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1 Introduction
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A� semiconductor device is

integrated circuit, which is a

high purity monocrystalline 

external influences it is enc

electrical connection is prov
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The fabrication of semicond

(FA). It has become an in

improvement of current on

Different nondestructive a

radiography, scanning acou

beam technology and wet 

defects.  

 

To enable the optical inspec

wires the epoxy molding com

inorganic acids. A detailed o

Preparation artifacts such a

can’t be avoided. 

Introduction 

1 

duction 

e is a small electronic component, such as

 is available in a discrete form. The mostly used

line silicon in form of a thin wafer. To protect t

 encapsulated in thermosetting epoxy molding

rovided by leads. A schematic construction is giv

ematic construction of a surface mounted device. 

onductor devices is closely linked with the field 

n inevitable task for the development of ne

t ones, product qualification support but also c

e and destructive analysis techniques, ran

coustic microscopy and electrical measuremen

wet chemical preparation, are applied to loca

spection or scanning-electron microscopy of th

g compound in the area above the die is etch-op

ed outline of all important device components is

ch as discolorations and corrosion of the met

 

h as a transistor or 

 used base material is 

ect the device against 

ding compounds. The 

is given in figure 1. 

 

 

ield of failure analysis 

f new products, the 

lso customer returns. 

ranging from x-ray 

ments to focused ion 

localize and identify 

f the die surface and 

opened with strong 

ts is given in figure 2. 

metallic components 
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Table 1: Comparison of different filler systems used for epoxy molding compound formulations 

[1]. 

filler system 
fused        

SiO22 

crystalline  

SiO22 
Al2O3 

SiO2 coated 

AlN 
BN Si3N4 

crystal system amorphous hexagonal hexagonal hexagonal hexagonal hexagonal 

specific gravity [-] 2,21 2,65 3,98 3,26 1,9 3,18 

thermal cond. 

[W/m.K] 
1 10 31 195 54 26 

thermal expansion 

[ppm/m.K] 
0,5 14 7,9 4,4 40 3,5 

hardness Hv [GPa] 6 10 20 12 <3 15 

dielectric constant at 

1 MHz 
3,8 3,8-5,4 8,9 8,8 4,1 8 

shape factor spherical regular spherical regular platelet regular 

ion impurity good good good medium bad bad 

hydrolytic stability high high very high medium medium very low 

 

 

 

����� Resins 

 

The most popular resins which are used in the semiconductor industry for molding 

compound formulations are epoxy resins (ERs). They consist of oligomeric or polymeric 

segments which incorporate more than one three-membered ring called the epoxy group. 

The second reactive functional group of an ER is the hydroxyl moiety. To achieve a 

densely cross-linked, thermosetting polymer network during the curing reaction, the 

quantity of functional epoxy groups has to be assured in a sufficient degree. Because ERs 

with miscellaneous backbone structures (see figure 3), reaching form aliphatic, 

cycloaliphatic to aromatic entities, are utilized for fabrication of EMCs, they can be 

classified according to their type of scaffold. [2] Common ERs include: 
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 of copper (Cu) for construction of components o

lead frames, has become more and more pop

ages in comparison with conventionally applie

 low resistivity, higher mechanical strength an

d because the formation of intermetallic phase

on to Al and Au [14]. But Cu is severely attacke

rated sulfuric acid has to be added in large quan

ecreased to a maximum temperature of 45°C.  

Acid Decapsulation 

nual etching methods automated jet etching sys

[15]. The semiconductor package lies upside d

ze in the dimension of the die and is fixed onto a

h injects acid mixtures of nitric and sulfuric ac

aste acid and debris are drained through later

 controlled acid attack the surfaces are in a 

 to manual decapped ones. The process itself c

, volume and flow rate. Furthermore operating 

a big effect on the result. 

matic illustration of an automatic decapulation syste

 

nts of the devices, like 

 popular [12, 13]. Cu 

plied metals (Al, Au) 

h and hardness [12]. 

ases between Al and 

cked by fuming nitric 

uantities and process 

 

systems, e.g. Nisene 

ide down on a gasket 

nto a block. This block 

c acid to dissolve the 

ateral boreholes (see 

n a clean and better 

elf can be influenced 

ting temperature and 

ystem [15]. 
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4.1 Devices 
 

A se���������	
��e�e���	�vice

taken to ensure that the s

spectrum of characteristics. 

 

• type of epoxy moldin

• package design 

• process group 

• wiring 

 

All used devices were initial

tests or other applications

evaluation of the experimen

caused corrosion of meta

encapsulant, distorting rele

selection and in table 4 and 

 

 Figure 10: Front and back side
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evice types was chosen for each solvolysis expe

he specimens differed in various features to 

tics. Primarily it was focused on: 

lding compound 

itial ones, meaning that they had not been expo

ions before. This is a very important factor 

mental results because prior treatments of the d

etallic components or embrittlement of th

relevant results. Figure 10 shows a microgra

and 5 more information about the specimens can

  

side of the selected test devices. 

 

experiment. Care was 

 to represent a wide 

exposed to any stress 

tor for the accurate 

he devices could have 

f the semiconductor 

graph of the device 

s can be gained.  
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���� �he experimental runs 5 g IMI were dissolved in 45 mL solvent, resulting in an IMI-

concentration of 1,6 mol/L. An initial pressure of 40 bar was chosen to achieve about 70 

bar at 523 K. Dwell time was kept at 10 hours. 

 

The EMCs of all devices became very soft after sample treatment with mixtures of IMI 

with BAL or ANI and could easily be stripped off.  

 

IMI/DETA was a really bad combination because the packages remained very hard and 

were difficult to decapsulate.  

 

DMF, IND and NMP runs had serious repercussions on device no. 9. Some parts of the pad 

metallization were damaged and crumbled away. An insight into the underlying layers 

was provided (see figure 18). Evaluation of the metallization was impossible. This 

phenomenon might be related to copper wire bonding. Samples, in which aluminum or 

gold wires were bonded on aluminum pads, stayed unharmed. 

 

 

Figure 18: Reflected-light micrograph of device no. 9 after treatment with a mixture of IMI and 

NMP. The aluminum metallization has been damaged and the polyimide layer has been removed 

for the most part. 
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Mixtures of IMI with DETA, DMF or NMP affected the polyimide layer of device no. 4 and 

5 (chip technology DOPL_6). A thick black layer was formed, which could only be partially 

thinned after treatment with ethylenediamine for 4 h at 360 K (see figure 19). To get an 

idea of how severe this layer was modified during the reaction it has to be mentioned 

that the complete removal of polyimide layer usually needs just a few minutes. 

 

 

 

Figure 19: Left: Reflected-light micrograph of device no. 5 after aminolysis using IMI and DMF. 

Right: Same device after post-treatment with ethylenediamine. 

 

 

The most surprising result of this series was that copper metallizations were attacked. 

This is the exact opposite of what has been expected. Copper surfaces were extensively 

discolored and oxidized. Especially the corners and edges appeared bluish due to thermal 

recrystallization processes of the microstructure (see figure 20, (I) and (II)).  

Aluminum metallizations showed controversial results. Some of them were in a really 

good condition (see figure 20, (III) and (IV)). Indeed, IMI mixtures left obvious marks on 

some surfaces. The results for all IMI runs are summarized in figure 21. 
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combination MeOH/IMI (5g IMI dissolved in 95 mL H2O). The results of the methanol runs 

were not satisfactory. 

 

 

����3� ���	
���

 

The combinations of acetone (ACE) with DEA (75:25 mL) and IMI (5g IMI dissolved in 95 

mL ACE) showed better results. Although the EMCs weren’t swollen they could be easier 

removed. In the case of ACE/IMI the polyimide layer turned black and was completely 

preserved (see figure 22). The die metallizations were in a better condition in comparison 

with water or methanol. It can be inferred that protic solvents are too aggressive for the 

decapsulation of semiconductor devices, but the aprotic ACE could be applied to direct 

the solubility behavior of the polyimide layer.   

 

 

 

Figure 22: reflected-light micrographs of device no. 4 and 5 after decapsulation using a mixture of 

ACE and IMI. The polyimide layer was modified and remained on the die surface. 

 

For this reason also combinations of ACE with ANI, BAL, DETA and NMP (75:25 mL) were 

tested. The presumptions that ACE can help to preserve the polyimide layer were 

confirmed (see figure 23). The results are summarized in figure 24. 
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T�����xt experimental runs were performed with surfactants to check if their addition to 

the reaction media is able to enhance solvolysis reactions of EMCs (compare with section 

3.2.5). 

 

 

����1� ��di���Dod�cyl���lfat��

 

Sodium dodecyl sulfate (SDS) is an anionic surfactant which consists of a twelve-

membered hydrophobic carbon chain attached to a hydrophilic sulfate group (see figure 

25). With a HLB (hydrophilic lipophilic balance) value of 40 [59], its total HSP value of 29,7 

MPa
1/2

 is calculated using equation 2.16. SDS was chosen due to its thermal stability.  

 

 

Figure 25: Chemical structure of sodium dodecyl sulfate. 

 

 

For the experimental runs 1 g of SDS was dissolved in 50 mL of the selected solvent, 

resulting in a concentration of 69 mmol. Reaction temperature was kept at 523 K and 

dwell time at 10 hours. An initial pressure of 40 bar was applied to the Parr pressure 

vessel. 

 

The combination of SDS with ANI, BAL, IND and NMP showed the same outcome: all 

packages were opened effortlessly. SDS had a very positive influence on the convenience 

of the decapsulation procedure. The reaction solutions turned black as SDS extracted 

carbon black from the EMC.  The optical analysis of the devices revealed the detriment of 
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the ��	fa�ta
t. Since aluminum metallizations stayed unharmed (see figure 26), copper 

components were all over covered with black crystals (see figure 27). For identification of 

these crystals an EDX analysis in the area of the copper ball bonds as well as on the power 

copper metallization was performed (see figures 28 and 29). Identification of the 

elemental composition confirmed the suspicion that copper had reacted with the sulfate 

group of SDS and formed copper sulfide. In accordance with [60] the occurring reaction 

can be described as follows: 

 

 

1) RO-SO3
-
 + H

+
 � ROH + SO3

2- 

2) SO3
2-

  + 6 H 
+
 � S

2-
 + 3 H2O 

 

 

The effect was most apparent at the combination of SDS with IND, indicating that this was 

the solvent mixture with the most reducing activity.  

 

 

 

Figure 26: Reflected-light micrographs of device no. 7 and 5 after decapsulation using SDS and 

BAL. The aluminum metallization is in a good condition and the polyimide layer has been 

preserved. 
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9: Scanning electron micrographs of device no. 8 showing the copper ball bond. Copper 

components are covered with copper sulfide crystals. 

 

The test series with SDS was aborted because the solvent system should be applicable to 

any type of semiconductor device. Because SDS had a positive influence on the solvolysis 

reactions it was replaced by a nonionic surfactant.  

 

 

������ Brij®35 

 

For the next series the nonionic surfactant Brij
®
35 (BRI) was chosen. BRI is a 

polyoxyethylene (23) dodecyl ether (see figure 30) with a HLB value of 16,9 [59]. Its total 

HSP is 18,8 MPa
1/2

 (see equation 3.16). 

 

 

 

Figure 30: Chemical structure of Brij
®
35. 
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Fo�� �he experimental runs 5 g o�� BRI were dissolved in 50 mL of the selected solvent 

mixture (50:50 vol%), resulting in a concentration of 83 mmol. Reaction temperature was 

kept at 523 K and dwell time at 10 hours. An initial pressure of 40 bar was applied to the 

Parr pressure vessel. 

 

Although the EMCs became a shade less soft by use of BRI in comparison with SDS, the 

die metallizations stayed unharmed and the surfaces appeared very clean (see figure 31). 

The best results were achieved by use of BRI mixtures with ANI, BAL and IND. The EMCs 

were extensively swollen and quite easy to remove. It turned out that DETA had only little 

solvation power. For the decapsulation of all packages a cosolvent would be needed. By 

use of DMF all packages could be decapsulated but residues of the molding compound 

sticked on the die surfaces. BRI/ACE showed that the condition of the polyimide layer 

wasn’t affected by the addition of surfactant (see figure 32). But the decapsulation of big 

devices was quite difficult. The results for the BRI runs are summarized in figure 33. 

 

BRI was added to all further experimental runs as it didn’t harm the die metallizations and 

showed a pleasant cleaning effect. 

 

 

 

Figure 31: Reflected-light micrographs of device no. 1 and 8. Left: Overview after decapsulation 

using BRI and BAL. Right: Overview after decapsulation using BRI and IND. 
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���������������	3���
�v����mixtures for the combination runs. 

Number Combination Amount [mL (g)] 

Combi 1 BAL + IND + ACE + BRI 35 + 10 + 5 + 2 

Combi 2 BAL + IND + BAT + BRI 40 + 10 + 10 + 2 

Combi 3 BAL + TET + BAT + BRI 40 + 10 + 10 + 2 

Combi 4 BAL + IND + TET + BRI 40 + 10 + 10 + 2 

Combi 5 BAL + IND + DHA 40 + 10 + 2 

Combi 6 BAL + BAT + DHA 40 + 10 + 2 

Combi 7 BAL + TET + ACE + BRI 35 + 10 + 5 + 2 

Combi 8 BAL + IND + TET + ACE 35 + 10 + 10 + 5 

Combi 9 BAL + IND + DHA + ACE + BRI 35 + 5 + 5 + 5 + 1 

Combi 10 BAL + NMP + IND + BRI 20 + 20 + 10 + 1 

Combi 11 ANI + IND + ACE + BRI 35 + 10 + 5 + 1 

 

 

 

 

Figure 41: Reflected-light micrographs of device no. 1 (topchip) and device no. 8 after 

decapsulation using Combi 1. The polyimide layer remained on the die surface. 

 

 

By use of Combi 1 and 11 the packages were extensively swollen and very easy to 

decapsulate. Combi 1 was chosen for the optimization of the test parameters because 

BAL has the advantage over ANI of not being toxic. 
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�����dicted response graph was created with the experimental results:           

                                                                                                                                                                                               

 

 

 

 

 

 

 

 

 

 

 

From figure 42 it can be seen that a temperature of 220 °C or a minimum reaction time of 

8,5 hours at 190 °C is necessary to decapsulate all devices. Pressure has a negative 

influence on the number of opened devices. The condition of the polyimide layer is 

predominantly dependent on the reaction temperature. The lower the temperature, the 

more likely is the preservation of the polyimide. The factors time and pressure are of 

minor relevance for the polyimide layer. The convenience of the opening procedure is 

enhanced by increasing temperature and decreasing pressure. The time period is too 

small to affect the convenience. 

 

Effect Pareto charts were created to detect interactions of the input variables (see figures 

43 – 45). In the following charts factor F1 stands for temperature, F2 for time and F3 for 

pressure. Response R1 means number of opened devices, R2 polyimide layer and R3 

convenience. 

Figure 42: Predicted response graph of the solvolysis reactions using Combi 1. 
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Appendix 

�

I�formation about the used liquids: 

liquid bp [K] ρ [g/cm] M [g/mol] supplier quality 
order 

number 

ACE 329 0,79 58,08 IFAT Villach n.a. n.a. 

ANI 457 1,02 93,13 Merck for synthesis 822256 

BAL 478 1,05 108,14 Merck for synthesis 822259 

BAT 398 0,88 116,16 Alfa Aesar 99 + % A19412 

DEA 328 0,71 73,14 Sigma-Aldrich > 99,5 % 31730 

DEP 570 1,12 222,24 Alfa Aesar 99% A17529 

DETA 568 0,97 191,28 Merck for synthesis 817033 

DIP 523-540 0,97 446,67 Merck for synthesis 814732 

DMF 426 0,95 73,10 Merck Lab 103034 

IND 493 1,06 119,17 Alfa Aesar 99% A11000 

MeOH 338 0,79 32,04 Merck for analysis 106009 

NMP 476 1,03 99,13 IFAT Villach n.a. 2121-828-1 

TET 473-482 0,97 132,21 Merck for synthesis 809733 

THF 339 0,89 72,11 Merck for analysis 109731 

 

 

 

Information about the used solids: 

 

solid mp [K] ρ [g/cm] M [g/mol] supplier quality order number 

BRI 309-315 1,05 1200,00 Merck for synthesis 801962 

DHA 376-380 0,88 180,25 Sigma-Aldrich 97% 126179 

SDS 477-480 1,1 288,37 Merck for synthesis 822050 

 

 

bp boiling point 

ρ density 

M molecular weight 

mp melting point 



9�$���
�	

 
77�

�

��������	
�

!)�� � ���	
���

��
� � �����������	�����

������ � ���������
�����

�
�� � ��������

���� � ����������
�
��

���� � ��	������	�	��

�
� � �
�
����	�����

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

���� � ��!�������!
����� ���

��#
� � �� !���
��#��!
����
"
������ ���

�$�� � ���%
&
�'�

�#(� � 	�	��)��
�
��	�����

�*�� � ���	��������������
����	��	�
��

+��+� � ������
!��	���������� ���

++*� � ������
���!��������	�����

++*�� � 	�	���	��������"�	�"��
)�++*�

++,� � ������
���!������ ��)
���

+��� � ���	���������

+��� � ���	����!�	����	��

+���� � ���	���	
��������

+-����� ��.���������	����
)��� !���
����

+/�� � ������
��	���������

+��� � ��� 
������!�	����	��

+*#� � ����	���)
��������

+��� � �� �.��
)���!������	 �

��
� � �!
������ 
���
"
������ ���

�+0� � ����.���� !�� �"���1�����

�*�� � �!
����
����.��
�!
����

��� � ����	�
��!����



9�$���
�	

 
�8 

 

�pi��	
������ 
����
��������
���������������
������
����

���� � 
�������
�������������
����

����
��
� ����
��������������
�
��� !���
����
����
������
����

�"� � 
������
����

#�� � $���!�
����������

%&'� � �����������(����������(
�����
����!
�

%)�� � %���
��)��!
���	�������
	
��

*�*� � �����+��
�

*�,� � �������
�

&�-� � ��.����
�!����.
�/�	��
����

&-�� � ��.�.�	
���
����	��������
�
��

��"� � �!�	������	����
����

�
0%�� �
	������

�#� � �!�	�$!��	�������
����

���� � �(�
	���(1(����������
�

02�� � ��	�����
������������

�(����(�)!�� 
����
�������������!�$��
��
����

��� � ��
����������������
�
��

��#�� � ����	
	��$�!���
	���
�
��

"�,� � �
��	��
�
�
�/����$$
�
��
�

"�%)� �
�	���	�����$�	�
�!�
��$��
�	������+����!���!
�	���
�����
�
�	����������


�
�	������
 !���
�	�

"�� �����	
��
��	!�
�

),)� ����!�����
�����!�$�	
�

)�3�4� ����������	���
�

)�01� ��������������
��

���� 	
	�����
�

�%#� 	
	�������$!����

�5��� 	��/���������
����	��
��$���������
����

6)� !�	�������������

7�5� � �		��!����!���!��/���
	�



����������
�����

 
���

�

����	����	
�����

�

��� � e�e��r	��
���r	
��	�	����

�

9��� � ��	������������	���
���������

�� � �����	��������������	���



���� � 	��������������	�	���



��� � ���������	�	���	��������������

�� � �	�������������������

���� � ���	����	�������	���
���������

���� � ���	������������	���
���������

��� � ������������	�	������������������	�
���	���������

��� � ������������	�	��������������������������������

��� � ������������	�	�����������������
�����������

��� � ������������������	�	�������������

�

0� � �	�����������	��	�������������
��������������
�

&� � ������	���	�������������

�6� � 
���	��	�	�������������

3�� � ����
������������	���	�������	�
���	���������

��� � �����	�����������������	�	�������������

3�� � ����
������������	���	������
�����������

����� � ��������
��	
��	���������
����

�� � 	��	
��	���
�����	���

)� �  ���
��������������

 � � !���	��


� � ������

!� � ������	���	
�����������

!�� � 	��������	
�����������

��� � ��	�	����
��������

"� � ������������	���

#$� � ������������	���	��������
����	�	����������



����������
�����

 
���

�


���� � ���u������	
�t
����t����������

��
� � ����
�����������	�

�� � ����������������

$� � ��
��	���

�� � �	����
�����
���	
��	��

�
�� � �	��������	������
�

�� � ������������

��� � ���������������������

�� � �������	���	����	���
�

��� � ����������
�����	���
�

���� � ��
���
������
�����	���
�

���� � �
�����	���	��	����
���
���	���
�

�
�
��� � �	���
������������	��������������	��������	
�

���� � ����	�����	��	���
�

���� � ����������
�����	���
�

���� � ����������
�����	���
�

����� � �����������������	��	���
�

������� � 	���

��
��	���
����������	��	��������	
��	����
���������������

�� � �������

�
�� � ���������������������������

�
�� �� � ��������������������������������������
��	�����
����	��

�
� � �������������

�� � �����

�

�



 ������$!����

 
���

�

���������	
��
���������������������������������������� �������������������

���� !�"!� �	#�$!�%���#� �	��$!�&!�'���!�(��������	������	����	��	���� ����	��
� )����	*#�

�������� �	��	���� ����� ������	�� ) +%,*� ���� ����	��� ���-���
!� "#�$$#!���#!��

��
����%
��#�&�$����#���'!�$��!���!#��(!�)!��#����.���..#�/���!�

�

�/�� "!� 0!� &���#� �	�� %!� 1!� %��-
*� &��+�� �$��#��� ���
!##,�� &#������$��!� ��� "#�%��$�!��

-�$
���$�!�����
�2,"#�/��3!�

�

�4�� ����566777!������������!��!8�6�	���
�6�������
6����6��/!����#� ��
�� ��
����� �9
��
� ���

:�������/���!�

�

�;��<!�$��
�	#�1!�1��-
�	#�,!�"!� ��#�=!�,�������#�,!�>
�	�
���
�#� !�?��-�#�@!��������#�@!�<�#�

�	�� &!� ������!� ����� 
7���� ��	����� 7���� ����� ������	�� ����������	
*� &�$����#���

��
��#$#���!#���$��#��������#�$$$#�$��"&&&#�.��9�#��AA9!�

�

�3��%!�$��-�
#�B!�<����#�>!�2����	#��	��<!�C���!�$�7�D	8�����	�%��������+=(�,�����	�
�

?�
����	�2��
� <�7�,����	�?���-� <����	�
*� &�$�����!���.$$��$$��/�&�$������!����0����!$�$�

��
����%
�($��$$��#����"&&&#���A#��AA�!�

�

�.�� ����566777!�	��	��	!���6��
6�	6�������6����	����
6����	��������
6�	���!����#�

��
����
������9
��
����:�������/���!�

�9������566777!������!��6���	�!���E��F/�..#���
����
������9
��
����:�������/���!�

�

����@!�D	�-�	�
��	#��	��>!�=��
���	
�! @�"=��������	�������	��������	�����������	��	��

��	�������������
�����G?B>����-���
!�&�$����#����(!�)!��#���$��#������-�#�$$$#�$��"&&&#�

;9A�;�/#�/��;! 

��

�A�� >!� >�����#� <!� (�	��
� ��� %����
#� �	�� 1!�&!� @����

H!� <�
��� �����
������	� ��� ���
����

���-���
��������������	��

�
5�&����

���	������	������������	��
�������	
*�'��$�$�$����#����

�$��!������#�;�)��A*5��;;���;�#�/���!�

�

����� G!� ?��-*� ($1�!�!���#��$��#�)$#� �2$� ��$� 3$��$$!#!���$� !#� �#�$�$�$$�$#� 4!���$��$$�

���!��%#�$#!�1��	�����
�I�=�	
#����	����#��A��!�

�

����� �!� (�	�#� %!� J�������#� =!� '�������#� "!� =����-�
�#� J!� >���#� �	�� J!�  
���!�

(������
����	�%����	�
�� ��� +���
� @�
�	� �	�$������ >���� ���� @��
���	�*� &#.�$�#
$#�!����

-�#����%�� 0$���#� !#�� "#.$$�$� '!#%�!��%��#��� �$��#�� "#�$$#!���#!�� ��
����%
� �#�

($��$$��#����#�&��0$���#�56678#�A���A�3#�/���!�

�

��/��C!��!�C��	�!��������	��	���
�	���������7���!�'��$�$�$����#����"#�$$#!���#!�#�/.�)�*5�

����.#�/��A!�

�

�



 ������$!����

 
�/�

�

���������������������������������������� ���������������������������������������� ���������������������������������������� ���������������������������������������� ����������������

��

��4���!�@���#�%!�%����#�?!�������	
#�@!�"����		#��	��%!�=������!�,������%�����������	�

����&�7���(�����
!�9�.!#�$���$
���#�%���$�'!#%�!��%��#��-�#�$$$#�$�� "&&&/�&'"#�/3A��

/./#���
���
K��/

��
�1�	��/��9!��� �

�

��;��=!�%�����#�$!�=��-�	��#��	��,!�1!�2����DDD!�>	��	��

�
�����	�����������
���������	���������

�	�� ��������������	��	���	� �������� ���	�!�'!�$��!����$�$!$��� %��$��##� 4�� );*5.49�.;.#�

/��4!�

�

��3�� =!�%�����#� �	�� $!� =��-�	��!� >���� (����
������	� ��� +���
�%������ D,� &��-���
� 7����

,������ ����� ?�	�
!� "&&&� �$!#�!����#�� �#� &�$����#���� (!�)!��#�� '!#%�!��%��#�#� /A�

)4*5�9A���4#�/��.!�

�

��.������566777!	�
�	�!���68������!
����#���
����
�����9
��
����=���������/���!�

��9��777!��������	����!���#���
����
�����9
��
����=���������/���!�

�

�����(!�(!����
�	#��	�� 1!�@!�?����!�(����
������	����+���
�(�����
��
�	��:�
��	�&��
��!�

7:
��
�9##%!���$��!�������(���������
����%
#��/��;#��A99!�

�

��A��G!�+���#�G!�(!�+�����#��	��<!�1!�%����	��!�+����	���������������	�����
�������	�:/6,G;�

���
��
!�;�%$#!������!�%%
����$#�$�!#���$��#������9#�A�)4*59�.�9�A#��AA�!�

�

�/��� 1!�  �	�#� 1!� ?!� 1!� =�����	#� �	�� ,!� D!� %!� ?��	�--��!� :����������	� ��� ���� %����7����

D	������ &��
��� =

���� ���� G������� >	��

�
� �	� D	��������� ,������� &��-���	�!� 77
��
��

"#�$$#!���#!��-�#�$$$#�$��#�&�$����#���(!�)!��#���$��#������<�4����0$#�����(!�)!��#�#�

��4;���4�#�/���!�

�

�/���%!�&����#��	��>!�"���!� ���L
�����&��
���,����
��
� �	�G�������>	��

�
!�7=
��
�9##%!��

�$��!�������(���������
����%
#�������;#��A��!�

��

�//��1!� ����
#�1!�?���#�&!���
��
#�J!�%���
�	#�G!�"���	�#�B!�=������	#�1!�1����
�	#�=!�=!�

>����#� �	�� >!� @��	����!� >� L	����� >���������	� ��� (����
������	� ,����	�	�� <�
��� �	��

&��
��!�&�$����#���-�
��#$#���!#���$��#������-�#�$$$#�$#�/����/��3#�/��A!�

�

�/4��&!�=��7�	��	������#�&!�&������#��	��&!�(�
����
!�%�����������	��
�G�������>	��

�
�

�
�	�� <�
��� >������	� ��� ,����
���� %�������
� �	� =

���� �	� &��-���!� =
��
� &�$����#����

(!�)!��#���$��#������-�#�$$$#�$#�93/�93A#�/��.!�

�

�/;��"!�?!�J��#�>!�,!�J!�,��	�#��	��,!�<!�B�	!� �����������,�	�����7������ ��������������

,������ ) +,*� ����	�� <�
��� (����
������	� ��� &��
���� &��-���
!� 7>
��
� "&&&� "#�$$#!���#!��

��
����%
��#���$�(�����!��!#��3!��%$$�9#!���������"#�$�$!�$��-�$�%���#���.#�/���!�

�

�/3�� "!� 0��#� "!� '!� C��	�#� M!� ,!� ��	�#� �	�� B!� ,!� <��!� <�
��� �����
������	� ��� �����	��

������	�� �����7����� ������ ����� 
�������-���� ���� 
������ �����7�	�!�'!�$��!������$#�$� �#�

�$
���#�%���$�($��$���#�#���);*5�3�/�3��#�/��3!�



 ������$!����

 
�4�

�

���������������������������������������� ���������������������������������������� ���������������������������������������� ���������������������������������������� ����������������

�

�/.���!� 1!� ?
�	�!�  ����� (����
������	�%�����
� ���� +���
� $�������  
��� &��-���
!�7=
��
�

9##%!���$��!�������(���������
����%
#���9���A#��A��!�

��

�/9�� (!� &��������!� ?�
��� D	��������� ,������� G������� >	��

�
�  ���	����
!� 7?
��
� 9##%!��

�$��!�������(���������
����%
#�/;��/33#��A9.!�

�

�/��� :!� =����#� &!� >����	#� J!� %N����#� �	�� @!�  ���	��!�  ����������	����� >

�

��	�� ���

%����	�� ,�����	�
!� "&&&� �$!#�!����#�� �#� -�
��#$#���� 4�������� !#�� '!#%�!��%��#��

�$��#�����#��3);*5�3�A�3/4#��AA/!�

�

�/A��@!�J��	���#�=!�?�		���		#�1!�=���
��-�#�,!�B��

�#��	��%!�&������!�>���	����G�������

>	��

�
�%�����
��	��%����
���������� D	��
�������	
���������?�	��,�	����
� ����,����	��

%�����������	��� =

���� D	��������	!� &%���$!#� '��$�$�$����#���� !#�� (!�)!��#��

-�#�$$$#�$#���.#�/��A!�

�

�4��� @!� =����	��	#� @!� <���-���#� L!� J��
�#�  !� <�	����
�#� &!� +����#� �	�� ,!� ?���!� &�

�����

�	��

�
#� ������	�� �	�� �����	�� ��� 	�	�
����� D,� ��	����	� 7���� ���-
���� GD?� �����

�	�!�

'��$�$�$����#�����$��!������#�;A�)A���*5���3����.;#�/��A!�

�

�4��� %!� 1�����
!�  ��� ,����
��
� ��� G������� >	��

�
!� 9##%!�� ($��$$��#��� ��� �$��!�������

(���������
����%
#��A9�/��#��A9A!��

�

�4/��@!�,��	#�0!�C��	�#� !�&�	�#�G!� 1���#��	��=!�<��!�G�������>	��

�
� ���	����
� ����"����

&�7��� <����� +�����	�� (����
!� 75
��
� "#�$$#!���#!�� -�#�$$$#�$� �#� &�$����#��� (!�)!��#��

�$��#������!#��4����0$#�����(!�)!��#�#���;#�/���!�
�

�44�� >!� G!� %!� ?����	!� -�-� �!#����)� ��� ���%������� �!�!
$�$��� !#�� ���$$� ���$���#�

�!�!
$�$��!�,@,�&��

#��AA�!��

�

�4;�� >!� G!�%!� ?����	*� 4!#����)� ��� ����
$$����%��� �#�$$!����#� �!�!
$�$���!#�� ���%�������

�!�!
$�$��!�,@,�&��

#��AA�!�

�

�43�� 2!� ?����	���#� +!� %����#� �	�� 1!� 2����!� =��������
� ���������
� ��� ���	�����

��	-���

���������������
!�;�%$#!�����9����$��(���
$$����$#�$#�495/3.4�/39.#��A�A!�

�

�4.��,!�%!� ��#� !�B���	��#��	��J!� 
���*�'$����� ��$� $$�����#����� ��$$
��$��$��+�� $$��#�


!�$��!��!�+������	�&���	��+&�����3��;;�?�#��

�����.
��
����$�������#�/��3!���

�

�49�� "!�"!� J�	�#� �	�� <!� %!� =���-!� >
����
� ��� ���� �����
��
� ��� ��	��� 
����	�� �����

��

������	!� ��������������	����	������������	!�3%$���.�)4*5�/39�/.;#��A�/!�

�

�4���'!�J���
�#�"!�=���#��	�� !�'��!�+������������	�����������	�
��	������������	���������

�	��������
�	�������
�����	���	���
����	�!�3%$�#�39)��*5�.���.�3#��A9�!�

�



 ������$!����

 
�;�

�

���������������������������������������� ���������������������������������������� ���������������������������������������� ���������������������������������������� ����������������

�4A��B!�,����	#�@!� =����-#��	��+!�B���	!�%����	�
����� �����
�����	����	
���������

� ���

������	��������������!�"�<�&-�����$����$���#�!#���$.$���
$#���.)/*5�..��94#��A.9!��

�

�;���(!�?���	#��!��!�B�	��-�7#��	��>!�&!�@�����!�"
�����	��
��������������	�����������


��
!�(���
$$��$�$!�!���#�!#����!��������9;5/3�4/#�/���!�

�

�;���>!�&!�@�����!�4����$$$#�$���!��%#��.�#�.$$#$�@�$#�(���
$$$#!�&�(����
�
#�����	�
����

L	����
��O��(���
����#�/���!�

�

�;/��'!�=���#�'!�J�����#��	�� !�J���!�+�����
���� 
����	�
��	� ���� ����������
������-�	�����

������
����	����
�	
!�&#$$���!#��3%$�����454.;�4.�#��AAA!�

�

�;4�� �!� �!� B�	��-�7#� (!� ?���	#� �	�� >!�&!� @�����!� ($��$��� ��$� $$�����#�� ��� ��$$
��$��


!�$��!��*�L	�����=����
�&���	��L=�.�;.3�9�/�?�#��

�����3
��
����:������#�/��/!�

�

�;;�� @!� &�	����"��	�	�#� ,!� (���
#� 1!� "
��#� 1!� B�����=��	�#� %!� &����-���#� +!� <�
���#� %!�

,�����#� =!� J�	���	#� =!� &��-���	�#� �	�� J!� "!� ��	�!� ,�������� ���
���	�� ��� �����	� ������

���	������������
���
��	�	�������������	��
�������������7����!�-�
�����$�8�(!$��9��4A5;3;�

;.�#�/���!�

��

�;3��1!�D!�:��-�#�=!�J!�D!�(8�8�#��	��>!�:
�!�,�����������
���	��������	�����
�	��
�
�������������

�����	��!�"#�%��$�!��!#��&#��#$$$�#��-�$
���$���$�$!$����4A5/;3�/;A#�/���!�

�

�;.�� "!�  ���
�#� '!� =���
�-�#� ,!� J���#� 1!�D!� J���7�-�#� �	�� ?!� "���	�!� (������
����	�

�������	
��������
���
�	��	�����
����������-���	����
�	� �	�
�����	��
�������������7����!�

;�%$#!�����'!�$��!��-���$��!#���!��$�'!#!�$
$#�#�.)�*5��3#�/��;!�

�

�;9�� '!� =���-�#� "!�  ���
�#�  !� >
��#� 1!� J���-�7�#� �	�� J!� ,����!� (������
����	� ���

������
���
��	�������	����������
�������	�������
�	��	�
������������	��
�������������7�����

�	�����	�>������
�����!� "#�%��$�!��!#�� &#��#$$$�#��-�$
���$���$�$!$���� 4�5�4A���4A3#�

�AAA!�

�

�;���%!�B���!�,�����������
���	��������
���
��
�	��
�����	��
������������������
!���$�;�%$#!��

����%�$�������!��3�%�����;953���3�9#�/��A!�

�

�;A��'!�,!�,���	#�"!�&!���	�#�J!�=!�<�	#��	��'!��!�'�	�!�:�������	�������	�����������������
�

7�
��
��	�
�������������7����!��!�$���$�$!$����4;)�9*#�;/9A�;/�4#�/���!�

�

�3��� @!� (!� =����#� ,!� @!� '�	-��#� 1!� <!� G����	#� �	�� 1!� %!�  �	��
!� :���	����� %���������

>

������
� �	� =������������� G����
P� D�	� ,������
� �	�� @����
�� %������
!� ��$� ;�%$#!�� ���

�%�$�������!��3�%������59��;#��A��!��

�

�3��� <!� B������@��#� 1!� ,!� %�8���#� �	�� %!� &�����<���	��!� =������	���
� +������ ��� %�����

����
��	
� �	�� &��
�� ��	
���� >��	�
� �	� >��	��

�
� @������	
!� ��$� ;�%$#!�� ��� (�����!��

-�$
���$�� �����5���;A����3.#�/��9!��



 ������$!����

 
�3�

�

���������������������������������������� ���������������������������������������� ���������������������������������������� ���������������������������������������� ����������������

�

�3/��?!�?�����#�@!�J����
#��	��1!�%�8
��!�>���������	
��	��,������
�	����G�������>	��

�
�

%�����
!�5A
��
�"#�$$#!���#!������#���$
�#!$��#�&�$����#�����$��#�����#��;��A#�/��.!�

��

�34�� <!� 1�	�
!� M�@�
� @������������  ���	����
� �	� G������� >	��

�
!�56
��
� 9##%!���$��!�������

(���������
����%
#��3/��33#��A�/!�

�

�3;�� >!�  ������
-
!� %��
����� ,���������
���
� ��� %����	�� ,�����	�
� �	� &+%
!� B9�9�

�$��#��!��$$��$���C���D$�%���"#�*/D���!$����$�!���#�#�/��/!�

��

�33�� >		�� @������!� &.!�%!���#� ��� 0$�!��%�!���#� '$������ ��$� �$
���#�%���$� 0$.��$�*�

%�
�������
�
#�B����L	����
��
���� ���	����
#�/���!�

�

�3.�� ����566777!�����	
�!���6���Q������
6������
6;9.���������!���#� ��
�� ��
����� 3
��
� ���

:�������/���!�

�

�39�� ����566777!�����	
�!���6�������
6	�	�
����������

������

��
6
����
�;9.��;9996#�

��
����
������9
��
����(��������/���!�

�

�

�3��� %!� %!� >	��	�8����#� �	�� %!� ?!� &�������!� ,������ ,����
��	� D	�������
!� >� �����7*�

"#�$$#!���#!��;�%$#!�����&�$������$
��!�����$#�$#�45��/�#�/���!��

�

�3A�� ����566777!
�����������!���6���6��������6���
6=����6D	
�������	
6�������	�Q� 
��

������	Q�����!&��!����!G���!���6�������	�Q
�������	Q�����!���#� ��
�� ��
����� //
	�
� ���

(�������#�/���!�

�

�.��� 2!� "���!�D$%#��!�$#� �$$� ��$
����$#� �$��#�����$� �2$� ($!+��� %#��  $$%������%#�#� ;!�

>������#�����
�2,"#�/���!�

�


