Channel Compliance to Proposed:

FORCEZO Test Cards — Part lli

Joel Goergen — Force10 Networks

joel@force10networks.com
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FORCE@ | Outline

m Test Card Block Diagram.

m Review Stack Details.

m Review Gerber Layers.

m Summary of Fabrication.

m Review SDD21, SDD11, SDD22.
m Review NEXT/FEXT.
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FORCE@ . Test Card Outline — 2 connectors
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FORCE@ . Test Card Outline — 3 connectors
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FORCE@ HChannel Lengths

# LYR
Conn HS1 HS1 HS8 HS1 Total

2 CH1 4 3 4 11
2 CH2 7 3 7 17
2 CH3 10 3 10 23
3 CH4 3 3 3 7 16
3 CH5 5 5 3 10 23
2 CH6 4 10 4 18
2 CH7 7 10 7 24
2 CHS 10 10 10 30
3 CH9 3 3 10 7 23
3 CH10 5 5 10 10 30
2 CH11 4 15 4 23
2 CH12 7 15 7 29
2 CH13 10 15 10 35
3 CH14 3 3 15 7 28
3 CH15 5 5 15 10 35
2 CH16 4 20 4 28
2 CH17 7 20 7 34
2 CH18 10 20 10 40
3 CH19 3 3 20 7 33
3 CH20 5 5 20 10 40
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FORCE@ SChannel Lengths =AgQressors

# LYR
Conn HS6 HS6 Total

2 CH2-0 ~2 HS1 ~2 8
2 CH2-1 ~5 HS5 ~5 16
2 CH2-2 ~5 HS5 ~5 14
2 CH2-3 ~5 HS1 ~5 16
2 CH7-0 ~2 HS1 ~2 15
2 CH7-1 ~2 HS5 ~5 18
2 CH7-2 ~2 HS5 ~5 18
2 CH7-3 ~2 HS1 ~5 21
2 CH12-0 ~3 HS1 ~3 19
2 CH1241 ~3 HS5 ~3 18
2 CH12-2 ~3 HS5 ~3 19
2 CH12-3 ~3 HS1 ~3 21
2 CH17-0 ~3 HS1 ~3 24
2 CH17-1 ~3 HS5 ~3 18
2 CH17-2 ~3 HS5 ~3 19
2 CH17-3 ~3 HS1 ~3 26
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FORCE@ [Geometries

m The original design called for 13.5mil drill VIA,
but the aspect ratio forced this to a 16mil drill
VIA.

m SMA SMT pad was designed with ground
removed under the pad to reduce impedance
mismatch.
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FORCEZO

-13 Stack Detail

Spe Layer Name Layer Res Material p p
Layers Thickness | Cross Section Diagram | Definition Type Content Type
0.7 GEEEEEEEEEEEEEEEEEEEELEEEEEES Mask
LO1 2.0 &&6& Foil & Plating Plating Pads Only
1.3 Pads Only 10z. Cu 98ohm+-4 100n10 560hm+-5 100n10
6.0 2x1080 rc: 65% N4000-13
L02 1.3 §6EEEEEEEEEEEEEEEEEEE GND 10z Cu
55 ] core 2x1080 rc: 58.4% N4000-13
LO3 1.3 &&& HS1 10z Cu 1000hm+-3 6on14 510hm+-3 6on14
9.1 1x1080/2x106/1x1080  rc: 65%/75%/65% N4000-13
L04 1.3 §6EEEEEEEEEEEEEEEEEEE GND 10z Cu
55 ] core 2x1080 rc: 58.4% N4000-13
LO5 1.3 &&& HS2 10z Cu 1000hm+-3 6on14 510hm+-3 6on14
9.1 1x1080/2x106/1x1080  rc: 65%/75%/65% N4000-13
LO6 1.3 §6EEEEEEEEEEEEEEEEEEE GND 10z Cu
55 ] core 2x1080 rc: 58.4% N4000-13
LO7 1.3 &&& HS3 10z Cu 1000hm+-3 6on14 510hm+-3 6on14
9.1 1x1080/2x106/1x1080  rc: 65%/75%/65% N4000-13
LO8 1.3 §6EEEEEEEEEEEEEEEEEEE GND 10z Cu
55 ] core 2x1080 rc: 58.4% N4000-13
L09 1.3 &&& HS4 10z Cu 1000hm+-3 6on14 510hm+-3 6on14
9.1 1x1080/2x106/1x1080  rc: 65%/75%/65% N4000-13
L10 1.3 SEEEEEEEEEEEEEEEEEEEE GND 10z Cu
55 ] core 2x1080 rc: 58.4% N4000-13
L11 1.3 §EEEEEEEEEEEEEEEEEEEEE Plane 10z Cu
10.1 1x1080/2x106/1x1080  rc: 65%/75%/65% N4000-13
L12 1.3 ESEEEEEEEEEEEEEEEEEEE Plane 10z Cu
55 ] core 2x1080 rc: 58.4% N4000-13
L13 1.3 §EEEEEEEEEEEEEEEEEEEEE Plane 10z Cu
10.1 1x1080/2x106/1x1080  rc: 65%/75%/65% N4000-13
L14 1.3 §ESEEEEEEEEEEEEEEEEEEE Plane 10z Cu
55 ] core 2x1080 rc: 58.4% N4000-13
L15 1.3 §EEEEEEEEEEEEEEEEEEEEE GND 10z Cu
9.1 1x1080/2x106/1x1080  rc: 65%/75%/65% N4000-13
L16 1.3 &&& HS5 10z Cu 1000hm+-3 6on14 510hm+-3 6on14
55 _ core 2x1080 rc: 58.4% N4000-13
L17 1.3 (EEEEEEEEEEEEEEEEEEEEE GND 10z Cu
9.1 1x1080/2x106/1x1080  rc: 65%/75%/65% N4000-13
L18 1.3 &&6& HS6 10z Cu 1000hm+-3 6on14 510hm+-3 6on14
55 ] core 2x1080 rc: 58.4% N4000-13
L19 1.3 £EEEEEEEEEEEEEEEEEEEES GND 10z Cu
9.1 1x1080/2x106/1x1080  rc: 65%/75%/65% N4000-13
L20 1.3 &&& HS7 10z Cu 1000hm+-3 6on14 51ohm+-3 6on14
55 ] core 2x1080 rc: 58.4% N4000-13
L21 1.3 S§E&EEEEEEEEEEEEEEEEESE GND 10z Cu
9.1 1x1080/2x106/1x1080  rc: 65%/75%/65% N4000-13
L22 1.3 &&& HS8 10z Cu 1000hm+-3 6on14 51ohm+-3 6on14
55 ] core 2x1080 rc: 58.4% N4000-13
L23 1.3 £EEEEEEEEEEEEEEEEEEEESE GND 10z Cu
6.0 2x1080 rc: 65% N4000-13
1.3 Pads Only 10z Cu 98ohm+-4 100n10 560hm+-5 100n10
L24 2.0 &&6& Foil & Plating Plating Pads Only
0.7 ceecccccccccccccccccccceceecd Mask
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FORCE@ =13 FAB Data

Company: Force10 Networks Board Name: Test Back Plane - Scorpion King  Grain Direction: in the 24inch
Contact: Joel Goergen Detail by Joel Goergen
Specified | | Layer Name Real Hole | y | y
Layers Thickness | Cross Section Diagram | _ Definition Data | Wall | | I |
0.7 EEEEEEEEEEEEEEEEEEEEEEEEEEEES Mask
LO1 20 &&& Foil & Plating 20 Pads Only
1.3 Pads Only 1.2
6.0 6.0 1.44
L02 1.3 SEE&EEEEEEEEEEEEEEEES GND 1.2
55 I 52
LO3 1.3 &&& HS1 1.2 102 +/- 1.50hms 6on14 53.4 +/- 2o0hms 6on14
9.1 9.6
Lo4 1.3 SEEEEEEEEEEEEEEEEEEEE GND 1.2
55 I 53
LO5 1.3 &&& HS2 1.2
9.1 8.8
LO6 1.3 SEEEEEEEEEEEEEEEEEEES GND 1.2
55 I 53
Lo7 1.3 &&& HS3 1.2
9.1 9.9
L08 1.3 SEEEEEEEEEEEEEEEESEES GND 1.2
55 I 54
L09 1.3 &&& HS4 1.2
9.1 9.0
L10 1.3 SEEEEEEEEEEEEEEEEEEEE GND 1.2
55 I 54
L11 1.3 S6EEEEEEEEEEEEEEEEEEEE Plane 1.2
10.1 10.1
L12 1.3 SEEEEEEEEEEEEEEEEEEEEE Plane 1.2
55 I 54 137
L13 1.3 SEEEEEEEEEEEEEEEEEEEES Plane 1.2
10.1 9.7
L14 1.3 SEEEEEEEEEEEEEEEEEEEEE Plane 1.2
55 I 53
L15 1.3 SEEEEEEEEEEEEEEEEEEEEE GND 1.2
9.1 8.8
L16 1.3 &&& HS5 1.2
55 I 5.1
L17 1.3 S8E&EEEEEEEEEEEEEEEEEE GND 1.2
9.1 9.1
L18 1.3 &&& HS6 1.2
55 I 52
L19 1.3 SEEEEEEEEEEEEEEEEEEEEE GND 1.2
9.1 8.7
L20 1.3 &&& HS7 1.2 102 +/- 1.50hms 6on14 53.4 +/- 20hms 6on14
55 I 54
L21 1.3 SEEEEEEEEEEEEEEEEEEES GND 1.2
9.1 8.9
L22 1.3 §&& HS8 1.2 102 +/- 1.50hms 6on14 53.4 +/- 2ohms 6on14
55 I 53
L23 1.3 S6E&EEEEEEEEEEEEEEEEEE GND 1.2
6.0 6.0 1.44
1.3 Pads Only 1.2
L24 20 §&& Foil & Plating 20 Pads Only
0.7 ceeecccccccccccccccccceceeeed Mask

27 September 2004 5:41 AM Total: 202.1 Est. Finish Thickness Over Plating & Mask 195.7  Real Finish Thickness Over Plating & Mask




FORCE@ Channel Data CH1
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FORCE@ Channel Data CH2

SDD21 SDD11 SDD22 CH2_7_3_7in N4000-13

dB

0001l

000¢

000€

000¥

000S
0009

\I
o
o
o

0008

(o]
o
o
o

Freq in MHZ

00001
000L1L
000clL
000¢€lL
0]0]0} 4"
00061

— SDD21
— SDD11
—JA SDD11
Old adhoc SDD21
— Ad-hoc SDD11
— New adhoc SDD21
SDD22




FORCE@ Channel Data CHS3
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FORCE@ Channel Data CH4
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FORCE@ Channel Data CHS
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FORCE@ Channel Data CH6
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FORCE@ Channel Data CH{
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dB

e TSI R TR TV 7 v

-;g | ;\\H.,\( V\W J\/ V J\ ‘M! \lv\?%ﬁ(})ﬁr\% ~,‘; \/ \/\/\M

25 WM ) \‘, ' \ N H __ SDD21
30 . —_ SDD11

35 | { G M — JA SDD11

40 - ' Old adhoc SDD21
45 — Ad-hoc SDD11

V' |—New adhoc SDD21
-50 1 SDD22
_55 _|
_60 _|
-65 -
-70

75 -
O =2 N W D O O N © ©W = 4 A

O O O O O O © © O O = N W H» o

© © O O O O © © © © o o o o ©

©O © © O O © © © © © ©6 © © © ©

© © O O o o

Freq in MHZ




FORCE@ Channel Data CHS
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FORCE@ Channel Data CH9
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FORCE@ Channel Data CH10
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FORCE@ Channel Data CH 11
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FORCE@ Channel Data CH12
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FORCE@ Channel Data CH13
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FORCE@ Channel Data CH15

SDD21 SDD11 SDD22 CH15_5_5_15_10in N4000-13

T
T =

I
d
Ll
Liaaill 8

>

i;& ,,

— SDD21

a \ | W __ SDD11
« = — JA SDD11
vV Old adhoc SDD21
\ \L\j — Ad-hoc SDD11
" — New adhoc SDD21
SDD22

dB

O =2 N W D O O N © ©W = 4 A
O O O O O O © © O O = N W H» o
© © O O O O © © © © o o o o ©
©O © © O O © © © © © ©6 © © © ©

© © O O o o

2 Freq in MHZ




FORCE@ Channel Data CH16

SDD21 SDD11 SDD22 CH16_4_20_4in N4000-13
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FORCE@ Channel Data CH17
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FORCE@ Channel Data CH18
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FORCE@ Channel Data CH19
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FORCE@ Channel Data CH20

SDD21 SDD11 SDD22 CH20 5 5 20_10in N4000-13

A
Tl /\ /\\/' \f _ A A

<h

LN J — SDD21
A \“\ | — SDD11
\ — JA SDD11
Old adhoc SDD21
_ Ad-hoc SDD11
— New adhoc SDD21
SDD22

000%) — .

00061 —

O =" N W & OO OO N 0O © =2 2 a2 aa
o O O O O O O O o o = DN W
© O O O O O O O o o o o o
o O O O O O O O O o o o o

o o o o

2 Freq in MHZ




FORCE@ Channel Data CH2 AGGR0

SDD21 SDD11 SDD22 CH2 AGGRO0 N4000-13

| \/‘\./ 0
\v\\)’ " M i
"\ —_ SDD21
\ \\\ﬁ — SDD11
. — JA SDD11
Old adhoc SDD21
— Ad-hoc SDD11
— New adhoc SDD21
SDD22

O =2 N W D O O N © ©W = 4 A
O O O O O O © © O O = N W H» o
© © O O O O © © © © o o o o ©
©O © © O O © © © © © ©6 © © © ©

© © O O o o

2 Freq in MHZ




FORCE@ Channel Data CH2 AGGR1

SDD21 SDD11 SDD22 CH2 AGGR1 N4000-13

' ! U .
/\A \r — SDD21

q —_ SDD11

_30 n

35 | : MM(\{\ r — JA SDD11

40 - Vv Old adhoc SDD21
45 \ — Ad-hoc SDD11

i — New adhoc SDD21
-50 - r SDD22
-55 - rp

dB

-60
-65 -
-70 N
-75 -
S = N W H OO O N 00 © A A A A A A
© O O O O O o o o o = N WO H O
© O O O O O O O O O o o o o o
o O O O O O O O O O O o o o o
o O o o o o

2 Freq in MHZ




FORCE@ Channel Data CH2 AGGR2

SDD21 SDD11 SDD22 CH2 AGGR2 N4000-13

dB

W%P/ Qo fn A f \ - | f bﬂur\ Ay /"""HJ NN —
ST
TR,
| - j/\\ — SDD21
] — SDD11
| A /\/W\nf\ - — JA'SDD11
| V Old adhoc SDD21
\ \ — Ad-hoc SDD11
V — New adhoc SDD21
SDD22
; —_ N w AN (@) ()] ~ oo O =2 A A A A -
o o (@) o o o o o o o —_ N w LN (@) ]
(@) o (@) o o o o (@) o (@) o (@) o o o

Freq in MHZ




FORCE@ Channel Data CH2 AGGRS

SDD21 SDD11 SDD22 CH2 AGGR3 N4000-13

) PV
o~ 4 AW AVENV NP, v e

LVT%EF-#ﬂfhﬁf\&{\r\\/f\f« _

N JU ¥ \,
RN V\\M
| | " — SDD21
N\ \\\A _ SDD11
A — JA SDD11
Y Old adhoc SDD21
— Ad-hoc SDD11
— New adhoc SDD21
SDD22

O =2 N W D O O N © ©W = 4 A
O O O O O O © © O O = N W H» o
© © O O O O © © © © o o o o ©
©O © © O O © © © © © ©6 © © © ©

© © O O o o

2 Freq in MHZ




FORCE@ Channel Data CHAAGGR0

SDD21 SDD11 SDD22 CH7 AGGRO0 N4000-13

,m“%ﬂnﬂm" T Nﬁ/ TAVaN:

\ M — JA SDD11
AW

AN

— SDD21
— SDD11

Old adhoc SDD21
— Ad-hoc SDD11

— New adhoc SDD21

SDD22

0001l

000¢

0004
0008
0006

000€
000¥
00065
0009
00001
000L1L
000clL
000¢€lL
0]0]0} 4"
00061

Freq in MHZ




FORCE@ Channel Data CHIAGGR1

SDD21 SDD11 SDD22 CH7 AGGR1 N4000-13

— SDD21
— SDD11
—JA SDD11
Old adhoc SDD21
— Ad-hoc SDD11
— New adhoc SDD21
SDD22

0008
0006

0001l
000¢
000€
000¥
00065
0009
0004
00001
000L1L
000clL
000¢€lL
0]0]0} 4"
00061

2 Freq in MHZ




FORCE@ Channel Data CHAAGGR2Z

SDD21 SDD11 SDD22 CH7 AGGR2 N4000-13

dB

\w .W

(RN

be*

\A

/ V

T~

J

\M

— SDD21

— SDD11
—JA SDD11

Old adhoc SDD21
— Ad-hoc SDD11

— New adhoc SDD21

0001l

000¢

000€

000¥

000S

0009
0004
008

o
o
o O

Freq in MHZ

/W SDD22
\

_ A A A A




FORCE@ Channel Data CHIAAGGRS

SDD21 SDD11 SDD22 CH7 AGGR3 N4000-13

i\ i | U
T \\A — SDD21

-25 p’ ,
N _soont
35 | \ —

S . Old adhoc SDD21
45 A — Ad-hoc SDD11
) Y — New adhoc SDD21
50 1 SDD22
-55 B
-60 B
-65 B
70
_75 |
o —_ N w AN (@) ] (@)) ~ (o] © RN RN RN RN - RN
(e} (@) o (@) (@) (@) (@) (e) (@) o —_ N w EaN (@)
(e) (e} (e) (e} (@) (e} (@) (e) (e} o (e} (e) (e} (@) (e}
o (e} o o o o o (e} o (e} o o o o o
(e} (e} o (e} (@) o

2 Freq in MHZ




FORCE@ Channel Data CH12 AGGR0O

SDD21 SDD11 SDD22 CH12 AGGRO N4000-13

— SDD21

— SDD11
—JA SDD11

Old adhoc SDD21
— Ad-hoc SDD11

— New adhoc SDD21
SDD22

0001l

000¢

000€
000¥
00065
0009
0004

008

Freq in MHZ




FORCE@ Channel Data CH12 AGGR1

SDD21 SDD11 SDD22 CH12 AGGR1 N4000-13

-5 W"M V™M NS N N me N N
Wt 7 e = :
e ¥l 7 —

10 ™ WM |
'1 5 f | V W ) QM v
20 7 !
25 - VNG — SDD21

! —_ SDD11
.30 [\/\

i AN — JA SDD11

dB

o A Old adhoc SDD21
/\ [ — Ad-hoc SDD11
45 A R

VV \v“ \'\}\ V — New adhoc SDD21

SDD22

0008

(o]
o
o
o

0001l
000¢
000€
000¥
00065
0009
0004
00001
000L1L
000clL
000¢€lL
0]0]0} 4"
00061

2 Freq in MHZ




FORCE@ Channel Data CH12 AGGR2

™

-5 W%: afn f’\r"\\ “\\ /“\ f’\v—mﬂ

dB

/) ——

0001l
000¢
000€
000¥
00065
0009
0004
0008
0006
00001

2 Freq in MHZ

000L1L
000clL
000¢€lL

ooovlL
00061

SDD21 SDD11 SDD22 CH12 AGGR2 N4000-13

— SDD21
— SDD11
—JA SDD11
Old adhoc SDD21
— Ad-hoc SDD11
— New adhoc SDD21
SDD22




FORCE@ Channel Data CH12 AGGRS

SDD21 SDD11 SDD22 CH12 AGGR3 N4000-13

dB

i

25
'30 N '

-

il

it

l

,«'%"”"“‘ Vo
bl %\%&N

f

o /_\ f_“\\f_""-\ 4 -\jﬁ\f‘\

\._..,--

’\V\h

N e

0001l

0008
0006

000¢
000€
000¥
00065
0009
0004
00001
000L1L
000clL
000¢€lL
0]0]0} 4"
00061

Freq in MHZ

— SDD21
— SDD11
—JA SDD11
Old adhoc SDD21
— Ad-hoc SDD11
— New adhoc SDD21
SDD22




FORCE@ Channel Data CH17T AGGRO

SDD21 SDD11 SDD22 CH17 AGGRO N4000-13

A \. “‘"W”"\/ N \/ \/ \ ™~ =

— SDD21
— SDD11
—JA SDD11

Old adhoc SDD21
~ | — Ad-hoc SDD11
v ¥  |— New adhoc SDD21
SDD22

o —_ N w AN (@) ] (@)) ~ (o] © RN RN RN RN - RN
(e} (@) o (@) (@) (@) (@) (e) (@) o —_ N w EaN (@)
(e) (e} (e) (e} (@) (e} (@) (e) (e} o (e} (e) (e} (@) (e}
o (e} o o o o o (e} o (e} o o o o o
(e} (e} o (e} (@) o

2 Freq in MHZ




FORCE@ Channel Data CH17T AGGR

SDD21 SDD11 SDD22 CH17 AGGR1 N4000-13

5 w _ﬁ W\ f“\f "\\//"\\/’\ﬂ A /““‘x, _

— SDD21
— SDD11
—JA SDD11
Old adhoc SDD21
— Ad-hoc SDD11
— New adhoc SDD21
SDD22

0008

(o]
o
o
o

0001l
000¢
000€
000¥
00065
0009
0004
00001
000L1L
000clL
000¢€lL
0]0]0} 4"
00061

2 Freq in MHZ




FORCE@ Channel Data CH17T AGGR2

SDD21 SDD11 SDD22 CH17 AGGR2 N4000-13

dB

O \ T T T T T T T T T T T

NN D\ N NN
-5 \\\\“1 91&7 !ij v -\f \/f\ // \Vfwﬂ W S
-10 - e ;v~\' I A
15 f i %\ |
20 | N\/\
o5 . — SDD21
30 '~, ~ — SDD11

Old adhoc SDD21

\ | Y
-40 - | V\ \ /\ n | — Ad-hoc SDD11
-45 'Mn An f

— New adhoc SDD21

SDD22

-65 - 1
-70 I
75 -
©O =2 N W A OO N ©® © = A A A A oa
O ©O O O © & o © 66 O =~ N W »~ o
©O © © © © ©6 &6 6 ©6 &6 o o o o o
©O © O © © © © © © ©6 ©6 © ©o © o
© © © © o o

Freq in MHZ




FORCE@ Channel Data CHI1T AGGRS

SDD21 SDD11 SDD22 CH17 AGGR3 N4000-13
y ,F(\-\ \ , _ \// \Vfﬁ vf—\u/" _'\/‘_m\/'rm\/_L‘hT
m JAYavaY
NG
A — SDD21
— SDD11
— JA SDD11
Old adhoc SDD21
,M — Ad-hoc SDD11
V W — New adhoc SDD21
SDD22
(
I
o — N w LN (@)] ()] ~ oo © — RN RN RN RN -
o o (@) o o o o o o o —_ N w LN (@) ]
(@) o (@) o o o o (@) o (@) o (@) o o o
(@) o (@) o o o o (@) o (@) (@) (@) (@) o (@)
(@) (@) o o o o
2 Freq in MHZ




FORCE@ | Cross lalk

m The limit lines are multi-aggressor.
m Data shown is multi-aggressor.
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FORCEGO Alhoughts =

m Refine channel parameters.

m Refine SMA launch characteristics. Use data
to model accurately informative TPS.

m Define SDD11/SDD22 at higher limit for
shorter daughter card and back plane
channels. Or dictate minimum trace length.

Note that two or more short lengths in a row
contribute to a higher SDD11.

m Define maximum stub length.
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