:-5-6<� ?);

5),-� )<� 	��
� �5�

5 10 15 20 25 30 35

A

C

B

Frequency (GHz)

S i
(f)

 (1
0 

dB
/d

iv
)

(A) Unfiltered ASE
(B) Periodically Filtered ASE
(C) Heterodyne

+=:>-� ��� <0-� 8-:17,1+)44A� .14<-:-,� �$�� 7=<8=<� ?);� =;-,�� %0-

)>-:)/-� 78<1+)4� 87?-:;� ?-:-� 0-4,� +76;<)6<� )6,� -9=)4� .7:

+=:>-;� �� )6,� ��� �=:>-� �� ?);� /-6-:)<-,� =;16/� )6� 78<1+)4

0-<-:7,A6-� <-+0619=-�� �=:>-;� �� )6,� �� -@8-:15-6<)44A� ,-5D

76;<:)<-� )6� $�#� -60)6+-5-6<� 7.� )88:7@15)<-4A� 	�� ,�� *-D

<?--6� <0-� .14<-:-,� )6,� =6.14<-:-,� 16<-6;1<A� 671;-� <-+0619=-;�

�758):1;76� *-<?--6� <0-� 0-<-:7,A6-� <-+0619=-� )6,� <0-� <?7

16<-6;1<A� 671;-� <-+0619=-;� ;07?;� >-:A� /77,� )/:--5-6<�� 144=;D

<:)<16/� <0-� .4)<� 16<-6;1<A� 671;-� ;8-+<:=5� 7*<)16-,� .:75� <0-

����� 671;-� ;7=:+-�

����������

%0-� =;-� 7.� )� *:7),*)6,� 16<-6;1<A� 671;-� ;7=:+-� .7:� 01/0D

.:-9=-6+A� ,-<-+<7:� +)41*:)<176� 0);� ;->-:)4� ),>)6<)/-;� 7>-:

7<0-:� .:-9=-6+AD,75)16� <-+0619=-;��  6-� 1587:<)6<� ),>)6<)/-

1;� <0)<� +)41*:)<176� 7.� <0-� .:-9=-6+A� :-;876;-� 7.� <0-� 78<1+)4

;7=:+-� 1;� 67<� 6-+-;;):A� ;16+-� 1<� +)6� *-� 5),-� .4)<� *A� +077;16/

<0-� �$�� ;8-+<:)4� ?1,<0� <7� *-� 5=+0� 4):/-:� <0)6� <0-� .:-9=-6+A

:-;876;-� 7.� <0-� 807<7,-<-+<7:�� %01;� 1;� 67<� <0-� +);-� .7:� 7<0-:

.:-9=-6+AD,75)16� <-+0619=-;�� �7:� -@)584-�� ;16=;71,)4� 16<-6D

;1<A� 57,=4)<176� 7.� )6� 78<1+)4� ;7=:+-� =;16/� )� �1�* �� 57,=4)D

<7:� :-9=1:-;� +):-.=4� +)41*:)<176� 7.� <0-� .:-9=-6+A� :-;876;-� 7.

<0-� 57,=4)<7:�� ?01+0� *-+75-;� 16+:-);16/4A� ,1..1+=4<� )<� 01/0

.:-9=-6+1-;�� �6A� -::7:;� 16� <01;� +)41*:)<176� ):-� 8);;-,� 76� <7

<0-� ,-<-+<7:�;� .:-9=-6+A� :-;876;-�

�758):-,� ?1<0� 0-<-:7,A6-� <-+0619=-;�� <0-� 16<-6;1<A� <-+0D

619=-� 1;� :=//-,� )6,� .1-4,� ,-847A)*4-� )6,� ,7-;� 67<� :-9=1:-

;<)*4-� 874):1B)<176� )41/65-6<�� $16+-� <0-� 16<-6;1<A� 671;-� 1;

8:-;-6<� )<� )44� .:-9=-6+1-;�� 1<� )447?;� :)81,� 5-);=:-5-6<;�

�,,1<176)44A�� <0-� 476/� +70-:-6+-� 4-6/<0� 7.� 4);-:� ;7=:+-;� 16

<0-� 8:-;-6+-� 7.� 78<1+)4� :-.4-+<176;� 5)3-;� <0-� 0-<-:7,A6-

5-);=:-5-6<� 57:-� ;=;+-8<1*4-� <7� -6>1:765-6<)4� -..-+<;�

%0-� 16<-6;1<A� 671;-� 5-<07,� )4;7� 0);� ),>)6<)/-;� +758):-,� <7

<15-D,75)16� 158=4;-� 5-);=:-5-6<� 5-<07,;�� �7:� 01/0D.:-D

9=-6+A� 5-);=:-5-6<;�� <0-� -..-+<;� 7.� <0-� 7;+1447;+78-� 5=;<� *-

,-+76>74>-,� .:75� <0-� 5-);=:-5-6<� *-.7:-� )6� )++=:)<-� +)41D

*:)<176� +)6� *-� 7*<)16-,�� %01;� +)6� 7.<-6� *-� ):,=7=;� ;16+-

)++=:)<-� 158=4;-� :-;876;-;� .7:� 01/0D.:-9=-6+A� 7;+1447;+78-;

):-� ,1..1+=4<� <7� 7*<)16�� %0-� ),>)6<)/-� 7.� 67<� :-9=1:16/� +):-.=4

;7=:+-� +)41*:)<176� .7:� <0-� 16<-6;1<A� 671;-� <-+0619=-� 1;� )6� 15D

87:<)6<� +76;1,-:)<176� 16� ,->-47816/� )� 87:<)*4-�� 47?D+7;<�

=;-:D.:1-6,4A� +)41*:)<176� <-+0619=-�


������

�6� <01;� 8)8-:� ?-� 0)>-� 8:787;-,� )6,� -@8-:15-6<)44A� ,-576D

;<:)<-,� 5-<07,;� .7:� -60)6+16/� <0-� ,A6)51+� :)6/-� 7.� <0-

16<-6;1<A� 671;-� <-+0619=-� .7:� 01/0D.:-9=-6+A� 807<7:-+-1>-:

+)41*:)<176�� �A� +75*1616/� :-+-6<4A� ,->-478-,� ����� <-+0674D

7/A� ?1<0� ;8-+<:)4� .14<-:16/� <-+0619=-;�� ?-� 0)>-� ;07?6� <0)<

<0-� 5)/61<=,-� 7.� 16<-6;1<A� *-)<� 671;-� +)6� *-� 16+:-);-,� <7

>)4=-;� 8:)+<1+)4� .7:� =6)5841.1-,� 807<7,17,-� +)41*:)<176�

&;16/� <0-� 8-:17,1+)44A� .14<-:-,� <-+0619=-�� #��� >)4=-;� 4):/-:

<0)6� �	��� ,���B� +)6� *-� )+01->-,� 7>-:� )� .:-9=-6+A� :)6/-� 16

-@+-;;� 7.� 	��� ��B�� %0-� 16<-6;1<A� 671;-� +)41*:)<176� <-+0619=-

0);� <0-� 87<-6<1)4� .7:� *-+7516/� )� 87:<)*4-�� -);A� <7� =;-�� .1-4,

,-847A)*4-� +)41*:)<176� 5-<07,�

��������������

�13-� �+�4-6,76� )6,� �0:1;� �),,-6� 8-:.7:5-,� <0-� 78<1+)4

0-<-:7,A6-� 5-);=:-5-6<;� )6,� �70)55),� $0)37=:1� 8:7D

>1,-,� <0-� ��D��B� 807<7:-+-1>-:�� $<->-� �-?<76� 8:7>1,-,

1587:<)6<� ;=887:<� .7:� <01;� 8:72-+<�

	���������

	�� ����� �+"=)<-�� ��(�� �0)6/�� )6,� ����� �),,-6�� C�)41*:)<176� 7.� �1/0<D

?)>-� �-<-+<7:;� <7� �� ��B��� �������
��
��� �����
�� � '74�� ���� 67�� 	�

�-*:=):A� 	����� 88�� ��D�	�


�� $�� �)?)61;01�� ��� %)3),)�� )6,� ��� $):=?)<):1�� C(1,-*)6,� �:-9=-6+AD

#-;876;-� �-);=:-5-6<� 7.�  8<1+)4� #-+-1>-:;� &;16/�  8<1+)4� �-<-:7D

,A6-� �-<-+<176��� �����
�� ��� ������
�� 	��������� � '74�� ��� 67�� 	�

	����� 88�� �
D���

��� ��� �1+0-6�� ��� $+04).-:�� (�� #1,-7=<�� )6,� ��� �+�)*-�� C(1,-D�)6,D

?1,<0� #-+-1>-:�!07<7,-<-+<7:� �:-9=-6+A� #-;876;-� �-);=:-5-6<;

&;16/� �5841.1-,� $876<)6-7=;� �51;;176� .:75� )� $-51+76,=+<7:�  8<1D

+)4� �5841.1-:��� �����
�� ��� ������
�� 	��������� � '74�� ��� 67�� ��� 	����

88�� �	
D�	��

��� ����� �)6-A�� (�'�� $7:16�� )6,� $���� �-?<76�� C�1/0D�:-9=-6+A� !07<7D

,17,-� �0):)+<-:1B)<176� &;16/� )� �14<-:-,� �6<-6;1<A� �71;-� %-+0619=-��

����� ���������� 	��������� ������ � '74�� ��� 67�� 	���  +<7*-:� 	����� 88�

	
�D	
���


