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Current Trends in Design Driving 1/0O Performance
I .————————
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Current Trends in Design Driving 1/0O Performance
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Current Trends in Design Driving 1/0O Performance

Back Plane Application
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Performance Measurement Setup - Differential
]

O Data Pattern
Q 1megabit in length using PRBS

J 8B10B Pattern
J 8B10B Encode Data Pattern

O Scrambled Pattern
O Scrambled Data Pattern based on proposed X"58+X"19+1 Sequence
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Performance Measurement Setup - Differential
]

0 Simulated Worst Case Differential Net in a dense Forwarding
Engine design.

gl v —1l
11in Diff Pair /w 20mil via pair
gl — v
. 5.5in Diff Pair .
v Via
Simulated Daughter card: .
Worst Case 500hm geometry SMA
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Performance Measurement Setup - Differential

U Test setup used in performance measurements

Pattern
Generator

Diff Pair

Trig

SMA-SMA splice to insert

Diff Pair

test board

!

Clock Source
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Differential Data Eye Patterns
-

O Scrambled 2.5gigabit AC-coupled data with just the test setup.

Color grade is enabled... Marker
Mode

»1, %1 Source

w1 Positian

22,3770 ns

Y1 Position

%2, Y2 Source

N A2 Position
50.0 ps/div 22.7494 ns
100 mUddiv 0.0 u Y »
2 100 mUAdiv 0.0 (1] o0 ml ' f0ons Y2 Position

FLO0 ml 5
oo ml : =z 157 ml

L/
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Differential Data Eye Patterns
-

U 8B10B 3.125gigabit AC-coupled data with just the test setup.

Color grade is enabled... Marker
Mode

[Lmanual |
w1, Y1 Zource
| channel 1 |
&1 Position

22.494980 ns
Y1 Positian
w2, Y2 Zource
channel 1

n2 Position

0.0 ps/div 22.7459 ns
1100 mUddiv a.o Y S
2100 mUAdiv a.oou

I L}
-174.00 ml  22.4480 ns Y2 Position
181.00 ml :

355.00 nU  297.4 ps

LAY =
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Differential Data Eye Patterns

1 Scrambled 10.0gigabit AC-coupled data with just the test setup.

Calor grade is enabled... Marker
Mode

[Lmanual |
w1, Y1 Zource

w1 Positian

Y1 Position

=130 ml

w2, Y2 Zource

channel 1

w2 Position

20.0 ps/div
1 100 mUAdiv 0.0 u r 5
2100 mUAdiw o.o i1 -130.00 m 29 3110 = T Erer
2(1) 121.00 m 27 5
251.00 ml 9 ps 121 ml
06 GHz

140N =
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Differential Data Eye Patterns

1 Scrambled 10.3gigabit AC-coupled data with just the test setup.

Color grade is enabled... Marker
_
Mode

ranual
»1, %1 Source

channel 1

' i : l! ..-_ : T b
5 3 A %1 Position
' : 22,3051 ns
; Y1 Position
13 o 0 ~134 ml)

%2, Y2 Source

channel 1

nd Positiaon

20.0 psidiv 22.3105 ns 22.3709 ns
1 100 mUddiw 0.0 u i b
100 mllAdiy 0.0 u ; ; 22 5 Y2 Position

123 ml
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Differential Data Eye Patterns

O 8B10B 12.5gigabit AC-coupled data with just the test setup.

Color grade is enabled... Marker
Mode

»1, %1 Source

channel 1

w1 Positian

22.55300 ns

Y1 Position

56 ml

%2, Y2 Source

nd Positiaon

10.0 ps/div 22.5725 ns 22.59460 ns
1100 mUAdiv 0.0 u il bt

2100 mUsAdiw o.o u Y2 Positian

75,00 mi g9 mll

1/4% = 24.038 GHz
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Differential Data Eye Patterns
-

O Scrambled 2.5gigabit DC-coupled data with just the test setup.

Color grade is enabled... Marker
Mode

[Lmanual |
w1, Y1 Zource

w2, Y2 Zource

channel 1

n2 Position

0.0 ps/div
1100 mUddiv =250 ml)
20100 mAdiv =250 ml

-410.00 ml
-53.00 mu
397.00 ml

174 = 2.6810 GHz
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Differential Data Eye Patterns
-

Marker
Mode

[Lmanual |
w1, Y1 Zource
channel 1
#1 Position

R I L= B | -
22027070 ns

Y1 Positian

w2, Y2 Zource

channel 1

n2 Position

0.0 ps/div 22,3532 ns

1100 mUddiv ) Y S

2 100 mUAdiv (1) = -416.00 ml 2 5 Y2 Pasition
2(1) = -61.00 mU

355.00 ml -61 mll
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Differential Data Eye Patterns

O Scrambled 10.0gigabit DC-coupled data with just the test setup.

Color grade is enabled... Marker

Maode
[Lmanual |
w1, Y1 Zource

#1 Position

22,9932 ns

Y1 Positian

w2, Y2 Zource

n2 Position

20.0 ps/div
100 mk/di 250 mh
100 mU/diw -250 ml

Y2 Positian
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Differential Data Eye Patterns

O Scrambled 10.3gigabit DC-coupled data with just the test setup.

Color grade is enabled... Marker
Mode

[Lmanual J

w1, Y1 Zource

| channel 1 J

#1 Position

22,4350 ns

Y1 Positian

w2, Y2 Zource
| channel 1 |

n2 Position

20.0 ps/div
1 100 mUAdiv =250 ml .
2 100 mUAdiv -250 ml) i) 380,00 m : Y2 Position

=127 mu
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Differential Data Eye Patterns

O 8B10B 12.5gigabit DC-coupled data with just the test setup.

Color grade is enabled... Marker
Mode

[Lmanual |
w1, Y1 Zource

#1 Position

= isln -
22.05720 ns

Y1 Positian

=350 ml

w2, Y2 Zource

channel 1

n2 Position

10.0 ps/div 22.1047 22.124920 ns
1100 mUddiv =250 ml) Y S
2100 mUAdiv -250 mb) 1) ml Z 20 ns Y2 Position
201) -161.00 ml ; 21

189.00 nl 3 . -161 ml

] - = -
1A4% = 27,027 GHz
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Differential Data Eye Patterns

O Scrambled 2.5gigabit AC-coupled data with 5.5inch differential

Calor grade is enabled...

Mode

[ manual |

w1, Y1 Source

channel 1

w1 Position
22,1395 ns

Y1 Positian

-136 ml

%2, Y2 Zource

channel 1

52 Positian

50.0 psddiv 22,4990 ns
1100 mUsdiv 0.0 u W

2100 muUSdiy o.ou Y2 Positiaon

e

2.7816 GHz
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Differential Data Eye Patterns

1 8B10B 3.125gigabit AC-coupled data with 5.5inch differential

Calor grade is enabled...

Mode
w1, Y1 Source

w1 Position

22,1280 ns

Y1 Positian

%2, Y2 Zource

channel 1

52 Positian

S50.0 ps/div
1 100 mlAdiy 0.0 u
100 mUsdiw g.o0 u

-152.00 ml) 22,1280 ns Ma B o
159,00 mu " =
J11.00 mu
I
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Differential Data Eye Patterns
-

O Scrambled 10.0gigabit AC-coupled data with 5.5inch differential
pair.

Colar grade is enabled... Marker
Mode

" ELLE]L

al, Y1 Zource
channel 1

w1 Position

22.26890 ns

Y1 Positian

=18 mU

A2, Y2 Lource

w2 Positian

10,0 psddiv 22.2911 ns 22.30150 ns
100 mUAdiw o.ou Y

100 mlAdiy .o i1 -15.00 ml 0 ns ¥2 Paositiaon

11.00 my 5
29,00 ml 5 11 ml

1/ 4%
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Differential Data Eye Patterns
-

O Scrambled 10.3gigabit AC-coupled data with 5.5inch differential
pair.

Marker

Mode
[Lmanual
al, Y1 Zource

channel 1

w1 Position

22,29410 13

Y1 Positian

=18 mU

A2, Y2 Lource

| channel 1 |

#2 Positiaon
| 22.32580 ns

10,0 psddiv 22,3105 ns
100 mUAdiw o.ou Y

100 mlAdiy o.ou L13 = -18.00 ml ' 2910 ns Y2 Pasition

9 mb

27.00 ml
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Differential Data Eye Patterns
-

1 8B10B 12.5gigabit AC-coupled data with 5.5inch differential
pair.

Marker
Mode

[Lmanual
al, Y1 Zource

channel 1

w1 Position

Y1 Positian

A2, Y2 Lource

w2 Positian

10,0 psddiv 22.07850 ns
1100 mU/diw o.o U " by

2100 mUAdi o.o L P13y = -§.00 mb) 2. 5 Y2 Positian

9 mb

17.00 mb

u 5
40.00 GHz
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Differential Data Eye Patterns

O Scrambled 2.5gigabit AC-coupled data with 11inch differential

pair and two VIAs.
Colar grade is enabled... Marker

al, Y1 Zource

channel 1

-156 ml

A2, Y2 Lource

w2 Positian

50.0 psddiv
100 milAdiy o.o U

2100 mUddiw o.o U Y2 Position

155 ml

E_QDEI GHz
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Differential Data Eye Patterns

O 8B10B 3.125gigabit AC-coupled data with 11inch differential

pair and two VIAs.
Colar grade is enabled... Marker
Mode

| ELLE]L
al, Y1 Zource

channel 1

w1 Position

A2, Y2 Lource

w2 Positian

50.0 psddiv 22,6601 ns
100 mUAdiy o.o " by
2100 mUAdiy o.o L fﬂ EI il 22.3820 ns Y2 Positian

1/4% = 3.596 GHz
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Differential Data Eye Patterns

O Scrambled 2.5gigabit AC-coupled data with 22inch differential
pair and four VIAs.

Colar grade is enabled... Marker
Mode
| manual
al, Y1 Zource

channel 1

w1 Position

HII I|||||||||||||||||||||||||II i.l!!!l!!ﬂ

P ‘ ' 22,4950 ns
m iy - Y1 Position
- g = ) A -102 mi

A2, Y2 Lource

w2 Positian

50.0 psddiv 22.59533 ns 22.7401 ns
1100 mUAdiw 0.0 o by
2100 mlAdiv g.o 1401} = -102,00 md 22.4980 ns Y2 Position
2017 101.00 mu 0l ns
! 203.00 ml) ps 101 mb)

1/4% = 4.131 GHz
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Differential Data Eye Patterns

O 8B10B 3.125gigabit AC-coupled data with 22inch differential
pair and four VIAs.

Color grade is enabled... Marker
Maode

| manual
&1, Y1 Source

channel 1

®1 Positian

22,3550 ns

Y1 Position

ne2, T2 Source

n? Position

50.0 psddiw 22,7466 ns
1100 mb/diw n.ou y
2100 mlAdiy 0.0 u ,E E 0l . 2l ns Y2 Position
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Differential Data Eye Patterns

O Scrambled 2.5gigabit DC-coupled data with 5.5inch differential
pair.

Colar grade is enabled... Marker
Mode

[Lmanual
al, Y1 Zource

channel 1
w1 Positiaon

22,0693 ns

Y1 Positian

=290 ml

A2, Y2 Lource

channel 1

w2 Positian

50.0 psddiv 22,9315 ns
1 100 mUddiw =250 ml b3
2100 mUAdiy -250 mU

-390, 00 ml 22.0843 ns Y2 Positian

~77.00 v 22.4315 ns
313.00 wd 367.2 ps

1443
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Differential Data Eye Patterns

1 8B10B 3.125gigabit DC-coupled data with 5.5inch differential
pair.

Color grade is enabled... Marker
Maode

[Lmanual
&1, Y1 Source

®1 Positian

AT TDTE foe
22040 N5

Y1 Position

ne2, T2 Source

n? Position

50.0 psddiw 22,6655 ns

1 100 mU/div =250 ml A

2100 mlAdiy -250 ml V1) = -394.00 my 22 5 Y2 Pasition
201) = -79.00 my

] =
315,00 ml 1.7 ps
S 3.550 GHz
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Differential Data Eye Patterns
-

0 Scrambled 10.0gigabit DC-coupled data with 5.5inch differential
pair.

Marker
Mode

[Lmanual
al, Y1 Zource

channel 1

w1 Position

22.4018 ns

Y1 Positian

=298 ml

A2, Y2 Lource

w2 Position
22,9360 ns
1 100 mUddiw
2 100 mi/diy (10 298,00 m a9 g ns Y2 Position
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Differential Data Eye Patterns
-

0 Scrambled 10.3gigabit DC-coupled data with 5.5inch differential
pair.

Color grade is enabled... Marker
Maode

[Lmanual
&1, Y1 Source

channel 1

®1 Positian

22,4158 ns

Y1 Position

ne2, T2 Source

channel 1

\ &2 Positiaon
20,0 psddiw 22,9622 ns
1 100 mbAdivw 250 ml Y
2100 mbAdiv -250 ml _; ; .00 ml) 22 s Y2 Positian
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Differential Data Eye Patterns
-

O 8B10B 12.5gigabit DC-coupled data with 5.5inch differential
pair.

Color grade is enabled... Marker
Maode

[Lmanual
&1, Y1 Source

channel 1

®1 Positian

22.497360 ns

Y1 Position

=260 ml

ne2, T2 Source

channel 1

n? Position

10,0 psddiw 22,9926 ns 2299660 ns
1100 mUAdiv  -250 ml 0
2100 mUSdiy -250 mh ; ; 260, 22 5 Y2 Paositiaon

=241 ml
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Differential Data Summary
-

Equipment 5.5inch Length 11linch Length 22nch Length
Ampinmv Widthinps |Ampinmv Widthinps Ampinmv Widthinps Ampinmv  Widthin ps
DC Coupled
Scrambled 2.5 347 373 313 367
8B10B 3.125 355 296 315 282
Scrambled 10.0 265 64 Barely Open
Scrambled 10.3 253 60 Barely Closed
8B10B 12.5 189 37 Closed
AC Coupled
Scrambled 2.5 311 372 279 360 311 344 203 242
8B10B 3.125 355 297 311 289 321 278 165 192
Scrambled 10.0 251 66 Barely Open
Scrambled 10.3 257 66 Barely Closed
8B10B 12.5 175 42 Closed
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Performance Measurement Setup - Optical
]

 Data Pattern
Q 1megabit in length using PRBS

J 8B10B Pattern
J 8B10B Encode Data Pattern

O Scrambled Pattern
O Scrambled Data Pattern based on proposed X"58+X"19+1 Sequence
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Performance Measurement Setup - Optical

U Test setup used in Optical performance measurements

Cielo VXCEL Laser 850nm

LazrSPEED 300m mmf

/ Test Receiver

TX . RX
Pattern

Generator

Scope
Trig

T

Clock Source
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Optical Data Eye Patterns
-]

O Scrambled 10.0gigabit data with fiber length 1m.

Color grade is enabled...

Mode
| manual |
x1, Y1 Zource
| channel 1
%1 Position

24,3574 13

Y1 Positian

47,53 ml

»2, ¥2 Lource
Lchannel 1

%2 Position

20.0 psidiv 29, 3864 24.4130 ns
30.0 mUAdiv -5.8 ml

7.a00 ml . 33749 ns Y2 Position

L4130 ns
o FUU 23.6 ps
.99 GHz

-42.9 ml
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Optical Data Eye Patterns

O 8B10B 12.5gigabit data with fiber length 1m.

Marker
Hode

al, Y1 Zource

| channel 1

w1l Positian
29,4059 ns

Y1 Positiaon

37,9 mi

&2, Y2 Source

| channel 1
w2 Position
20.0 ps/div

30.0 mU/div  -5.8 mu
Y2 Position

-31.6 ml

ol B2 P

Lo ]

Lucent Technologies

Bell Labs Innovations
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Optical Data Eye Patterns
-]

O Scrambled 10.0gigabit data with fiber length 300m.

Colaor is enabled...

Mode
[ manual |
al, Y1 Zource

Lchannel 1

w1l Positian
Y1 Positiaon

&2, Y2 Source

| channel 1

1 30.0 mU/diw

finl ; 1 N Y2 Position

k)

il -27.49 ml
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Optical Data Eye Patterns

O 8B10B 12.5gigabit data with fiber length 300m.

Colar Marker
Hode

manual
s1, Y1 Source

channel 1

%1 Position

24.3948 ns

Y1 Position

a2, Y2 Source

%2 Position

1 30,0 mlAdiy

100 ml
00 mb

o0
=a
LN

Y2 Position

N I
=a
(1)}

X
4
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Optical Data Summary
|

Equipment 300m mmf
Ampinmv  Widthinps Ampinmv  Widthin ps
Scrambled 10.3 90 56 61 43
8B10B 12.5 70 30 27 26
:lfiﬁ 4-Mar-00 page40 Lucent Technologies

Bell Labs Innovations



IDLE Pattern Spectral Measurements
]

O Data Pattern
Q 1megabit in length using PRBS

J 8B10B Pattern
J 8B10B Encode Data Pattern

O Scrambled Pattern
O Scrambled Data Pattern based on proposed X"58+X"19+1 Sequence
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IDLE Pattern Spectral Measurements
]

U Test setup used in spectral measurements

Pattern Spectrum
Generator Analyzer

coax

Clock Source
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IDLE Pattern Spectral Measurements
|

U Green: PRBS 277-1 2.5¢gbit/sec
0 Red: 8B10B 3.125gbit/sec

3] 17:22:24 MAR 2, 2888
AL 28.80 dBa MKR #1 FRQ 11.4Y 6K
ATTEN 30 dB -4@.49 d¢
{8.80 dB/DIV

REFERENCE LEVEL
2d.08 dBa

CENTER 11.22 GHz SPAN 22.00 GHz
RE 3.88 MH:z UB 3.88 MHz 8T 385.6 msec
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IDLE Pattern Spectral Measurements

0 Green: PRBS 277-1 10gbit/sec

0 Red: 8B10B 12.5gbit/sec
=) 17:13:44 HAR 2, 2848

FL 28.88 dBnm HKR 21 FRO 11.44 GH
ATTEN 38 dB -Y2.74 dis
18.88 dBs/DIV

REFERENCE LEVEL

28.88 dBs

CENTER 11,22 GHz SPAN 22.00 GH:
RE 3.88 NHz VB 3,08 MH: ST 385.6 msec
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Data Summary
]

O 10gigabit Scrambled data offers a 57% greater differential
horizontal opening / 65% greater optical horizontal opening over
12.5gigabit 8B10B encoding.

O Effects of DC wander are difficult to observe.
O Scrambled data offers EMI advantages over 8B10B encoding.
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