

DeanN
Dean signature


2 +- ,
- ;)3 / 1 3<20/ )/0+ / ,
;-2 ; 0 3 ;-
%
1 /58 "
3 3% 3 "
= -0/ /)/0 0> < ;; .- 0
=+ -0 ; 3/ -0- ,
= /=-0=-2/) _-1 - ,
4 0
1 " " 4 0 %
= /=-0=-2/) .-3 - 0-)-0- 3-
/8 87 + 3
1 /8 8 7
3 /8 87 -4
/8 8 7 * $
- /8 8 7 ’
= 20/ 3; + ! ! o-/1=/ = -7
/) +33/0+ 3< ,
gt + 3 7 40 "% 3% " ! ,
B 20/ 13; + | o-/1=/ =-2/) .-
+33/0+ 3<!-# 3/+1 / (
4 6 5 3 5 + 3 6-A (
1 gt + 3 6-47 40 "% 3% " 3,
B 20/ 33; + I o-/1=/ =-2/) .-
+33/0+ 3<I-#! 2 > 3/+1 /
4 6 5 3 5 + 3 -A 6 *
1 gt + 3 -A 6 * 740" 3% "
B 20/ 3; + I o-/1=/ =-2/)
< +/ /
g " 7 40 "% 3% " (
B 20/ 13; + | o-/1=/ =-2/) .-
< +/ /'-# 3/+1 / (
4 6 5 3 5 6-A (
1 g " 6-A7 40 "% 3% " ,
B 20/ 3 3; + ! 0o-/1=/ =-2/)
- < +/ /'-#'+/ /3/+1 /

4 6 5% 3 5 -A 6 (



- A

6

o)
7 40 "%

34



48 5 6 " 4 & Ch 5 "4 544

%% DE %% F E FG 6" 64 U " H " *4 4

& 6 %% &1 60E 1F E1 6FG

8 7DE OFc% 6 * DE4 & % FG
D ;-1 G 485 "6 % 86 6% 6 gt 40
% & *4 4 % % 56 " 6547
8 6 % " 4"6 & 3) 6 &
4 & % 5"6 & "% &l 40 %
4 % % 5§ " 6547 64 "™ " & 64 6 7%
8 66 6 % 5"6 4 o) 4

% 6 * 88 *4 0 %

48" 16 4"" 6 by * 6
4" 6 4 H & " 48 4" 48 {" &t 66
8 " & 8 " W% 6C
, & 4 % -4
63 % - * * 4 g8 " c" 446 *4

_ n 3 && n - *4 _6 mnmn II4 % _ * *



86 1 4" " 6+ 4 Y g "
+ Wt 6 4 " " 4 34 " 4 4%
$ 6 4 Wt 6 4 " " 4 3¢ " 4 4=
3, i 7" 6% ™ 6 676 4 4
3 @ 44 -* * 4 g " c" " 74 438
5 5 4 * S $, ) 416
4 34 " %4 -6 g gy - % x4
g " cC" ) , 74 2 6
6 "74 8"7*6 "6 "8 " 8 $6 4% * "
6 ( " B"6* % * " 48 {"" 86 "4 2 6 68 "
4 % -4 i 63 % - * *D-3-6 !
34 4 -3- 4 4 34 4 1 " 26
™5 4 34 4 1" )y &3 & 64 4
2 §) i P
$ " 5"M64 + ¢ ") 5 4 *
.5 4 8" c" " 744 " 4"6
% 86 6 * 6 6* 6 "6 "7 44 6" Ch 3
5 48 *4 "o * 6l 5
7868 " 3% ** {14% 64" & oy

666"* 4 6" g gt "6 !



0

i 4 g * "4 B 4 *
w4 864 $,1$ - * *y 6 ) & 76
4 8" cr v - *) 6 68" 3 &
4 $1 2 i+ ") 6 3 b4 X)W 7% 4 $
76 /" 6 *-* * 4 x5 e ! !
W) 6 -676) & )K74% 4 34 *
_ o 76 /" 6 * 4 * 4 Y -4 i 6
3 % - x4 % -4 i 63
- *2 6 ;W =-676+ ik 4 * 76 64
. 4 6+ "3 % 7 6 -C &
- * x4 % * ' 8 4 8 C
% 86 4 g " c" " 38 " 76
( + " 48 44" 4 18 g 64 81
4t poogmo i "o 6 68 " 3
5 68 % ** {14% 64" 6 7" " " 4" " 4
7 4"5 665 £ Mmook 405 6 64 *
6 68 " & * 68 " 66 "4 g
% I -1 S L A S
68 % * * 4 4*4 H % % " "o ")
68 " 6 6 4 16 nooo k% £ ok w



+ " 44 6 468L% 74 4" "D OEG
"F" U674 6 il 8 57 4
8 " C" 67 "6" % %
+ & " 47" 4 b4 7 4 % G
A " S SRR R "4
6 6* " 8i86"* "6 " TRET k4t 6
68 "68 % * * ¢ T . W
e w6 H "6 ") ¢ W
"R 4t 46" 4 k6 7 " "6
& * " 6 n " "6  "i6" 6" 6
wWae "t "7 @ " "% 6 "4 g 68
6 "* 5 6 % & + 4 4""7 4
6"* 6 5 4%4 H i « 6 . g
H "% § * * "oue x4 x g
5 " 6 68 " * 6 " weowow 53
% ** 6"* 6 6 5 64 " p4 * gl
o " 784 *4" 4 60"
6 "4 4 16 * 4 4 oy y 47
4 " 4*4 "y & % " 7810 x4

S 7 6 7" 7 664 $,+ )



%

48 5

YU 7a%>  *
i 7 8
v N
3 % ) &
) 6 "6
3 .
Ct 7 4
- "_ %
=: =
/ 5 ,
4
i 6 6"
" 1 6
48
A6
5
* 6
454" 66* ¢
Pt %

'+

0

" 7 6E 5 " 4684%
6 "oy g 6 I
i 4 864 $J $( 1+
8 & % 76 64 3 i
> * 8" * 7
65 4 % 5 "Lt 6 3= 48 C "8
i "o 6 63 5
" 5 4 " 4 L6
"D--—6 6" 86 " ™ —6 L6 6
- -6 + 4 4 *4
7 i 8 4
8 B ovo4
i 8
| 4 6 8 B% % i
6% " 6 8 61 6% ™ ¢
% 56 "48 66 ™6 4 4* " 4"
L i
6 "6 SO B noom
* 68 " 66 0) " &



0

! "7 4 *6 5415 H I'7 46 6" "0) 6
66 "6 4 " & 6 " 6 6 3
S
6 464" 4 % "™ & 8 " 5 "4%" 6
"% *oxx "M 466 3= 74 4" 46 " % 6C
1"6 C% 6 6 5¢ 8 4 H & 6
% "4 746 6486 " 6 "W 4 4
4 % *6 8 4 0 % D74 4 4 6" 5 5% 76
674 " 4 % " 7 648 6 " 6 4 64" 4
6 *4 1"6 C% " 6" 6 6 7 4
%54 " % " " 6 " 4" 66 *4 "6
"% 6 *4 4 W*6 8 40 % 6 6
*4 % % 6 * 67 6 8"4 74 4% "
4 66 *4
, 48 5 6 5 E*d% W' * 6 *
% 54 6 & 6 "6 6 " O &7 74 4 48

%t 6 % * ¢"" 6 8 * 4 &% 4"



0

48 5 64 % & " 846 " % 6
6 3K 4 6 8 & & "% % & "6
6 4 CWh & 4 & % 6 4
% o %" 4 4 % "og " 6 7 4
86" 4 4 64 " %
( 48 5 6 4 & " 846 6 3K DG
4 4§ 6 8 7" 7 "65 4 " 4 7 "% 6
% 5¢"46 74 5 4 %%k 0" 8 4 48 5
6 4 & " 846 6 3K D6 4 8 7"
% 6 %5%"46 74 7" %5 " "4 6 "4
4" 4 % 4 & *6 4 % %%
D4 " ! &% 6 66 G 6 & " 846 " 485 6 6
3K DG 8 6" 565 4 & 7"6" 56
% * 6 %004 % 5 4 4 7" 46 4
5 4 6 8 "4 g
# $
48 5 64 % & " 846 "ES8 "F 6
3K & >4 % ! 7 6485
58 " % " 6 W4 4 4 % *6 8

DE / FG * D64 " % 6 4 % DG4



0

6 "5 7 4 % 64 & "DG4 &8E% 6 "ot
4 6 D,0 " W% 6E" 6 "6 "F 158 " ™
74 4 46 DGEE * & 6F 4 & 6 8 D G &
S5 56 4 4 6 8 D6 Ch 6 "&" 4 4§

8 608E % *F 4 & 6 8 5 4"

$ 40 % 7" &6+ :

O4044 ' (0 7 ., DE4 @ % FG
74 4% "w 3 ' ( 64 $ 6 4
) "4 Uk L 6% ;- 3 8

;-1 , ) B i""4 48 W 6 6
# "4 6 4 %*6 8 58 oo
L4 *4 R L7 64 16 8 46 4
“*6 8 6 & 4 #

485 64 & 5 58 " §*4 "X

0 b % " 5 58 " §*4
toxp % L% % "4 "5
4 7 648% %6 / 6 4 " %%

5 7 " 4 % 86" 4 1§ "4
i 6 8 4 4 x mowx

8 3) 4 "4 "8 "



4 T7L6* E "N / 4 4 % 54
5"86 6 5 CW 4t 4 % " 744 48
5 64 4%6 5 5 I R I
7 46"t L 5 58 "74 6 " 4 6% 6 5
R T T i 4 6"*4 * 4
58 " ™6
% 83!
6" 64 % " g4
8 7% 6 * 4 " Wh * 4% i ""4 65 % 6
6 * 4 E 6 6 " *F 6 *4 6
6 " * 47 6" 4 "xg 4 W * 4
4" 7 6"7 648 46  / 6" 64 4" 4
Lot 4 64 44" g 5 "6 5 "
L | x4 f " 5 6" 6 48
764" %W 4 g
48 "5 6 4 6 * 3 K %
i E7 6" 4 " 6 & 6%
O40ht " 4§ 6" 5 4 8 " i 8 % "t i
4 4 4 4.6% " 4 4 6 8 4

4 %% 64 4% 8 674 "4 6 6" 64



8 6" % 7 6 6 58 " & 6 8 "4 58 "™
D 47 6" % H 4 & 4 8
& 5 64 % & 5 6 6 &*4 4

"% 6% " 4" & 74 " 5

4" " %6 4 S 4" % 4 8

& 6" 64 4 7 6" 4 §& ""4 465 % 6 "
4 7 648 5 % 65 / 4 4 % *6 8
7" 60D 6 6 48 "64 6 # R

Ct 6 L $D586G 6LL ,! D5&76 - 78 4 %

kb "4 W 6 L""5477 648 &
5 4 6 8 7" 74 74 4 g 6!
' C
% " 6 "W 4 4 49 % D
E/ F67 64846 & " 1 4% §"6* Lo *
E UWhi 6 %4 " ik 6 4 & 6 6 & " "
C% 4 " 46"* 681 " 5 6
% " 4 H 8L W66 L6 6" 5"
C 87 4% 0 6" "™ 64 L

7 65 4" Wb * ME*4dL 47%4 87 6848 MK



o)
, 48 "o6+# "4 % 74 4

@ 4 % "% 8 / "5"6 5 87 65

¢ 8 4 6 7 ""*4d & &

+ & 4 4"6 & 5"6 C%
4 3% ** 6 §(!4% 64" 1"6 581
6" 56 Ch 4 b 548 4 "6 6 O C%
4 6 & 5"6 C% ! 6" 6 6 7 4
%54 " % " " 6 "W 4" 66 *4 & ! 6!
6 "% 6 *4 S 4 W *6% 6 D# G
4 0 % 6 *4 Y% % 6 * 67 6 &"4
7 4 4% " " 4 66 * 4
( "% 6% 6 @ 4"6 ¢ 4 8

"6 64 W7 * 45 * 6 7t6*" 4 ¢* "4 7

& 7wt 6 "W 4" 6 *4 5
4 &6 4.0 % N 7 766 6 Ch "* 6
’ C% 4 g6l 6 C% 7 *7 4 4"
86 * 4 * 6 68" * 4" 4 6 66 4 8 ¢t 164
7 *% 56 "6 & 66 4 &

6 &



' , DE+ 3

Sk !

DE4 § %
) X
, 3 6 " # %
F6
5944 54
F6
( (,$ ($ DE "4FC
494 54
F6
$ 494 54
0- -0=-
0- -0=-
3 6 " #
3 6 ] # 04944
(  DE-AFG
( DE3 % FG
: ( DE 66 FG
(,, DE< F6

FG

Sk



Sk

(  DE-AFG

($C ., DE

Sk

6 "
FG
6 &

%%&

%%&

%%

Sk

FG

%%

$ DE#

($ (OE

%%%4

S

"4 FG

* G

DE< 5 FG

(5 0B)
5

, DE-

Sk

Sk

2/

Sk

FG

"4 FG

( DE?

%%%8

2/

5 FG



0

, ;! , $,DE3 & F6
;! O "4 5 /" 1 & #
6 - O 4% E-¢ & " & %% % * " 75 %
&1 Fo-— " "3 % " * * 6
+ * 4 g * 184 $ W 1%+ 6
" (¥(
( ;-1 22?2 .1 = - 39" 63
+ -7 E34 | 4 % %& 5 %% "F 4
& % " 68 6 * x4 g e % "
6 " #" 3 %%  $!
;-1 B * + =14 + 0 "4 6
- E 64" 6 *4 * 4 " 6 & " &% 4% !
* "o % e e " "3 % "6 *o*
4 &> "84 %% ! + 4
$ ;! > 2?2 6# =
E- %" & " "6 L% 4%% *TE == " "3 %
- 56" 6+ * 4 0* 8% ( $ %% $ $I$(
-, %% Sk

' $$ DE14 FGC



( 4"6 4 "i 6% " 4 6 "
4 " 58 4" " C W" "4 65 6 " 64
/ 7 #6488 764 64 4 6

5 74 4 64 67 4 4
4 "i@8" 4 "6 4"6 i 4 "4 658 76 "
5 * "6 64 4 "/ " 48 & "6 64
LA 4 W7 * 5.% 86" H "4
S T

% % )3 )

N % 0 5 6 4%

N0 "% L k6 * 5"5 6 6
46 6 "¢ *wi & |

N 50 6 8% " 5 4"6" 4 "§ * i
Lo

N 0 i o 648 *

4 4 4

5 x "6 4 "§ * ke 44 4
5"5 6 648 *4 * " 446 6
A

N 60 6 8 L "67H 44t 45"5 6

6 0 6 4
I 6




0

N 0 % * 446 6 "& *h & 6
%% 4 % > * 4 & "

5 7 4 o4 6 !
4 6 8 % "4 4 %% D T

& 4 @ 6%" 6 % 6 4 &
6%" 6 %%

N0 4 5 6 & 74 446 6 "& *
% & & "% C
N0 4 5 6 & 74 446 6 "§& *
% & & % C 6% 3)
N,0 4 5 6 & 74 4 5"5 6" *%"™
S) 6 C 5 6
N0 4 5 6 & 74 4 "
57 "6 6 8% "5 4"6" 4
e bé
N(O 4 5 6 & 74 4 !
6 % 4 44 7 4 W ¢ 4 44
N0 4 5 6 & (74 4 W &
"0 C
N$% 0 4 5 6 & 74
N$ 0 e 4" % """8 @&
"6 4 "§ F & 4 !
% " " 4
4 "5 o ¥
4 46 6 "& *h & I 6
N$50 4 " 6 4 4 6

% & & 5 o4 6 "4
% * 6 & " 4 6 8 % "




0

N 0 4 5 6 & 74 4 W 4
6 x "oty 4  WE%" 6 U
6 " 64 ¢ 4 WB%" 6 %%
4 " 4 WE%" 6 %
N 0 4 5 6 & R S
6 * 614 *457 4 6 8% "
45 4"6" 4 "y * i
N % 0 4 5 6 L 74
N0 "6 ¢ % "8 4
5666 4 "i * i 6
N 50 "6 6 8 4 5666
4 4 6 % b
N % 0 L% 6 5 6744 46" & "7
5 6" 5" % 4 4 gt
' 6 5 6" 5" % " *
N0 "yo* 44 ¢6 * 5"5 6 6
46 6 "¢ *wae &
N 50 6 8% " 54"6" 4 "t * b
¢
N0 . 5666 4 "i * d
¢ 4 5666 48 * "
64 " 4 5
* " 446 6 "L *wE oL 4 4"
5 * "6 4 "§ * ¥ 44
45"5 6 648 *4 " x "4
46 6 "¢ *we & N 6
N 60 W oo*" 446 6 "4 *hi & 6
We 4 6 x g "
57 4 "4 6 & "
4 6 8% "T4 4 Wy d
¢ 4 W6%" 6 %% 64 &
6%" 6 Uk




N0 4 & 18 6 5 6 & 74 "6
4 5 6" 5" ! % 4 4
& i 6 4 4 &1 6
* 4
N ,0 4 & 18 6 5 6 & 74 "6
& " % """ & "7 "
N0 4 & 18 6 5 6 & 74 "6
4 5 6" 5" "4 % " !
N (0 4 & 18 6 5 6 & % " * "
4 5 6" 5" " % 4 4 6
& i 6 4 4
N % 0 4 & 18 6 5 6 & 74 &
7 "6 5 6" 5" "4 % "
N0 e e &6 * 5"5 6 6
46 6 "& *h &
N 50 6 8 % "5 4"6" 4 "§ * &
&
N0 & 5666 4 "& *
& 4 566 6 48 *
o 64 "" 4 5 *
* " 446 6 "& *hi & 6
N 60 % * 446 6 "& *hi & 6
%% 4 % o * * 4 & "
5 7 4 o4 6 & "
4 6 8 % " 74 4 %%
& 4 b 6%" 6 % 6 4 &
6%" 6 %%




N $0 4 L% 6 5 6 ¢ 74 "6
L7 5 6" 5" " 4 4
h 5 6" 5" 6 6
5 6" 5" 4 " 6" 6 5 6
" 5" "5 * g i 6 4 4
L6 g
N % 0 4 4% 6 5 6 & $74 "6
5 6" 5" "
N0 "y K k6 * 5"5 6 6
46 6 "L *wi o g
N 50 6 8% " 5 4"6" 4 "§ * ]
i
N0 i 5666 4 * i
i 4 5666 48 * noo
64 " 4 5 *
* " A 46 6 "L *hE o & 6
N 60 % o< 446 6 "L *WE & 6
Wy 4 hooox * i "
57 4 "4 6 &
4 6 8% "74 4wy "
ko4 ®we6%" 6 W 64
6%" 6 U
N % 0 4 4% 6 5 6 | 74 "6
"6 5 6"5 5"
N0 "y ke k6 * 5"5 6 6
46 6 "L *wi o &
N 50 6 8 Y% 4 "y o * X
N0 P 5666 4 " * i
i 4 5666 48 * noo
" 6 4 4 5 *
" 446 6 "G *wioood 6




0

N 60 % * 446 6 "& *hi & 6
%% 4 % > * 4 & "
5 7 4 "4 6 4
6 8 % 74 4 % R T
& 4 W 6%" 6 % 6 4 i 6 % 6
%%
0 4 & 18 6 5 6 & 74 4
46 6 "& *h & " 544 " 6" 6
5 6" 5" % C
0 4 & 18 6 5 6 & 74 4
5"5 6" 5 44 6" 6 5 6
"o R T ) 6 %C 5 6"
0 4 & 18 6 5 6 & 74 4 & "
4 " 5 6" 5" !
& 65 7 "6 6 8% "5 4"6" 4
hF bé 4 " 5 6" 5"
,0 4 & 18 6 5 6 & 74 4 %%
4 % " ! " 4 b
6%" 6 %% 6 " 6 & 4 8
6%" 6 %% 4 "4 4 % 6%" 6
%%
0 4 & 18 6 5 6 & 74 &
"6 " 6" 6 5 6" 5" "
% " & %6 58 & " 4 !
(0] 4 & 18 6 5 6 & 74 & "
! 6" 6 6" 5" "
% " & 45467 & " 4 "
N % 0 &1 6 5S 6744 46" & " 7
5 6" 5" " % 4 4 4
"6 5 6"5%" 4 % " *
0 e b &6 * 5"5 6 6
46 6 "& *h &




0

N 50 6 8% " 5 4"6" 4 "§ * ]
Lo

N0 P 5666 4 "i * i
i 4 5666 48 * noo
64 " 4 5 *
* " 446 6 "¢ *wWi L I 6

N 60 %o 446 6 "k *WE 4
Wy 4 oo * g i
57 4 " 6 ¢ "
4 6 8% "74 4wy "

L4 We%" 6 W 64

6%" 6 %W 6

N0 P "6 § "7 5 6" 5" "
4 5 " P 4587 & " 4

N $0 4 5 6 ¢ 74 Wa"e7u 4
44 45"5 6 8 65 oLt
6 8 i

N0 4 5 6 & $74 4 oL
5 PoLo6" 6" 4 i
6 4 5 6

N0 4 5 6 ¢ h "o i% 58
4

N0 4 5 6 ¢ h "o i% 547
4

N0 4 5 6 ¢ "o i% 58
6547 4

N0 4 5 6 & $ %" o* i% 58
6547 4




$%% &  / +,-,

( 40 % & " 46 566 * %
s " 4" 5 6 6 & 6648 * ¢
% " 5666 5" ;=1 & 5" "W 64
6)2, 57 4 4§ 6 & t6" 5"5 6 6
46 6 "& *hié & * 4 * "y gd N
6 8 % "5 4"6" 4 "¢ F be I * 6
% "D o* "$% 5666 "6 45"5 6 657

I 4 5 **x " 446 6 "4 *h& & |
% oo* 446 6 "4 *hi oo & 6 6 4
% o * * g i "5 7 4 4
» " 64 6 8% " 447 "6 4 " *
¥ ;-1 Y2,

microcircuits 18

contact ﬁas / \ ?eboa rd

/]
T

i HHHHTHY / L
i IC IC
] —

\ / contact areas
Fig. 4D e .
hardened msulatlng on first surface

polymer layer contact openings




;-] Y2, D 66
( 40 % 66 W 6" 5" 7 * 6 8 ]
467U 4 44"74 " $ 5666 6
th oo * D—+ 6 6 4
- (!, DE " *NO3 g"* 7
4 *444¢" 6 "*1P 4 6 8 ik, 5* 7 "
W " 4 L7 4" i i 6 8 3 Uk
@ W5 x4 44"7 4 4 4§ 4 4
W 6 4 * 4 S R N R A
46 P & 8¢ 4 6 84 , 5 6 C W 5

x4 4 *444"7 4 & i 6 8 %" F6C$ ,!, OE 4

8 & % "l * % S 6 6 4
% 5666 45" 4""h "4 46 )2 5
6 6 " 4 7 4 4 4¢"(6% 6 " * - 5 6
7 44 * 4 44" 6 A | 4 Y4
6 8§ , O 6 " * 374 8 4 "6 74" 4

4¢"C 6 4 % "BESGN( G

( 4.9 % 4 6" 5" wh 4 oo
*E o ko4 ®6%" 6 W 64
6%" 6 W6 F 4" ( ! DE4 614 DAL G "



8 & 6" * 4 " *6" 4" 4 6!4 *4"
%165 " * g "o 6" 4 % & 6
4 6%" * 4 & D5 ) 6 4 & %% 4 " 4
4 "4 %%, " "65 ¢ 4 66 % " FG
& 1% &. / +,-,"
G 486 % ™6 # 3
%%é ' (D 7 , DE4 FGG
74 4% "% 37 ' ( 6% $ 74 4 4
Lot ) "4 % L 6#
( *% & " 7" 6 A *
4 % 6 *¢& " I(H ! $ 6 6 3 K D5 "
5 * % 65 = & D ' $ $CE=Fc 4 % 6 * &
6 6 3K D067 A 6 "5 * % S5 8 =
8 7 & " *E % 63 & " " *5 4
N 4 & 6 & 4 00 4 6" " 64 6 5& 3
& 7" 7 % %%é i" 8 F ;-1 1'$
66 86 4" 4 % 6 * §& " ( 6 7
5 6 5 4 7" 7 "6 6 & 75 % 6 4 * o4
& " 6 ( 4 E 6 8 & 4 "6 7" 4 4%

6 % 6 4 F 64 > &



i "E i 4547 & " 4 "F 1'$
L, ot 4 O40pt 664 6% 6
P % o 4 " 4 " 6 ( 6666 7¢&
4 " .1, E3L  4"5 6 6
% o4 "3 3L ,4"5 6 6 % o 4
" 3% (07 43% " 6 ( "H ¢ k66) 4 7
31 4"5 666 4 "3 F6
( .78 4 4 * ¢ 6% 6 & ,) 7
6% 6 & 67 " ] 66 " " 4
L6 % i 4 "k g ("4 WM "6
66 ( L, kg i 6
E 6 8 L4 "6T W 444 6
% 6 4 F74 47" 4 & 7 5 " 5
6 4 * 44 - i 4" i
4 ] 66 * &, 6 "6%6 & " |
Pt o4 " i 8 4K D56 A "5"6 =
6 66 4 - 1'$ W7 7"
"B"H ¢ ™ 67 44" 74 4§ 66% " t ]
74 W 4 % % "4 "+ 3
-4 * 6 ;! $ 1"6 74 6% 6



0

Ch% 6 8 7 4 % 5% et ™ 6 547 6
* 4 40 % & "% % 8 4 % 4"
Y 4 7’ 7’ & 6¢&"4 "4 64" ! &
6"* 64 7 " 6 8 & 4 "6 W 444"

6 * & % " 4 8 % *
& * D—+ G

#&# O I &% 11

( o6t 5¢ o, +3 ¢
" L 6E 6+ 46 - 566 *3 % " +il;
5 "F ;-1 )  +3 7" 16 + 67"

% 5¢"4 6 8 5 %

(¢ +3 6" 5" 5 648 * 566 6E * 6
& % F 6 46 % 6 *" 4" ;-1
& 5" &N 0 DE 5 6" 5" 48 * R
! 6 " 6" 5" ! F6 N (0DE 48 * W% "6
"o ! "6+ 3 6" 5"4 % 5 6 * 6
% 5 % 6 5 4" "4 5 6
"o & 8 & 54 4 "5 " "E 48 8

* % &" 6" ,F74 4E 3) 65 R 4"



%

6 &

+ 3

6 &

&

*

%%

%

(.6
&

*

F

4

nop

6 n

5 4 4

&

$

4 *4"D *

DE 4

II%

P 66

%

" 5" H

N

5" %

6

6

6% %

46

8 & b

&

B 5

%

6

6 "%

it 68

&II

6 &7

i 6

"6

" xR

6 & *F

$OIN

6) 2

&

%%

%

-

% n

6 ¢

% %

8 4

N

o 0N (O

0

8 * % " 4 "E
0l Lo 0)2
547"4 7" o

"5 6 64 &
68 4
5 N 0N 03
66 46 & & "D * 6 &
667 "6" 4 " g
W48 4 7 % 6
4 4 4 <4 W 6 %
( 68 ™ 846 6
" ( 6 6 - 5"
PRGN ODE6 & & "
68 4 * 6
4 64"8" § %
* 6 th th

*

)2

%

6

&



% &

4

n %

E 66

E

4

+ 3

6 4 "o
6" %C
F N 0 + 3
5 % S
560 4 %6 " 1d

4 6 & &

& Ch " 4
& &
S G6ENO% %
& OF4 *4 4 6 ¢

Ch " % 6" ( 4

"%k

Ché

*

"4

& 6 "EL

4

&

6

0

integrated circuit
component 20

* %4

B T A

4 6"
8 4 " 5

% 54 &7 *

"4 60 * "
D6 58 4 *

0 F

5" 4 ENO" 5" H

6I

C

%

4 "5 ¢"

6

4

* 4

%

4

6 & *

%



0

+ 3 4  Ché " ENO% * 4 i 674 " 5
6D * W% G 4 4 7 4% 6" (F
+ 3 6" 5" C % 46 56 %
" 5" "6 D'65 % 86 *E 8 F5 4 6
4 " 5" 6"% " 4 * 6 % 4 8
;-1 N 0 +3 ") 2 6 & " 4" ¢ 8
566 * 46 6"%" * * 6 % 8
4 " 5" "6 " 4 74% "4 * 4"
" 5" )2 6) 2 6 4 "6 65 4
86 5 ¢ N0 0D6" 5 * "8
% 6 56 " % 5L 7 46 4 6" 566 * 4
* 6 % 4 " 4 5666
8 6)2 + 3 ") 2 6

i " * 4" 4 8 566 * 46 % 6 6547



%

6 "

#

t 6E+ & &

5 "E%

%%

7 n

86 *

#&# O

62

L6

%

Sk

*1

* 4

1%

6 6

*414 §

%
%

0 )

6% 5"4 6

67 *"

4 mn

C %t

5

3 4%F



o)
" 5" % * & % 4" 3 4% 68 N OF

N O 5" DE 3 4% % ! 5666 "o

BN 0N  ON ON  ON (0)2 ( !

E & " B T ! F%» 866 8 4 3 4%
6 " "o "0 & 6" 67 44 %%
4 6% "™ N 0DE 4 R S ! "4 48 %
4 R "§ 6 4 " 5" 4 4" 6 * 4
"%'6" 56 58 6 8 % "™ *! 744 " * 4
% 3 "¢ * & ! B ! PFG
N o, 0E %C " 5 "6 4 & ! B S !
6 4" % C " "% & "&S5 " &S % &" *
* 6 4 % "FGN o, 0DE" *C W™ 4 "&5 "6

oo (0)2 (!

( E3 6 $F " 6 4 %" 4 4
noomg % 6 4 7 %" h 8 44"(
74 4 64 *44 i nomg xyg * 4
i " 64 6 8 "N 0N (O
E3 6 $F"E 6 i "o xyg F

N 0N OIN ODE% 86 * 8 4 3 4%% 65 %4 4 *

& " 6 4 " 6 & 6 4 % 66



* 4 & B S ! 6 4 6 & % 86

b4 % 67 *5 6F6

4 6" 5" 4 E ! & $F 6 %%
" 866 6 %6" , 4 3 4% 8 ( 4 &
R SN 5" DE5 % 86 * ! & $ 4
6 o6 ,P 8 57 6 & 5¢ 6 %6" , 68 4% (
5 % 86FGN $0N 0N S0 N 0DE : & $ 6

U4dh 46 %6" ,F6N (0N (0)2 (

component conductors contact areas
(1C chip 20) (transition layer 38) (pad 24)
12476V 78V 158 e 2 120 second surface
(90 50 { ) 138o\IX¢ Fae Jo0 e S po f
/ (¢ ] | L
e .
o0 '%° w-ranﬂzlaa %05g 20 ° 24 24 150 *First surface
hardened insulating polymer layer * baseboard
(interlayer resin insulating layer 50) (substrate 30)
; _! ’ ) 2 D 6G
#&# O 2
$ 4 O4ohd 5 I( -h e

) -A7" &6 % 6% 5¢"4 6# $



o)
-A6" 5" 6  F-+"" % 5§ & % "

SI g U 4 *4 " 4§ 74 E 7 *"5H"

%" 6 Woe % * & 4 "4 6"
4 *414 4 $% 866

74 4 "4 6 *§
& * 78" " 6

g U5 D "5 6 74 4 4
N 0N 0N (ODE &

%

5 66 6N OF 5" )2 |

% " 5666 4 *4144" ek N4 " o+
"5 0 5 "4 66 C 4t x 78" 6 "
* 6 "hte 4" g w " 4 "6
5 6 6FGN  ON ON ON O % C & R 4
"4 16 *4 " 65 W W * 4 4
4 4 <444 $F6 N ODEG &M W% % * 6
Eoo& Who %k * % 6 4 "4 %44 $
64 *4144" W % & & & W *" 4 " BFG
N, 0 & (
$  —A*8"C W" 4 ¢ % " &6 *E 8
% "t 4 ¢TI " W Dy "6ttt 6
68 " 6)-" "T7TW" Pt "3 ¢ " "7 4 64"
W " 66%WC " 6 4 % """ 658 6 4%

FooN



o)
$ -A 6" 5" W *4 4 *4q 74 " DFT

(GENO 4"7 & % D & 5666 4 *44¢"
" 6% 744 5 *" 66 6 "& 65 " 66
5 *"4 66 C b & * 7 8"5 4 "4 6 *i F

N 0N 0N 0DE ® *4 4 *l44$ 4

"6 74 &6 " (74 4"% ¢ %wC " * "h 6
446 4 " 5 3 5 ( R T 4
* 4 " ("6 " 6 4N % 0" 5666
% 6 6 & 4 4 *4144 $5 4 " (F6 & )2 I
N 0
'1

Faa N R A e i,

A EMBOMENE . DENERCICI AR
....................

resin 16

through-
hole 8

FAERTLRRE SRR R ]
TRRERRSIooIRWRIY |
i
i o
i B

- Y2 0 66
$ -A 4 6" 57 *g "D*7 < " (6 (4

E 6 4 %% 667 % *Y 4 4 *4l4% $F



o)
N 0N 0 4" e " 6 E %% k7 4 4

4 E"8 & R 4 F g * N 0D ( 6

E %% & (4 ""8 & R 4 FGN 0 DE-6 & 6 d &

Wh W * " WM 6 P 4 uh L (F 8 4 i
Eoool N ODE4 6 *¢ "( 6(5 45 R 4 F6
)2 ,
#e#t O $) .
$ O40hg 54 ' *

& " 46E3 3 % 144! +6¢ 06 8 .8 *4

6+ 46 6 *4 Foos=t ) * 7" 46
5 6% 5%"46/ 5 $
$, * 6" 5"ENQ % 54! 64 %5
* 4 % F" 4 " 6  4%E7 44%46 " F
;- ¢ 5" * 4 6" 5" % LWL "
"y 64" L% 6" 74 E 5 ¢ "
N * 0 5 66% 6 * 46" F ;-
N 0D L4 *4)2 "4 7" 4 % 54! 64
48 * 4 & 6" " 48 * 5 & " 5
66% 6 * 46"*F)2 D% 6 65 70 N0
DE "7 446 6 4x4y 6 |



i H % 4%46 " 4*4Y 6"4 16" 7 *
% 485 6" 6 R RGN 0N oN ,0)2
1 * Che "4 4 % ¢ "o & 86 6
4 4 4 *4 % "5 7 4 % 6 4
7 *% A 8 6 N 0D *
Y2 E " $ $ 6 $ 6 47 *%
6 5 6 5 6 6 5 8 % "
6 I % ", ,5 6 6
4 7 *Y% " & 6 6 8 6 "
5 6 & 8 * 4" 7 *h " FG
801a
8052  906a 902al
sozp1  |908a 902¢ 807a
904a
90201 / \/ 9 layer 3
902aal ﬁ\ _s‘ﬁ A & JANNNIZ AN 906 substructure
= NIE 906
90222 N / m 9%3‘; Zmb layer 1
902b2 oA \\ NN :908; substructure
904b e s=mamSesssses
901c{9°6° : N\ 909 layer 2
905 ’ substructure
| 904c 902223
9022a3 902bb3 | 908c 902c3 \ 902b3 902282
807¢c 907k 902bb2
FIG. 9A &Qm
-1 y2 D 66



#et 0 %
$ ¢ o0k 54 NG !
i BE 6 8 6 6 8 + *+ 4 6F
- () 7706 2 ( 6% 5.7 6+ 4 (
$( 6" 5"% 86 *E 6 68 "* " 6
% *FT7 4 " 6 5666 4% 8
4 W ot " 67 *"5 " 64 W 6 4
7 * a1 (5 4" 4 " 1% g6
74 45 P 48 % g * r )2

$ & 6 5 * 56 48 *
! 6" 6 & "4 EA4 ) " 6 & "5
! 6" @& 6 4 4 % " 8 5 H &
* 4 7 5 " 6F N O ¢ DE % & 4"
6 6 * 67 44" 6 & 6 4
VA % &4 "6 "6 4 4% 8 % 6 $ 4
6)2 $54 7"4 7" & , 9" 6 %

4 4



[FIG.

RSIG

8]

GND Line Signal Line

0

Signal Line

3lb 25 Ic

i I O T 133
/./ :-.':K./-":I /// 7///// :-5/ 400 layer 4
(AYV A Lasisloried / ( / A~40 | substructure
—1 T A ] 1
& | 213 T
T & 7 layer 3
/]/ = substructure
TV AV | VIV layer 1
ol [ Gl P 5 e substructure
/I /Il 1 - 1 -
S5
I layer 2
f ]/ V/////////f l’ ~40b | substructure
REISAIR O e
;-1 ()2 %D 66
$$ 4 6 5" 4 4 & %k & 4" "
& 8 6 4 4 & $DE *8 "4 ™4 *4
4 % & T4 " 6 6 * 4 6" 4
8 "FG N 0N 0N 00E 4 * 6" 6 4
" 6 & 8 7 * 6 "6 48" 4" 4
* 4 6" & 6 * 4 6" 4 4
* 602 Gé& 6 * 4 6" 4 * 4



$ "4 7 )2 $E & & F 6 4 6 8!

8 " 6" 5" ", ,5 4 U% 647 & "E 65
"% * o & 4FE"™ & 8 6 4 * 4 6"
74 4 6 4 * 64 6 7 44
* 4 6" 5 4 6 "* & "F N 0
Cht " 4 & 4 E4" "4 6 * 74 6 4
* 64 4" S & 65 60" *4 & "6 64
4 "4 & 4 4 ¢ "6 6764 4 *
& 6" " ©66F
- 3 4 356537 58659 - -
) 4 " e" 5 6 &547 65"6 8 7
40 % 6 " & 4" 64 % 64 &@" 6
! 6 6 58 "5 + 3
I &% 1107 "1 % 356537 586
59
+ 3 % 86 "N % 0 + 3 6"&"" & 18 6
S 6744 46" & "7 5 6" %" ! % 4
4 ) C % + 3 6" S5"E %% "6 46

566 * § % "7 4 &1 S R | & &



% 6 5 6"F ;=1 N O o" N 0!
N 0N 0)2 g I ¢t & "N 0 6
N0 4" " g 4 0 % "6 " % ;=1 (ICDE 4
8 "5"6 566 *4 " 6 % ! &
4 5" " 4" 5 6F6
+ 3 66 % 6" 5 "E6 § S5 6! %F b %4
& " % 6 5 6™ 5 " 4" )2 E5 AR
7 4" " %6 4 D * % " % * " 68 5 6! %
! "6F ;-1 N 0 1"6 766 6 Ch 4
46 4 4 b1 6" 4 *4" * 0% & % &
5 6" 5" " % 4 4 6 bW &
% 4" 66 "o & 6 7 4
+ 3 et oo 7 W7 4 %
5 4! 68 "5 4 3 & 4 8 5 T4 "4*46 " 44
% 6"4 16" 7 * / 7 648 5 8 6
% & " % 4 4 6 4 8 7 5
4*416 " % 8 6% 6 6 "t "8 *
6"4 16" 7 *
) C % * D %%8 % 56 '

) 3) G 3) "4/ " 7% 6* 4" 7



0

> SR % 54! 6& %5
* 4 % 7 44%46 " 648 *4*44 | " *
% %  64* & 54 ;- 5 N L00E
7446 6 4%y 6 | b
H % 4%46 "  4*4Y% 6"4 16" 7 *
% 485 6" 6 " % 6 * 7 *"5 % 5
L6 * 4%46 " 4*4 674 16" 7 *
% 4"5 6 66 4 LN 5
" g 4*4 16 " 7 *"5  F6N 0K "% 5
4 = 4 47 *"5" L6 " T
% 54  6&¢"P "h ™5 bl 44 & 50 &l
% 54! 6t 7444 % 6

7 44%46 " FG

, * 6" 5" C %t % S5 4! 6 &
48 * 4 L 6" ;-1 N 0N ODE &4 *4) 2
"4 7" 4 % S5 4! 6 & 48 * 4 U 6
48 * S & 3) 66% 6 * 4
6"* F6 )2 D% 6 6547"47 * 4 I 6" 7 4
% "8 $ 6 9 5666 4 8 nra



901a
805a  906a 902aT
sozp1  |908a 902¢l 907a
PR | 904a
902bb1 / \/ \
902aal \ i\ |_906
906
902a2 ’ 5050 %0tb
902b2 ’ | 902¢2
904b 2 L 908b
901c{906c }909
o AN NNV
90;82 13\ 802223
902aa3 902bb3 | 908c 902¢3 \ 902b3 002252
907¢c 907b 902bb2
FIG. 9A ;Q
;! )2
4 C W 5 * 86 4 / @
78 6% % D# % 96006 % 56 (3,
% 5¢"4 6+ 4 ( (e"™ 5" " 6 68 48 * § !
& 6" 4 § 6" 5 & " ;=1 (N
DE 4" 56 " C % & 6" 6 & "5
4 5 6 & 5 6" & 6
4 % 8 H 6 5 7 5 ¢ 6 FG
) 2 I & $D *E WE ¢ 7 *" 5" F 6
B0 & 6 8 8 "y *" 5" "F6 )2 $5¢ 74 7"



0

& 6" 7 4 " 6 § 566 6 4" 5"
& \ 0
FIG. 8
Gf%“i‘;iﬁncﬁgnal line Signal line
: 3ib 25 ,2 Ic
. -

] v . ~ 0
e N ST " 33
L PO 0y W Yoy Sl Bt R
. . s B

777 A7 7 B 0
%

( > 4 % C W " 5 *86 "=
th Uik % 5% $$ 46 # % 6
h5."46 )5 6 -1 $) =6" 5"
i "B "7 4 W g ] 68 " %'& 6
4 ] " 5" L SN o 0D

6" % " )2 ! "47 * E6 §&" 5" "™ B FG N, O 0

)2 I ) C %W )2 , % 6 65&78&" " % ¢§



o)
& 68 " , 6 ,i 5666 4 4 7 "S" &

D 6 6 &" 5" R

FIG. 14 -

176 102 186 423 114

176 | ;02' 136 ;22- 114 1gg
-1 $)2
A7 " 4 A*M*4 66 * * g% " 74 4
C 166 * 6 *4" ¢l 6 E 7 6485
58 " 6 "W 4 4 4 8 7" 6
48 " 5 6" 5" 6 " 6 5 6" 5"
U 4 4 4"5 416 4 6 % 4 "™ g
7 *% " 68 848" & "W 4 F ;-
! 4 Y% 66 6" 4 C (A ;-

C %% "& *" 1t " 4 E &1 6F " !
"4 7 5487 7 47 5 6" 5" ! 6 "E&

- Fp " 5" 74 4 " i "6 6E



" 5" FD " 5" 74 4 ! & "0

&trt4 "N 0 6N 0

metal-lined vias 46, 50

metal iner 82 ubatructur
L layer2
substructure
metal liner 78
3 %" 1"6 ;=1 )2 S D 66
$ +3 % 86 " & N 0 + 3 % 86 "
"y bé &6 * 5"5 6D * " 5" G 6
46 6 "& *hié & D * 6 & & 58 4 " 5"
) C % + 3 0" E 5 6"5" F E 5" F 6
E6 & & N'OF 58 4 " h" 48 * * 6
& % " 56664 *4 Y% 86 e
& "k 6 ;-1 5" N OIN ON (0N
N 0N 0DE 5 6 & & 4 P 6" 6 ¢

& " ( 6¢( &6 1M * % % 6" " 4"



o)
e 6" %C " "HE 4 " "y "7 7 4" " §6

4 PR & )2

+ 3 6" 4" " ¢ No "6 74
% ¢ 66 46& & "547 4 " 5" " 4 “E6 &
i F 664 & " 6(GF& *744 "5 6 4
64 & D658 4 "5 i 84 % 86 nyo*
¥
+ 3 5 D 4 5 "¢ *4 74
64 & " (,547 6% 86" 4 65"5 6 -
NoooN LM (©)2 ! +3 6" 5" 4 4
64 & " &6 *4 " 5" 6 % g
5 65"5 6" 4" %C ;- T R
8 N0 5% 6 & P4 P 6 6& & "
( 6( 46 1" * %y % 6"" 4 "%i& 6"
we ""P4 " * 4 gkt 46 6!
6 %C %" o+ % & " 5 4 " i 46 5
i 6 % 6""¢ 6  * % vvox
WC" 6 6 6%C"PFG 48 % " §46" 5"
5"5 6 "E%C5 6F E * 5 6F E * 5 BF

;! ! DE4 5"5 6 5 C % *"™ 5



o)
6 %C 5 6P §&C3% 64 % * 5 6 4 "5

"t 6P/ " * 5 6 "5 "6F
+ 8 +3 s " "6 4
* 64 % D *  * 6 % "6
;-1 5 N 0 & DE 46 % 6 * 5 6
48 *  * 61 % PFG 4 4" v oy
Eo40 % @6 % "5"5 6 ;! 1 (
E? 44 6 4 8 5 6 5 67 44
" 6 % " 5666 "6 F !
+ 3 % 86" 46 6 "L *%i & D *
6t & 58 4 65) C % +3 6" 5"6 i
¢ DGD* 64 & " 6(GEWM 6 476 68 4
* 6 % F 68 4 W " ;!
oo 0176 766 6 CY 4 16 6
8 7 +3 / 7 648 65 " +3 i3
6" % "4 7 4 764 & DGDL *7 44
6 & DG 5 "658 6 5t74 "5
% 86 * 64 % 6 7 4+ 3 i3
4% ;-1 N O0E4 46 & HCUPRN 0

N 0N 0 4 / 7 648 5 8 6 " " *



6 & & C % 74 %6 * 5 648 *
5S66 6E * 6 & % F 6 7 4+ 3
4 * 6 % 86 "% ! 6"* 48 * 6 64
D % 6"*6 6 4 6 * "7
88 7 % M o*" G 4 4 / 7 648
*164 744 % % " 6 44 4 "o
%6 6 & 8¢ 8 "4 % % 86 %k !
74 4 6 6 6 ¢ & D * 5 %%k < "
6 & 6 dé 4 " 66 & 6 4 6 % "
* 547" "4 "& * * 74 " *h 6 & &

% 6 58 4 * 6 % 64 %% " 4

hardened insulating polymer layer
(dielectric layer)

S e
g
(o, e"s e s u e s el O
B e RO
e bes RS
i e
PR _:-5‘5- e, .::‘--':3 core 1 2
B S R R R e
R ST Leasatatets
€ ¢ < ?3?". < < L] < €« € s
EREREY 57> DEDEDEDEDE D DERE DD DE IS
€ ¢ < f232 € 4 4 € 4 40 g 6 € € €<
> STSLS ","‘H?,,' 3
5 e A e o NN
Sneary -!1". E LR el
PP - SO R ) %0 OO

additional dielectric layers
3 %" 1"6 ;-1 )2 S D 66

+ 3 ("6 & & " 6 e &

*E% § % 6"F ;-1 N 0N 00" 54



0

6 & " 6 & & "E &6 11" * % %
"4 "% g 6" %C " "% 4 " " "7 K% /
"6 4 P 4 * gt 4 T AFLARE M
46 6! 6 % C % " P4*4 % 4 %6 "
64 & 6 C 4 * *RG
, + 3 4 6" S5"E *F4 6 ¢ & " %
ECh " 4 6% "™ F E" 5" H 4 *" hF N 0
/ /7 6438 *164 46 4% & " &6 *4 6 ¢
& 58 4 "o 4"4 6 64 * 4" * %
4 4 7440 % 6" % 4 6 *
% & & 4 x4 * ;-1 I DE 4 % ¢ &
4 6 6744 6 *3  *x* & % """ 4
4 % " 8" %6 " 4 4 4 4 6 4
% § F6 & 8 & 4 % " 7 44F4* ™ " %
) " *6 4"4 6 6 74 & 58 S5&7 "™
%
4 8 + 3 66 Ch "¢ 6" 5 4
5S"5 674 4 6 / 7 6485 % % 6 &1
5 % C &) C % / 7 648 5 8 6
* "5 6 %C " + 3 0" "o

6"

4 n

P



0

4 6" *4 "X ™5 6 %C 5 67
6 7 48 4% *g =1,
00" 54 " "5 "6 %
% 4" 3 4%WE &6 %C "1
h ok * Bt 4 Rt % C
% 1% * 4 W *x 674 %C " .78
@ "6 % 67 *"5 " 5 "GFN
N L 67 4 % 1 *
i" 4 K™ 4 445 w *x 67 4 "
"e m4n ROl ;=1 (D5 *u
(! ( O % 54! 64 5 6
"¢ 4 P 5 6 "% C
nyooko 4 4 *
4 78 5 F ¢ (- N
5 % 4 6 7 1648 6
7 & 4
( +3 % 86" & N 50 + 3
6 8% "D * ke ., 4 W "6 6
$ 447 "66 4 " * i)

S 478 7

5

*%

6% &

0 DE
74 4
nogow
G
6 4
b 6
&4 "
(0

%& 11 5"

*& mnmn

OIN

% 86 "
bé

C %% + 3

6



0

6" 5" i Do i 6 4 wWh "6 " 5 6
6" "6 F 6 & & 6 B D * EW 6 & (F6
447 "6 4 5 6 o L N0
N (DE+ & ", 6( % & 6 5 " 5 6 8
P4t W FG 4" T 6 N O0DE &

i P 5 Wb % 4 % 67 4 " 5L %4 "
" 8¢ "4 84 CHh" "S5 " P x4 T
P 5 W4 65 4 * 68L%4 6" 6% 6 &% &
P" 4 "5 N " 4 * 4 H "OFGN oN  0)2 !
4" 6 4 + 3 % 86" 4 & 6
"y ke "% 8 " 6" ™6 4 LU g N0
K= 6 74 44 " g 6 64 & "58
6547 "5 5 % 86 4 6 "¢ * ]

& % 6 bé , 6" % 6 dé $& % 86" 4
6 6 8 % 4487 "6 4 "§& * bé 4
6 % " * bbb 7" "A4r * 7 4% 6

e ", (, $ 54"6" 4 "¢ * b é



hardened insulating polymer layer

(dielectric layer)

< KR «
1es SENERERERE R
»

- € ¢ € ¢ ¢ 4
= 2 r >
. s B

H
LR
o

core 12

66

$ +3 % 86" & N 0 + 3 % 86" &

5 66 6

D*E*E & " * 6@ %
% F 6 5666 4 "& *
E 8 ,F 4 "o C 4 5 66 6
"D*E 6 % 6" (FG o
5 ** " 446 6 "& *h

i 58 6) C W +3 6"

6 & % F E * 6 %

8 4 " 5" ;-1

bé

6 4

o"E

5"

&

*



N 0N $0DE 54 4 "5" ! " 6 5 48
8 * g 8" 6", )2 P 4% 5 6 * 6
% D > """ Y% "6 " 6 3)

8 &L 6™ "6 4 8 , ""47 )2 F + 3

Cwt " 4 * 6 % 4" % 6" 8"
D4 6 " " G N 0N 0DE 4 * 6
% & 6 6 6" ( 6 5
R * 6 % PFG N 0 & "% 8 %
6" "6 4 &t "N 0 6N 50 4 6 & & 8 4
"o {8 4 5666 * 6 % 4" 4
4 % " 446 6 "6 *h &
;=1 N OIN 0 4 6 % " * 547
S *

contact areas (pads 26) hardened insulating polymer layer
on a first surface of component 20 (dielectric layer)

core 12
integrated circuit
component 20
3 %" 1"6 ;- 2 S D 66



1"6 766 6 CY 4 6 /7 6
48 6" 64 * 6 % % "
16 4 "4 7

6" 6 68 "D* " " 6667 6%"™8
% "D* T " 6 " 6 % 6 " @"5 6
* 6 " ™ & 68 6 "T4 B4
% " 5 6 o 6 7

+ 3 % 86" & N 60 + 3 i §6"

% * 446 6 "& *hi & D * 6 ¢& &

8 4 % G 6 %% 4 % *"D * E ¢ F 6
%% E% * FG * 4 & "5 7 4 "
D * E% 6" (F6 4 64 & " 4 6 8 % !
D * b ,6 74 4 %% D T & 4 b

6%" 6 %% D * E¢ & %  *F6 6 4  6%" 6 %
D*EN™F% * ) C % + 3 6" 5" *EW® O*F
4 "5 4" 68 * 44 4 *4 4 6 ¢ & D06 58 4

* 6 % E Ch"™ %6" ( 4 * 6



0

% F ;=1 N 0)2 + 3 Cwt " 4
EN 0%  *" 4 e 67 4 " 5 &0 * W% 6
& & 7 4% 6" (F 5" DE% 6 * 4
* 6@ % B A T 8 48 * e *
7 44 w ¢ P& " e 6 % * " 6 4

N6 & & " 58 4 % 0 Cu"™ & "% 4 * 06

i th 6 W 4 Bo* 4w x4 "
* 64 %  FGN  ON  ON 0 & OE T
"6 % * 6 W6 4 " * 6§ %  F6 OE
P "% 6 74" 6 &b * "6 % G ) 2
4 7 *d 67 4 &t ., 6%6" ( 4
% 6 4" gk * "y i 6 6 %6 (
D 4 6 " 4 * 6 % 6 &l
D4 6 6 8% ' 4 6 %" * 547
groom4r x "7 x g 4 % * D 46 &
i 58 4 * 6 th 6 x5 44 % 6" (
4 4 6 4 % 6 4 , 464 & 58

%

4



0

copper in contact openings
(metal 72 in openings 70)
hardened insulating polymer layer
(dielectric layer)

.......

integrated circuit contact areas
component 20 (pads 26)
3 %" 1"6 ;-1 Y2 S ) 66
1"6 P+ 3 4 8
+ 3 "6 " % 66 6 4" / 7 648 % 6 5
%4 6 4 & & & "5 7 4 %6" 4
% 64 % 6 & & 4 6 ¢ & 4 " 8 4
% 1"6 766 6 C% 4 6 6 &
+ 3 / 7 648 6 " 6 6 6 58 "4 74
4 * 6 % " 5666 8 ) 4
" 5" D" & " 6 * )2 ' 6 6 " * 6 ¢ & "
% 866 58 4 " 5" 0 6 4 5 66 6 % G 4 &
% * D4 6 %% 4 %  *"C& 7" % "
4 *4 4 6 ¢ & 04" 4 64 6 6 "& *%& &
6 Ch" %6 ( 4 % * g i
57 %6 (D4 6 "6 4 0 6 &4

D4 6 & " 4 6 8 % "6 4 6 ¢ & 8



" 5" 4 / 7 6485 8 6 6"
48 4 55 8 4 5 | i x4 7 44
"4 5 674 4+ 3 Ch " "
;-1 5 N 0)2 &
+ 3 Cwe " 4 B * 6 W 4
% <" D4 6 W 4 % oG " "% "4 6
E5 4 5 ™ 64 & W *F ;-1 N0
/ 7 648  * 164 EL & W *F" & 4 |
W, * 4 H 64 E"™FD4 EoATeW x4 g
W, * 4 H S R S 68" 4
6% " & i 6 8" 4" 0
8 18 " " x4 5, 5% 6D4 466 6 4 6
D4 66 ) L S S S
W o* ™ § LMW *6 " H C &4
6% " i " "6 § " 4 g 4 "
5 7 4 W *"y 64 5. 5% 6
1
+ 3 6 "5 "4 NO 4 LW 6
" " 658 4 4"t N % 0DK= G4



" 5" 6L "5 D 4 6 & " 7 5 6

"5 "% 4 46 b @ 6 4 4
(%6 * 4 D* 4 *A4 k" 4
67 4 4" 5" LoD ko, 8, , (6

6 b 6 % *YD * ik " $ 69  * ( 6%$6 6

¢ 68 "D * 8" $,( 6 6 4" 5" & ) C %
+ 3 6" 5"E e 68 ",( 6 F *" 6 8

6!14 *4"E 65 684 * % *™4 >4 )2 5 6
o5k F 4" i 68 "% 86 & & 5 7 4 &

& "S54 7 4 % D * % 6 e (@ $ 64
b é 58 4 % D * % 6 bé ,0 ;=1

N 0) C %W 4E% *™%"™\W04 *4 e ", 6, 4 *4

6 & & " 6 4 *4 "6 ¢ be " * % 6
ke ", 6 ( 64 *44 F N ODE 4 % *
8 ",( 6 fé 6D * W% & 667 4 e ", 6 5
S5 % ™" 4 "5 1g"™u S) 7 44 &

W *74& 7 4" " 6 4 + &4 ",C 6

% 5% " 84 6" 4" 5 & & 74 "6 ¢
" * % 6 e ", 6 (PFa
N 0DE & " 8 "™ *4 *4 4 5 6 4 " "5



o)
! 4 " 6" 5" " FG N SO 0DE % o 6 &

i 68 "FGN ON  ON (D "5 "™ 5 P " 48
6 x4 <48 "* @ " 6"$ )2 F)2 (
! N 0D66 & & i 4 " "t o4 E
Wi 65k 68 " , 6 $P & i 7 4P ik

, 6 (FG / /7 648 6 " 6 6 6 58 " 4 74

"4 64 &L ""658 4 "5 4" @ 68 "%™
4 4w, 4 R 4 "5 4 %44
"5 66 & 64 *4 1t ( 6 74
+ 3 o4
, 66 & +3 6" 5" W 6% *74

64 & "Ch"6 4" " 4 5 674 4 W 6
8 "6 W™ 4 4 b4 "5 7 T
546" 4 " 464 & " N 0D 66
% *" %W & 66 &% * ( 6% 5 "% 84

64 *4 ™ 864 & "( 6(67 "6 &
QD * % 6 & ", 6, "% 8L /H *
( 6% 4 i 65 8 W% ™ W 84 67"

to"$ 6% % * (6% 5'H & ", 68

5 6™ "6 6 & & "(C 6( 6% 6" 44 "6 &



0

i ", 6% " 8¢ W6 "6 & & ", 6,
" 84 5 64 *4 4 " $ 6% FU S
N O0DE & " e 65t 68 5 64 *44 i
L 4 *44 "6 & 4 6 W6 4 Bt F6)2
4 6 %" * 547&" "4 4% 6
" * 74 7 5 6" 5" " D "5
6 & "5 6" 6 % 4 4 6§ i
6 4 4

metal-lined vias 46, 50

[ layer1
metal liner 82 substructure
L layer2
substructure
metal liner 78
3 %" 1"6 ;=1 )2 S D 66
# [} !
( +3 % 86 " & N,0 " % 8 "e" "6 4
g " & N 0DK= 6+ 3 6" 5" " 6 & &
" 7 4 * 6 % "D4 6



4" 6 6 "5 " ;-] NooON 0N 0
4 + 3 Ch "™& 6" 5" 4 E 5 648 * § "
* 6 g % F4 5 6"&" * § " 7
"6 4 "g o * ¥ NooON 0N ODE
4 * 6 % " 485 " 5N 06"% "6
74 6" 6FG §" E" 6 * 61§ % FG
) 2
) 4 + 3 " % "5
G $ P4 *E % g i
% "F EW & 44"F & "5 N 0DE 46
5 * g 6" 5" ™ 5L 4l " L 4% 6§ 6 *
* 0 g ] % "48 * % 6 6 4
Pt 5" %o %" 6 F6
$ -8 +3 66 Ch ™i 6" 5 & "7 * 6
" "6 "64& & "D &6 * 6 4
5 6™ 51 5"6 74 6% 6 Ch 4 6 /
7 1648 64" 8 P 5 58 "5"6
+ 3 grroxx
) C % ( 66 i L6
E * 63 *"7 4 % 86-+ 34 " "FE 46 % 5



0

6™ 6/ 5 =DM 8 " 6" "6 4 @
N % 06 6-A & 3) 4 7" % 678 7
4 w6 7/ 56 % & " "y F &
& "™ 5" ;-1 N L, 0N L 0N L, 0N oN ,0

Y2 v e, LC L0, )2 (R

o" DE 4 *414% $% 866 g " 5H" D
5" 6 74 4§ % " 566 6F6G N (0DE 4
4 & % 46 5 & 6 %"™8 % h

"o "6 et 6 """ 6 8 % "4 e T

W "Dy "6 "t ot 6 68 " 6)-" "Tu"
24 "3 4" "7 4 64" W " 66WC " 6
4 % """ 658 6 4% w'ooog
% " 5 5666 *4 4" 4 *444 "
t ) 2
+ 3 i 66" 5" " P % " 1"6
74 6% 6 Ch 4 6 / 7 648 * 164
% 6 5 5 " %" * 7 % " "6 4 g *
¥ 48 4 i LW % "6

% 8 % & 74466 *" + 8 / 7 6

48 46 "5k Ch ! o6 " e I



87 +3 g Cyp R % o o*  Lw % "
6 % P %" nyoox o7
i 6 7 * 66 = 6-4 5 xy i 6
6 4" * 5 i -1 SN0
N, 0N L 0N 0N ,0)2 L =t (L
(@ )2 I 5 N (0)2
$ " !
+ 3 % 86" & N O " %8 "6" ™6 4
B N %0 64 N,0K= 6+ 3 6" 5" W §
* 6 hooo" g i 6 4 4 4
5 6" 5" 1"6 7665 6 Ch 4 6 6
8 7 + 3 / 7 648 6" 6 6 658 "4
"4 * 6 % oo 4" 5" 6" 565 + 3
i6 & " " " %
* 6 "6 " 6 " 6 68 " "6 % oo
%4 566 6" " 6 4 1§ 6 8 ;-
No$0D 5 %y 6" 5 *E "§ " 6 4 %F
C W 4 k4 " 5666 "g*UE 6
=l ,) 5 *u 6" 5 *E 4 F" C %
E3 4% FoN QN (0N 0 4 5"6 74 6%

((



7

%

&

6 Ch

%

64 8

P

% LB}

% 8

6

6 &

4" 5"

"7 4

4" 5"

4

% 6 &

6 %

* 16

4

+ 3

46

4

6" "6

% " *

5 6" 5"

i

&

4" 5"

6 8 7 + 3 / 7 1648
6 0 4 166
i io6 % " /
% 6 505 Ch 6 * 4 L6
"} *68 56 *"
1
6 " & N( 5 " P4 "
4 4"t g N %0 64 N O 4
5¢7H#" "' 4 * 7 44
"D o* g N 6 % 4 4
4 4 4 *44 X 4
4 4 64 *466 & &
6 M 6% * 6 M 68"



0

metal-lined vias 46, 50

___ layer3
metal liner 82 substructure
-
L layer1
RRERRRRRRCSHRROOIRIR : substructure
i
metal liner 78 3 R : s \— layer2
; ‘ < substructure
3 66
74 6% 6 C% 4 6 6
8 7 + 3 66 * 66 & & " 5" "
6 6 % % """ 4 "5 6 % * 4 "e" 6
& 8 * % &7 " 5" "ox 7 4 H "
& & e
, + 3 6 " 58 " & "N % O0IN 60 & "4
n n n n 6 n mnmn 6 % 8 ll& 4 & m n & 1] N % O!N 60

(€



K=
448 " &
+ 3
6" "™oe%h 8 "
( (G
( +3
6" "™oe%h 8 "
K=
) )

4 "¢ *68
6" "6 58
6 " 58 " &
4 &t
6 " 58 " &
4 &t

0

&ge6" 7 "5o"
N $0 & "4
"N 0 6N (0
N 0 & " 4"
"N % OIN 60
(

6 & N $0



+ 3

6" "™ 6% 8

*
$ + 3
"e" "™MO6% 8

6 & & "

+ 3

6" "™o6%h 8
6 % "
%
% 6 bé

6 8 %

6 " 58
& 4 &
6 " &
" 4 &
*E%C "
6 " &
" 4 &
* Sb7u"
D4 6 &
, 6% 6
5 4"6 4

N

&

0 58

&

n 4 n

bé

"k

N

*

0

"N

"N

*

(D

P4
% ON 60 6 &
P4
0 * 6 *+ 3
0 K=
g4
S0 0DK= 6
74
6% " 65 7
6, $604
TR

4

6

6



!& mmn %&

6 4

6%'[

/

4

4

&

6

7

%%

4

&

Ei :’ core 12
integrated circuit
component 20
3 %" 1"6 ;! )2 S D 66
+ 3 6 " 58 "4& N,O % 8 "t 6" "6
& N 60 DK= 6 & & 6 %% 4
D4 6 %% 4 %  *"6 ' % "4 6
3) k"™ 6 & & W *F ;-1 N 0
*§ % 86" 4 6 "¢ 4 % 6% " 6 %%
& %  *% 86" 4 6" 6 & & 4 86
%% 4 "¢ 4 % 6% " 6 %% 4 "
648 5 % %Y65"6 +3 "6 " % %%8
44 4 & 4 B 6%" 6 %% " %% 6
4 % 6% " 6 %% 4" 8 & 4 H 4

hardened insulating polymer layer
(dielectric layer)

e
i

.
]
o

X .
e L

e

e
3

e

4



5 65 ;-1 L, N SO 5" N3é ,0
N 0N $0DE 4 " & ! 6 7 & "FG
N 0N ON ,00E4 " & 5 4 65 & 6 *FG
N 00E?4 4 " & ! 65 "5 8% "™ 4 &
&@ "4 65 & &g & % o %" W *4 5
6 6 %% &> "8 1 6 3% "% Sk
"6 4 " 6% & &% % " 6 4 4 4
6 & 74 4" 5 6! % 64 " % " 6% &
%% FGN  $0 N ON 0N 0ODE& 6 & ( 5 6 4

(I S5 4 8" % *D) 2 DICP 3 %% "% 5% " 6PFG

N $0DE & & % 6 & N O 4 ¢ &% 6 & (FGN 0

E " & $ 6 wWe FGN  ON (ON (CON  ON 0
)2 -1, " 5 6 66 & 4/ 7 16
48  *16™ # 7 6" W™W * 8765 & &

e * & & W * % /65 W™ * -8R * & /76

S5 & @ % *7 " Ve 8 4 H * 0%

6



0

+ 3 6" & N 058 ") C % + 3

6" 5" &4 D 46 *4 6 %W 658 4 5666
* 6 t 6 &b " (, $5474 5666
* 6 0 ;-1 N O(QDE+ &k ", 6 (

% & 6 5 " 5 6 8 o4t w4 i

i ", 6( 5 " 846"M"6 4" " 6 55

" B "4 5 g W * " * 4 18

6%" D3=GF6)2 1"6 8 7 + 3 /

7 648 6" 6 6 658 "4 +3 i 4 T

6 464 & "T7T44r" * 0f
1"6 74 6% 6 Ch 4 6 7/ 7 16

48 6" 6 6 658 "4 4" TR Pog

" 5" L6 * 6% "4 % 86 4 i% D "% 6
% 86 5 L—+ "4 16 * -1 ,D 5 *Y ¢

N ODE 6 541"66 %% 166 % P &' 5 " 6F

6 8% & " ENO" "5 " hooox g
% "™ 4 " 3 A%FN  ON 006" 5 *4 4
6 "6 LoLE™m 64 6 & &

% ;- D 5 *4 6N 06" 5 * x7

& " 58 6547 5666 & % ! S



n 5"

&

R

74—+ "4 i * 4 *44 6% *
™6 4 & Wh ) 8 EI "M@ (4
4 FGN 0D "¢ *§ "P 6 %C 67
6 3 i L% 58 4 4
"5 RN ON 0)2 DG
4 4n " "t 48 % @"6"
4 74 4y Wy v "4
W€ FE & & 6 G(E4F 4 * 5 ;-
DE;< ) = %d N0 6 4 " D
5 6 K765 4 i * %4 %4 i
C W% M * 4" 6 5§ * 4 %g
4 5 6 % 744" & 1"gD
% "W 744 6 %™ 64 P4
03300" 3 6 "™& F)2 #$,,! D *
% & 6 % 5 6 4 " 4
% &. Y3=P )2, P % 5 6
74 4" 6 7 44 x4
6 8 Y% b % 4 4
547 4 6 48 % 6" 5" " ¢ %
E & F 45 "6 4 5 6547 4

*

*

5
"8 ¢
* "P

" & *

%
IIE &

» 1 (

“ P 4

R 6

% n 4 11

)2 , EP



*3yD2 ) ,, ! D i
& 1M™g&D*  RG % " Opg
64 P4 %"4" 033)00" 3 6

E & & P44 W "% ™54

F6
% )
.+ 3 6 "5 "& N(
"% 8 "¢ B6" ™6 4 &"" & "N O
+ 3 "ow " (, 6 %547 *
65 E F GEW *F %% % 86"
K=
& &
+ 3 6 " 58 "N % O 60
"4 %8 ¢ 6" ™6 & "N % O

*$

7 44

&

L] &>

6 547 4

FG

n 4 n

6N 0 &

6

60

&

Eod

%

K=

%



&
( +3 6 " 58 " & N0 8@ " 4"
"4 % 8 "¢t 6" ™6 & "N 0 6N (0 K=
? 3 4 3688 - e
6 =
) 4 e 5 6 4547 65"6 8 7
4 0 % 6 " & 4" 64 % " 64
/ /7 648 6" 64 4 4 * + 3 6-A 6
& "l 58 "
/ & ! % I &% 11 - 2
$ 1"6 766 6 Ch 4 6 6 8 7
+ 3 6-A / 7 648 5 8 6 %6 "4 6
& 4 "6 7" 4 8 744 4% % 5666
4 6 7 4 - + 3 /A % 6 5 6
4 8 7 5 ") C %t / 7 6486 " 5"6
—Agr FE 4 4 % "5 & R B
"o E¢ """ % 5§ C & & * 78"F E 6 4
* 65 4 * 4 & %
6 E" 541 4 & & 4 "4 7 4
" SA 8" 4*4 & 4*41"% 6 % 6 % 86
& 54 - N 5" O N 0N 0IN 0bE4 7 *



o)
4 7 *i % " 8 *4 % * 4 4 *A44
" 6% 4 "¢ *"DLH" gt " 8" "4 "4 6 *& FG
N 0N 0N 00E? *& " ( 86 *7 *¢ " ( 6

74 4§ "8 ""4 6 *i 6 4 %% 667 % *

4 4 *MA L SFEN ON  ON L, ON L0 & ()2 0 ;-

% 4" 3 4% 6 % "7 46

, 9" N (0DE
" 5 6 6 E % 67 *" 5" 7 44%4
4 5 5 6 FG N OIN 006 " E4 *41"% 6 % F
E4 *4 ¢ F % 86E 8 57 6 & 5¢ 4 6
6" 68 4&4"F"4 67 *& *4 6 6 6& % 6 G
4 5 6 6& + 3 8 7 -4 -+ "4 {6

& % " 6 %% %% * & 4 "4 6" & * 78"D *
"4 46 * ¢ G " 6 " 4 8 D* 8 ,6

4 " 5" D * 65 ox * 6 %

D * * 6 % G 6 7 4-A0" 4 *

- NoooN 0N L0 0N $0)2 1 g L
ON ON O ON ON ON  ON 0

NoooN L, 0N L0 8 ()2
"L * 44 5 6 W "4+ 3

@" "okk on "

% " * 4 % 8 4 "o D * 8 ,



" 5" 674 666 4 * -+ G4 16 4
5 6"° 6 7 4-4 NN 0
D66 464 & " " g L6 Y
68 " % &5 4 6 %" * 5¢7u" "4
* 4 5 6 614

core 12
integrated circuit i
component 20
3 %" 1"6 ;=1 )2 S D 66
, + 3 6" 5" * 8 4 4 " 1%
47 )2 ;-1 N $0DE 5 4 4 "5
6 5 48 8 * %" 6", )2 F
+ 8 / 7 6438 *16 6 6 58 "4 4
5 648 * g8 0D * ""47 + 3 ")2 67 648
66 46 & & et 4" 6 & & (
6 (, 5 4 8¢ *7 4 4 "% 8 e " 68 "
4 "¢ 6 6"84"6 4 4 56 "4t )2 | 6



& 66" % " + 3 " 54 8" 66% 6 * 4
* * 6 & 6" ;-1 N 0N OIN 0
D &7 *46" % " 8 " 56 )2 | 4
6" 5 *4 ENO 4 * 6 % " 48
5 " SN 06" "674 6" 66 & & 6 S)

" 84 W 6 P6 & ¢ "(C 6( P 6" " 6FG

, +3 6" 5" L 8 566 * 46"&" 6
)2 6 74 4 * 6 %  "6"% "6 8
: " %6 " 47 Y2 14
566 * % "68i% 4" " 5 Y2 64
hoox 4 "" 6 65 4" ke 5 &
=L 0N Lo 0)2 M K=
+ 3 /8 8 7

/ 7 6485 % % 6 &l -+ "4 6 * 4

& & % 6 5 674 5666 % DA T
™ 5 %CD™* "o '6 & &' 6 7 4
-A " 6" 5 6 & 4 W87 *h * %" & %

4" 4
.o )" / 7 648 5 8 6 5 + 3

6-A % 8 4 678 7 % 5% & *



"65 C &4 * 78" 6 5
N % " 6 " 5gl
i 4 4
, + 3 P06 46t * g % "4
* 6 0 8 " 5" ;-1
N 0DE 8 5 6 4 Ch"6% "6
"o 6 " 6 * 614 0 56" " 6
4 8 FN 0N 0N $0DE 4 56 4 % "
8 54 4 "5 v "P 48 8 * &
g" 6", )2 4 8 , 5 65 54
4 "5 @ * * 64 * 4% 5 6 *
0 P 5 8 L16"%"6 4 8 ,FB)2 |
" 1( " %8 "6" ™6 6 4 +3 * 6
+ 3 % "5 74 4 4 *
W4 i % "F E W &  44"F " 5"
N0 K=
( + 3 Lk 6" 5 LW g
% ot 4 4 4 5 6™ 5 6 E4%*4
H 04964 "F ;-1 NN $oN Lo 3=,
1$D 5  *u 66 6" 5 *"" %54  E4*4



0

H %%6 "FOE-+ % 5% "F" 4 "E" & *
6 FG
, / 7 648 *164 "7 % 5&
7 4 % 5 ¢! 68 " 64%*4l6 " % *7 %
7 5 4 3 & 4 & % ! % 6
"¢ *5 6 5 "¢ 65 C & & * 7 8 6
& 65 "o 65 % "6 4 & % !
" 86 65 —-A ;=1 NoS" el 5 *%

6" 5 *E-+ % 5i "FE6" %8 4 % % %
w "¢ 6 4" 4 -+ F 6 "4§ E—+
@1 "4 6F &6 *58 547 64 *4 "6 7" 8
6 * ¢ w "6l ;-1 (N 0D 5  *
th 6" 5 *E'4 86 * F* " —+0 - ¢
1 D 5 *y 6" 5 *4 "  E'4 464 F E4 16
" F" 4 E "6 " 4 4 i d 6 "6
4.4 " oxv 4 &% "5 R -l o, 18
D 5 *u 6" 5 *"" W54 E4*4 H 040t "F
E-+ % 50 "F" 4 "E" & * 6  FG
$ /7 648%6 514 6 7 6" 4 4

S L T e e



o)
6"&" *E-+ "4 &6 i 1 FEC 6N *0 & *4 "6 7 & 8

F6 -A% 86" Ve 4 H 4 7 6485 * 16 4
E" 541 4 & & 4 "R 4" ;! o"

N 0N 0N 0N 0N 0N ON 0N ON , O0IN , 0 &

()2
, 6 7/ 7 648 5 8 6 5
+ 3 6-A5"6 -AE"6" % ™ % C & 6
4 4 4 &4 4 '6 & & "4 e
68 -A6" 5" % " o™ s "r4%C " 74 4
/7 648 5 *16 "5 8 &¢16 + 3 "6 8
4 5" ™ 4 ! ;-1 N oN $0 5"
4 6 5 *+ 3 6-A7 648 5
%% Ve 4 H "D * -4+ "4 {64 4 "6 7 &"
4 *4 44 8 % 866 g "5 % *
& % 6 7 & 6¢&"" D+ 3 0"
b & % 6 5 648 * 8 , " 5"
6 & % 4" * 6 %
S 7 7 *& "6 1"6 766 6 Ch 4 6 6
8 7 + 3 6-A / 7 648 46 " 5h
Ch% ! "6 *+ 3 7 4-h 5 ! 4 " 4 !



57 4"" ") C W 5 4+3 6-46" 5 &4
7 5 67 44 % " 5666 "6 44" 8 "
"y "5 ;-1 5 ;- 5"
1"6 v"t /7 648  * 164
Wh - ATt R " 4+ 3 " 5 67 6 48
" L & 6 46 64 "o 65 + 3 "
5 6+ 8 5"6 7L6* 6 Ch 4 6 7/
7 648 6 4% %"6 6 " 5" %4 7 6"
4 6 "7 16485 o 6t *4 5 66 * L
4"67W 4 8 -AtL 66 " "Tav * 5
k64 " YA "< " -+ % 5 "7" 7
;-1 ,0 5  * 86 474 " E=+ Wl
"4 6F & *4 "6 7 U 8 6 * &
% " 66 " -+ % 5¢ G
4 86 -AE" 4 * + 3 ¢4
E 8 F 4 H " E &k *F8 "8 44" 6% *
"y o*n B 4166 * / 4"% 6 5 *
-1 N 0EW% * 8 "P e 6D * Wb L 667 4
i "P 1" 5% T 45 gt 5

7 44 & % * 77 4" " We 4 FGN 0



DE/%  *" P 4 e 65 8 &% M "% 84
6 "% " b "P % YR & 4 "ot 8 6 58 4
4*44*4 4 + 3 6-A o> " 4 " 46 6 8
6% 4 %" % 5 " ™ 67 4" 6 % * *
6 *
I &% 11 - 207 "1 % 36
88
"4 7 4 4 + 3 - A 5 74
% 6 56 5 6 & "4 """ 56 58 6 " 58 "
&l 5 ¢ +3 -4 6 " 58 " 6% 6 &
6 "6% 6 & "7 4 6 &l & % 5 6
" 5" " % 4 4 4 "6" 567 4 & "
, + 3 -4 6 " 58 " & "N% 0N 0 6N 0
& "4 et "™oeun 8 % 4 et "
N% 0N 0 6N 60 K=
66 4 "4 % 8 "e" ™6 6 4
+ 3 * 6 & + 3 -A" " " ) C % -A
% 86" Ch " 4 * R S S T 6 %C
e O " 6" 5"E4 "§ *"5H" 5 6 ™

$,



0

7 8 5 " % " o™ s " 6 " T 4" hC

" F ;-1 N 0 5" - A 4 6" 5"4 E 66

4 *"™ % Cc " % " t6" 56 58 4 "§ *"D5H"
S 6 *"™7 8 5 " % " o™ 5 " 6
4 " % C & 6 1 48 *" § 4
o 4 &' *4 L Ché¢ 6 " % "™ *F N $0
( 1"6 766 6 Ch 4 6 6 8 7
+ 3 6-A / /7 6485 % % 6 4 4

4 8" *4  + 3 0" 66 & & "5 "

% " ¢ ™ 5 "7 4 %C 6 7 4 -0

4 * " 6" ™6 58 4 4" "ATE 40
% " C %t "7 5"5 6 ;=1 , 1 DE4 5"5

5 C %% *"™15 6 %C 5 6PFG
4 4 / /7 648 46 o5k C%

" *4"% % "6 6 4" "5 "+ 3
-Ah6" 5" & @ 68 "5 4" *H%C *
"o 4 " @ % " "85 4 6
7 648 5 %4 65 " 5" 7 4 ’ E=-A &
6 T4 * 5 " "o



$ + 3 -4 6 " 58 "¢ N60 4 + 3 -}
5 "o* 6 % "t 6 44D * 8 6
4 5 74 4 % 6" 45"5 6 4 § 6
"yo* X KB D+ 3 -4 5 6 ) 4
+ 3 -4 46" EoAD* Wh W * & 674 4"
6 8 i 6 4 " 6 8 *4"67 4
4 8 ., % 86 "6 *iL * " -+ 6 7 4-hp"
4
1"6 't + 3 k640 %
4 + 3 - A0""4 16 *& L6 * 6
T A—h@" 4 Wty 48 % 6" % L A L
L 46 TH 4 48"5 W W * ;-
N ODEE &M W % * 6 & & Who %k * % 6
4 R R V¢ ;- (!, DE &,FE"
x 7 4 4 *444"F  *3D)2 3B5E *444"74
4 4 4 ¢ W 64 * 4 * oo

& 4 & %% ! 7 *  46P 4 & 4 "5 * ¢ " %
7 14 & 46 P & 84 4 6 8 ¢ , S 6
C %% 5 & *4 4 *444"7 4 & 8 6 8 %" FOCl

;=1 5" N 0 4 40 % 6" 5"4 4

$(



o)
! 46 * 7 * &, " "6 * 7 *4 ¢ & 8 *4

"6 /K" 4 44" 6 4 ¢ % " ;-1
$ !,(DE4 6 8 ¢ , O 6 " * 374 8 4 "6

78 448"(C 6 4 % "FG

( 4 4 "5 40" it 8
4767 W 44 8 566 * i % " % 86
—+ "4 6 *) C W ( 66 i 46
E * 63 *"7 4 % 86-+ 34 ""FE 46 % 5
6™ 6/ 5 ) %  *5
($ ( * i L6E  * *+ {I134%+64"7 4 P |
1 6 F46)5 , 6™ 6+ 4, 6
6" 5" &kl *"6 7 & 8 % 86 -+ "4 46 *
" 6 " 5666 4 8 =l L,V DE. 4 -+
"4 6 Wl C 6"t *4 "6 74k 8 "7, 6
"7 44 -+ 8 "4 Wl F" 4 *
Y2 6
( 4 4"t g "t 74+ 3 "7 4
' *E 8 K% ™F ik 8 "E% *"F 6E8 "F
"§ %5 6"" 4 "E5 g ™o * 5 744 @



W *7% 7 4" " &6 4 F ;=1 N ON o
KB 0+ 3 -4 5 6
( 66 4 " " 6" 56 6 4 + 3 * 6
g 4 —h & % 86" Ch ™ 4 * EL 4™ wh % *
64 4 Wh W *F 4 E% 6 4 T
4 44T "o x5 =L N0 /T 6

485 % % 6 el 4" 4 H "7 44 5 6638

86 * %6 4 %% be x4 % *
8 &4 5 6638 7 6 8 4 H *
& & !

) *

( +3 -4 6 " & NO S8 " & "4
"4 % 8 " 6" ™6 4 8T N 0+ 3 0"
6 & & E®C " "F K=
!
*
(. +3 - 6 " & NO S8 " & "4
"4 % 8 "te" "™Me 4 @t N 0DK B 16

$$



/ /7 648 5 8 6 4 4 4 ¢t x4

+ 3 - Ag" "o 66 & ¢ " 46 *4 64

& 8 6 4 566 6 % D4 64 6 6 "& *
% & & 65 " * % " ¢ ™ 5 "7 4 %C

6 7 4-A0" 4 *

# " |
x
( +3 -4 6 " 58 " & N0 4 + 3 - A
5 i"5"5 6D * "5 6" 6 % " g
™ 5 "7 4%C " KBL &"" & N 0 K=
R N0 64 N O
g -
( +3 -4 6 " 58 "¢ NO + 3 - A g
* % D4 6 6"t 65 7 i
i , D4 6 6 8% "6 4 W% "6 6  4& (
D 6 &k ", $604 6 6 8% "6 447 "6
nyoox ¥ %6 4 "5 D 4
5 744 66 464 & " (,6D4 65" 5 66
6464 & 8 4 " 5" D4 646 6 "4
e & 6 KK= "t & "N %om 0 Bl



o)
8t "N% O0IN 0 4 6 % " * 547" "

hardened insulating polymer layer
(dielectric layer)

core 12
integrated circuit
component 20
3 %" 1"6 ;-1 )2 S D 66
% e
( +3 -4 6 " 58 "¢ NO 4 +3 I A
5 6 6" & ¢ 4 44D * 8 0 4 &
& "4 * 6 % %8 4 4%
K= g & N 0) C %W + 3 6" 5"E

" 5% 64"8F O6ENO066 & 6 Mt % % 4 64"8" &

'F" %4 * B % "E 6" 61 F
68 "E & Fo&* W 6% * B8 " "
"y oxg = N oN 0N ODE & " P
8 &% 86 & i 48 "P5i 68 % * P
"5"H & W6746 & " * 5 & P 6" " 65

% * 4 G N 0 DEZ% W 4 & 6 & &



0

P 4 & &"FG N ope"™ * 8 EN'0 5% 6 &
ik E & 0k &6 *E%C " "F 64 % "™ E *F
E & & *7 4 4 6 ¢ &" 4 5 6E%
66 & Ch " 4 6% "™ FG
G 1"6 766 6 Ch 4 6 7/ 7 6
48 *16 6 6 58 "4 4" % 64 "8 6 & & %!
% 4 64"8"'" & &' 6 4 W ¢ 4" % C

tttUt6 W *% 8 ,57 4 -+"4i6 64

% 6" 4w 6" 5t 4 4 8
;- O] 566 6 § % "E
%o 6 Foo4 44"
( 66 & 6 "' 74+ 3 R S
6" 5" E" (744"% & %WC " F74 4" & i
57 4 P4 64 % oo 4 E
% 6 64 4 4 F4LF -1 N
NoooN o ON 0 & )2
* 6 6% 8 " " 5  *u %
w 86" 5  * 86 4 " i P " 6" 5"

W 4 8 74 %' & * & E" 4" %C " FE74 4



0

%ot 4 4w "5 7 4 A% 64 "5
"5 7 4 "5 64 2?1 6" " 4 "5
Ch"674 4 8 F ;- dC s 0 s, (!
( & (= 4 6 6 & " L4% 86"
5 *86 56" 5* yg * ] h oo
" 5" " i % "6"% "6 4 o T
N, 00E 4 %" g ! i 68 ,
74 4 i "5 6% 86" 4 L *6
4 g oxn PFG
& th *
+ 3 -4 6 "5 "§ NO +3 - A" &
i * 4 + 3 "E & P'F O —AG"E " (RS
% C KB1 &"" & NO
+ 3 -4 % 86 "N$% 0 KB1 &"" &
N 0
+ 3 -4 6 " 58 "¢ $ 0 66 4

4 % 8 "t 6" ™6 & N ,00K= C-A & 6" 5"



566 * & W & % " 4" g / 7 6
485 % %6 56 &% & % o4
" 5" 6 T A-AE""**" " % 86 4 6 i
64 *416 " * ;- 5" N (006
I % " 5 5666 4 6 4 "
4 x4 4" "e% )2 |
, +3 -4 6 " 58 " N$50 ) C % 74
"8 § * 6 % "D4 6 " % 866 4
"5 4 5 6"" 4" x 6 %
6 4 4 C W 4 *4 4 V! 6
6 " 4 % G * 544 %6" ( 4 "
. 4 * 6 b 6 &k ,D4 6 & "
4 6 8% " KKB1 &"" & "N 0N O
= i i N 60
"
+ 3 I-A 6 "5 "4 NO " %8 "6" ™6

& "N 60DK= G 6N 0KB1G & 6 %% 6



0

% *" D4 6 %% 4 %  *C " 65
E 5 e ""F% *D4 6 "¢ 4 % 6%" 6
% G 6E¢& & % *FD4 6" 6 & 4 b
6%" 6 %% 4 "¢ 4 % 6%" 6 %bh 6
( + 8 A" &b&6" 5" 6 o4
" o4 R4 g "L 4  FAE &

%o % * 6 & & % % *F ;=1 N 0

y
+ 3 -4 6 " 58 "& N O 4 +3 I-A
S 4" & b 6 * 64 *D * e 68 ", (
6 65 7 4 6 8 % & "D * i ", (., %6
5 4"6" 4 "§ * bé 4 5 6 ) C %
+ 3 6" 5"E e 68 ",( 6 F *" 6 8
6!14 *4"E 65 64 * % *™4 >4 )2 5 6
o8 F 4" it 68 "% 86 & & S5 7 4 &
& 4 %% "6 D * % 6 bé ,6 6 &é  D'GD *
% 6 bé (¢, $ 447 "6 4 5 6 ;-1



0

$ ) C W +3 Cwe "4 4 E%  FURUNA *4
B ", 6, 4 *46 & & " 6 4 *4 "6 & &
P o 6 &t , 6 ( 64 *44 F
N0 / 7 648 658 "4 74 " % 6§
i " "658 4 "5 4 % Ry 4 %46 & g
6 4 64 *4 "6 & 4t " oy 6
", 6 (
+ 3 4 CW "4 ENO4 % * 8 ",( 6
e 6D * W% ¢ 6674 4 ", 6 5 " 5
h oo 4 "5 §Two o* 5 744 & W O*7W
7 4" " W6 4 o+ it ",( 6 % 58
"o 8§ 6" 4" 5 4 i 74 "6 & &t
g 6 & ", 6 (PF | N O0DE
"8 ™ x4 %44 5 6 4 v 4
6" 5" " N SO ODE % 5k 6 &k 68 "FS
N ON (@D "5 ™ 5 P " 48

6 *14 *48 "* @ u" 6"$ )2 F)2 (
$ 1"6 it o+ 3 / 7 16438 6
58 "4 74 " 64 & 58 4 ""6 4 5 6

6 & bé , %6 "6 & bé ", 5 64 *4 &



0
s % M ( N 0D b $ " %% 6 bé

, 5 64 *4 i "%  *M$6)2 4 6

% " * 547" "4" *

metal-lined vias 46, 50

LRSI R A O U AT I L VRS S, &
Loccanany slecal s - I-ht 0 — _-::3_3.__'::
Rrron & R SR H -
o R R PEEES
s & e OO '5:5.'. o Sl
R O e el SRRt SY s W
X X s 3 L5
el Tt € € :* [ T o o ML o Ziz e .
> 3 e > > > , ISEDEDE DD DL R N D N Uk Bk B B 26 DS T > 3“ <
€ ¢ < — ¢t € ¢t ¢ ‘ €< € ¢ < < ( ¢ 2 ¢ < ¢ C < LT < 3
> - 2 > 35_’_1 e > t. >, :-) LA DE. 3 > r >
oD OO ST RGO -.-..‘ LY RANESTALE | RATRA
SN E D BISSSUNUITUISNY & DECSIIERN '-‘.;;",-’;'.--," '-'::.‘.-;‘.-'.'.-'.‘.- PR ATPATE SO

3 %" 1"6 - Y2 S D 66

$ 4 + 3 - A ) 6 " 58 " & "NO% 0
N 50 & " 4" "4 % 8 "te" "™Me 4 @
& "N$% OIN$S0DK B 16

1 &
$ 4 + 3 - A 3) 6 " 58 "4" ¢

& "4 4 % 8 " 6" ™6 4" & " 6 4
+ 3 *  6DK= G & 66 & & "N 60 N 60

N 60N 60N 60 6 & N ,0 74 4 4 " "ot

& * 4 w6 ¢ 4 b 6%" 6 % 4



% *-A & % 86" Ch ™ 4 * E§ &M %% % * 6
& & % % *F 4 E% 6 4 " "R 4 *4l
44" g U5 ;=1 N 0 KB1 /I
& N0 6 NO 4 + 3 I-468 86" 5"5 6
6 *& 5 %C . * 4 "4
& " 65 40 %
$ 4 + 3 - A 5 % 86" 5"5 6 6
™ 5 %wCT4" & " 65 40 % 6
4" 6 " 58 "N 0 KB1 et N0 6 & N0
)
*
$, 4 + 3 - A 5 6 " 58 "& N O
@ "4 Bttt 8 "e" "™6 & ,DKB1G 6 &
DK= G
$ )
$ +3 I-A 6 58 & N 0 66 74
% 8 " 6" "6 & N 0 6 4 + 3 * 6 DK= G

& 6 "" 74+ 3 (8 4 * / 7 648



o)
% 6 5% % 6 4 be " 6 7 4-h0" 4

mem oot A 6" 5" &7 *¢ "D * ( 6 6 58 6

S47 5666 & % " g o 4 *4

& 6% * 8 E %% dF * 5 & 8" 6 & &
W % * 8 E %% & (4 ""8 & R 4 F ;=1

N 0N ODE "& *¢ "P 6 % C " 67 *& "P
6 3 & & & 6 58 4 ! 4 "4 %

"o FG N OIN 0)2 DG 4 -pg"7  *& " 4

4 D6 % * % 4 %% 6GE"8 & R 4 F74 4"

"5 k4™ % 67440 % §" & * E*
R F &4 *4 H 65 48 % @& "-hd 4"
*4" 7 *4{ "58 65¢74 % " 4 4 6
4 "4 16 *4 4 "6 7 W 444 % x4
% "W 6 * 6 % 86 4 6-+
"4 46 * ;- 5" N 0N $ON oW 0N 0N L0

NooON oW SN oM @ &, )2

$C 1"6 P 4 + 3 6-4 5 6
% 86 & " " 46 & "4 % 744 "§ "E g
W F 6E L (7 4 " 6 & 6"% 46" 5"

"'t 4 6" 565 + 3 "4 "E g Wh F 6



o)
E 03300" 3 63 % 6 & O6F & F 4 4%

v g v ;-1 L (S$, . L, D2 #S
)i K= i iMoo

$ 4 4 C 40 % g"6" % *

& % 7 44 * 4 5 6" 6 8%
H "*x 7 * 4 bt "E g * F 6 E &

*$F+ 3 -4 " % 86" ;-1 Y2 ) #.3,
07 44 " "y 6 * i% 58 65474 5666
i %ot W% x4 4 4 peto4t o
2,36 ,,!1C LW,$,.', ) C W 4 +3 !
40" 6 8 ! 6 6 7 4-448
4 4 E"8 & R 4 F744""5 & 4 4 4

i % (8 & * B ¥ R F ;-1 N 0N of

N 0
% &
$ + 3 I-A 6 " 58 "& "N(@ 6N 0 66
4 "4 % 8 "e" ™6 6 4 +3 * 6 &
4 + 3 I-A 5 6"" (" L R 6 $54 7

* 6 % * 6 6 7 4-AD * E %%



0

k4 " 4 E"8 & R 4 F % *6 " &8
K= "t 3 N0
$ +3 -4 6 " 58 "& NS " % 8 "
6" ™6 & N 60 4 5 6"" §""4 64 4 "6 7 #"
8 , 4 " 5" D4 65"5 66"E % "6 %%
% * & FD4 6 & & "4 6 8 i KB1
" ] ¥
+ 3 -4 6 " 58 "& N O 1"6
746 6 Ch 4 6 6 "t + 3 6-A

/ /7 6485 % %6 % 86 4 & & 4"6 7 W

4 5 (14" 6" 4 .
6 4 5 6 * 6 4 *4"4106 * 50 8
4 @i KBL &"" & N6 61& NS
1 !
+ 3 -4 6 "5 "¢ "N ONO "4
4 %8 "t 6" ™6 4 | @ N0 4
% 6% " 4" it "D * i 658
* 6 % % 86 (% 58 4 4 6

4 % 6 % " & " e "D dé (,



0

$5L7 * 6 0 % 86 (% 5187 4
0 K= KB1
T .
4 + 3 -4 5 6 "5 "t N O
P4 "4 %8 P BE" ™GB L "N O 6N$0
K= KB1
? 314 35659 - - >
6 =6 C
4 " "6" 5 6 4547 65"6 8
40 % 6 " 44" 64 % " 64
/ 7 648 6" 64 4 4 * +3 4 6
* 6 58 "4 " I R 6 547 *
6" 5" W% 6 5 6" " 64"% 86" 66 4
Ch "™ 4 * §8 AE &% 6F& " 6% 6 &
6 "6% 6 & "
/ & % I 8% 111 2
) .
, 1"6 74 6% 6 Ch 4 6 6 8
+ 3 -4 6 * / 7 6485 8 6
4 4 * +3 -4 6 * % 86 4*416 " i

i 6" 7 4-+ "4 i * -4 4 g



% S5 4! 6t 74 % " % 866 "6
e O ;-1 o" N 0N OIN Ol
;=1 N 0)2 N ;=1 & o * &
% 86" Ch "6"4&" " * % S) & " g
* &1 6" /7 44 " 5" &
& & 6 4 4 4*46 " * ;-1
5" N ,0DE "7 446 6 47%4% 6
| & H % 4*46 "  4*4Y% 6"4 I
6" 7 * % 485 6" 6 "% FG N 0
DE &4 *4) 2 "4 7" 4 % S5 4! 6 & 48 *
4 1§ 6" ! 48 * S & S) 6
6% 6 * 46"* KN 0N oN ,0)2 1
"% 8 "te" "6 4 + 3 - A 5 DK
B ¢ / 7 648 5 8 6 &1 -+ "4 6
6 7 4-A0" 4 = 8 4 "o 6" 565
+ 3 % 86 "4 6 * / 7 648 5 4
8 6 " % 7 & "+ 3 - Ag" 5 6
6% 6 * 46"* &1 6 * 6 7 4
* 4 8 4*46 " *7 4-+ "4 6 * OA &

" 5" " & & 6 4 4 & 18 6



0

* @Il nm gk N n

7 4

N 0N 0 1&7 % " "ot 4

74 4" 5" & 48 * %

5 66 6 8 "7 " 5" 4 8 48 * &

"6 7 % % 86 -+ "4 6 *

___ layer3
substructure

Lo

» > > 2 5.3 > % > % > 3 B
< € ¢ ¢ ¢

D‘S‘P‘ i "" I‘l » > > D

o

< < € «
*» 2 2 2 2 > > > 3
€ ¢ 4 € % € € %5 € €

. layer1
substructure

\\\\\\
> 3 >
€ 45 ¢ <

< < € « « % % L]
EDEDEDEDEDEDEDE DE DE B IS 5 > 33 3 » > 3> > >
€ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 4
€ < :’(,c € % < 1'(,c) 2555 %5 o5

A G
LR R

A A TR A A AR AL "
- pu— Sy
i
FLPL o o
i layer 2
G5 5?53.' Nt hhhhYy :‘b‘a‘a:.‘l “““ Substructure

€« < 2 £ € 4 € ¢ € 4% t ¢€ 4
b 4353 PR :

€ € ¢ <
ey |
s .

RReRra i to,
PR

66

*

8

¢ + % 86" Ch "6 "

"C W 4 % 5

N 0DE "

5 "G6F 4

*

74 "R

6
+ 3 I-A
6 74 47

4%

] *

% &

"5 4%

"6

*&*

6

"

&6 "E;

%

4%

FD& > 1!



1"6 78 6% 6 Ch 4 6 6 8 7
4 "/ 7 64846 " 5 Ch noo
5 *+ 3 -4 7 4 * 4" "5 + 3 -4 6
* 6" 5" § ¢ 68 " %"6 L 5 6
5 "7 4 5666" 6 t 4" " g5 4
6 "8 4 W 787 4 p*
4 * 4 +3 -4 6 * L 6 4" 6 6 8
6 6 6 L * "5 L6 *6" " % 4
" L% 6 5 6  * "
I 8% 117 2 $) . 0/ !
% 35659
$ "ta7 4t 4 + 3 - 41 * 5
74 %6 5 5 6 Lt o4 "6" 56 58 % 86"
Pt
&
4 + 3 - A1 * 5 6 " 58 "4
P o4 "4 Y 8 6" ™6 6 4
+ 3 6+ 3 -4 * 6" DK= KB16 66 7 4
1 4 6 &% 6 * % 86" CH ™ 4 *
% 4% 6 % K= * /88 7 ;-
Nl N 0N 0N @V 0N 0N ,0)2



0

"4 7 * 4 % 6" 6 1 " 6" ™6 4 +3 -y
* 5 KB16 4 5 6"" 4" " 1% ¢¥ 6
* 6 74 * - 4 4"5 pootD o
i L4 *  5864" i * 4
h" < 58 @" "a4r  * 48 *4 " g
5 6" 5" N 4 4 5 ¢ 460§
"5 " g i 67 4 4 " 44 4 " o*
68 % 86" ¢4 6 * g 6 74 * ¢
Mok ;- Y2 N Lo 0
66 & * 6 *3% N 04 + 3 - A1 %
68 L6" E F) C W * 6" 5"
6 % "t 4 “E; 44 F ;- N ODE
" 6 68 " 4" " 3 4§ 5 " B
. 68 "7 L7 i 6 4 5% 86 *

/ /7 6485 % %6 84&4 "4 *F

6 8 4 68 **" ; 68 86 * 4
4 & 4 68 6 Ch 64 % I
6 8

? 5 4 35659 - - *



0

4 " "6" 5 6 4547 65"6 8 7
40 % 6 " 44" 64 % 64 P!
6"4" 65
1% 0/ "1 % 35659
% 86 "N % 0 % 86" LW 6
5 6 )" % 86 " 5 6 ) C W
6" 5"E 4t % 67 *"5 F %" * E "5
74 4 3 4A%'D * E3 4% F6 6 4 E4 % F
5 66 6 =1, & 5" N3k ON ON 0N 0
NoooN 0N 0N 0N ()2 (!
Cwi " 4 5 i " 5" "6
% i % "t 4" 3 4WE §6 %C "1
L N . * Bt 4 Tt % C
" % 1% *g w * 674 H%C "
.78 i* W "6 % 67 *"5 5 "6F
oN  ON ODE "g& * " "5 D "B
i 67 4 % % * 74 4 B" 4 KM g 445
W * 674 " " 4" HC " "4r * 4FG



o)
0

, 4 4"6"¢"  "h"i 4 %o "6 " %
"E5"5 6 M"4 6 4 15 6 xR 4o

E ™ 5 6 %C5 6" 4" )0, %5 6FE *

5 6F E * 5 6F ;- YO

4 % 86" &% 6 5 674 4

6" & "7 5 6" 5" "pox 5 6

"5 6" 6 5 6" 5" 6 % 4 4 )

C W 6" 5" "7 4EC 4" 5" "t 4"
45 6" 66 *4 5 6"F "7 " * 4 w oo
4" 3 4% 7 46 "4 5 5 * 44 % 6

7 *UE" 7 44%4 i =l LN N0

6" 5" C * 3 4% 4

6 % 65 4 "6 6 4" 47 *5 6 6

E %6 4" 4 4 Bk *4%41"% 6 % 4 3 4%F

NSO 0

( 1"6 74 6% 6 Ch 4 6 4 7"
% 67% 7 4 6 " P& !
5 6" 5" " 4 4 6 "o G i

% 40" "7 W "6 "o4m 5" & " 4 8



4%416 " % 8 6% 6 6 £ omomp gk
6"4 16" 7 *
Y C Wo* D % 5%
L6 5 6" 5 %y P %
541 64 %5 * 4 % 7 44%46 " 6
48 *x4*44 4 " x% % 64*4 & 54§ ;-] 5"
N ,00E "7 446 6 4% 6
| i H % 4%46 " 4%*4% 6"4

6" 7 * % 485 6" 6 "o

6 *% 7 *"5" % 5 L6 * 4*46 " 4*4
t 6"4 6" 7 *  4"5 6 66 4

L1 5 "y 4%4 16
7 *"5" RN L,00E "% 5 4 * 4 47 *
"5 L6 " "o % 54! 6L"P "
% "™ 5§ k1 A% & 50 & & % 54! 64
74 4 4 w oo 67 44%46 " FG
$ * 6" 5" C W % 541 64

48 * 4 ¥ 6" ;-] N 0N O0DE &4 *4) 2

"4 7" 4 % 54! 64 48 * 4 % 6
" " 48 * 5 § " 5 66% 6 * 4



0

6"* F6) 2 D W 6 6547"47 * 4 1§ 6" 7 4
% "% $5 6 $ 5666 4 8 g
& "6
901a
805a  906a 902at
sozp1 | 908a 902cl 807a
7 904a
902bb1 \\
902aal \ ;:ge
90222 ’ .
902b2 / | 902¢2
904b 2 - 908h
9010{906‘3 }909
905 ANANESSNNN
3 (
eoggzi 902aa3
902233 902bb3 | 908c 902¢3 \ 902b3 502222
907¢ 907b 902bb2
FIG. 9A \m
;-1 )2
4 C % " 5 * 86 U 0# %
0404 % 54 (@, D58"46+ 4 ( 66" 5"
6 68 48 * & 18 6" 4 & 6" 5
& -1 (N ODE 4" 56 C %
& 6" 6 & "5 4 5 6 &
5 ¢ 6" & 6 "4 % " 8 H 6
5 7 5 § 6FC ) 2 Ll g $



D *E % & VA "F 6E% & 6 8 8
e o*"h" "F6 )2 $5¢ 74 7" 6 6" 7 4
6 4 566 6 4" 5" 4 N 0
FIG. 8
Gt%u;l: Bine &l line Signal line

> 4 % C % " 3) * 86 "= D
% %%8 % 5§ ' $$ 46 # $ 6
% 5¢"46 )5 6 =6" 5" & "5t "7 4
%% & & 68 " %" & 6 4 &
;-1 $ N 0N o4 6" % " )2 ' "47
E6 &" 5" oSk KGN, OIN 0)y2 1) C %W )2

% 6 6547 8&" " W & & 68 " , 6



5666 4 4 7 "5
5
FIG. 14
176 102

*

"

166

122 114

6

&" 5"

&%

6

6 %

4

= 36

5

F

4

1"6

E

6" 5"

4

%%

6

-

58

102'

136

122
$)2

744 C @

648 5

7 n

L7

66

8 7

"4

6

6 "%

4

%6

58

4 8 !

% 4

*% "

4ll

&

NS

4

68

/

5

6" 5"

4"5

8 8 "

"7

"%

-

&

446 4

64 8

*5

6"



o)
3) " 6 % 4 4 7 44¢ " 4" "5" "

4 % 6 ¢ i 6 4 4 4 *448 "D * 8"
( (6 64 *44¢"D* 4 *44¢" (67 4 4" 5" i
6 4 4 " "5 7 "5 " 48 46" 64%4
i 4*46 " % 8 6% 6 6 *
"y "8 * 6"4 6" 7 *
4 4" ¢ 6 * 7 648 H 6 &
4" 4H "% 66"("6 * EC &

"5 """ 4 "E 45 6" 66 *4 5 6"F {6 *4 "

E12 b 5 % 6 2 D 6 8 % "GF * 4
6 * 46" 4*46 " ! 6

68 " el | ON (CON 0 4 % " * 5475"6
") 2 Y 1 6 * 7 4 4

B T & " % 4 4 74 & "o 6

& " 5" " 6 4 ¢ 6 " 5 6" 5" 6

6 5 6" 5" "% 8§



ilh z é//l ) i 3 an) | r— layend
: _ substructure
........... : -.-_d.
S LA =  layer 2
4 substructure
T e iy
s = layer 1
e substructure
3 %" 1"6 ;-1 , )2 D 66
, % 86 " & N0 " 5 64"
e * § & ¢6 * 5"5 60 * E" 5" FG 6
4 6 6 "& *h & D * EE & " "h o *¢ FG
) C W g"E" 5" F 6 e * ¢ 6
E & " "h o *¢ F *4 % 86 e § &
"4 6 ;-1 , N 0N 0N 0N oN (O 0N $0
)2 4 6) 2 5 7"4 7" 4 5 "

"o 6 4 & R SN



-1 )2 D
6"&""& NO "
@'&7 & " "& *&
"& *& *4 7 4E"5" F
"& *& F& 7" % 86 "& *

"6 4&7 "6 4&7 &

( et ™ 6% 8 "& &""

5 6 &6" 5"5 6D * E"5" FG
& F& % 86" 46 6 "&
-l ,N ON ON,ON,O0 ) C
C%& """6 4 & " "&
DC %& & &6"E4 " * & &
5 "6 4 & " "&

! "% & "&5& " "&5& %

74
4 & "
6 %% E &
&& 48*
"& *&
N% O @"
) 4 @' &
*%& & "& 6
%& 6" 5"
* & N O
"FG N,ODE %C
*& " 6 4" %C

&" ** 6 4





























































































































































































































































































