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48 x SFP+
10Gbps x 48 = 480Gbps

4 x CFP
100Gbps x 4 = 400Gbps

32 x CFP4
100Gbps x 32 = 3.2Tbps
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PCIe4 x1
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Tbit

T

bps : bit per second
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S21: $%$%$%$% &'&'&'&'

S11: ()()()() &'&'&'&'

S21: $%$%$%$% &'&'&'&'

S11: ()()()() &'&'&'&'

S21: $%$%$%$% &'&'&'&'

S11: ()()()() &'&'&'&' x**** : ������������ [GHz]
y**** : S11, S21

x: linear
y: linear

x: linear
y: log

x: log
y: log
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Total Jitter (TJ)

Deterministic Jitter 
(DJ)

Bounded uncorrelated 
Jitter (BUJ)

Data Dependent Jitter (DDJ)

Duty Cycle
Distortion (DCD)

Intersymbol
Interference (ISI)

Random Jitter (RJ)
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:R1'$::R1'$::R1'$::R1'$:
STSTSTST (JKJKJKJK )

UIKVWUIKVWUIKVWUIKVW

PQPQPQPQ STSTSTST
(JKJKJKJK )

UIKVWUIKVWUIKVWUIKVWISIXYXYXYXYUIKVWUIKVWUIKVWUIKVW Z[\]*Z[\]*Z[\]*Z[\]*

Periodic
Jitter (PJ)

Non Periodic
Jitter (NPJ)
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8mV
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�1'	�1'	�1'	�1'	 �fg*	
�fg*	
�fg*	
�fg*	

���	+h3*6ij����	+h3*6ij����	+h3*6ij����	+h3*6ij�

45
��� �

��������� � � � !"#$%&'()!"#$%&'()!"#$%&'()!"#$%&'()* ***
+%,-*+%,-*+%,-*+%,-*

LM�$��NkLM�$��NkLM�$��NkLM�$��Nk l�l�l�l�
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Channel
GND plane

Channel

via

GND plane

GND pattern

oooo pqNr"rstu]*�pqNr"rstu]*�pqNr"rstu]*�pqNr"rstu]*�
oooo pqNr�v$�Htw�*�pqNr�v$�Htw�*�pqNr�v$�Htw�*�pqNr�v$�Htw�*�
oooo �\tv$�Hg*��\tv$�Hg*��\tv$�Hg*��\tv$�Hg*�

� ^_xy"S\^_xy"S\^_xy"S\^_xy"S\
� z{|�"}~z{|�"}~z{|�"}~z{|�"}~
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����1234�56�7
8�9:�,(����1234�56�7
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8�9:�,(����1234�56�7
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�RST�RST�RST�RST (PI : power integrity) �UV�JK0�UV�JK0�UV�JK0�UV�JK0
��W.I@I���
8X'YA�0��W.I@I���
8X'YA�0��W.I@I���
8X'YA�0��W.I@I���
8X'YA�0

1 2
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PCB, cableTx Rx
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45674567456745673�89:;<3�89:;<3�89:;<3�89:;<
BCBCBCBC (�������� )1DEFGH1IJ1�K�L��***1DEFGH1IJ1�K�L��***1DEFGH1IJ1�K�L��***1DEFGH1IJ1�K�L��***
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=>?@ABCD=>?@ABCD=>?@ABCD=>?@ABCD

EFGHI6EFGHI6EFGHI6EFGHI6EFGHI6EFGHI6EFGHI6EFGHI6

1. >JEKLMNLO>JEKLMNLO>JEKLMNLO>JEKLMNLO *1
2. DFE *2

*1 : CTLE (Continuous Time Linear Equalizer MNOF6P@QRMNOF6P@QRMNOF6P@QRMNOF6P@QR )S0T?*S0T?*S0T?*S0T?*
*2 : DFE (Decision Feedback Equalizer  UVWXY@QRUVWXY@QRUVWXY@QRUVWXY@QR )

������������

���� ����
/ ���� ���� ��������

>?>?>?>?
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CTLE : Continuous Time Linear Equalizer
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DFE (1-tap, impulse 	O	O	O	O )
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DFE (3-tap, impulse 	O	O	O	O )
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DFE (5-tap, impulse 	O	O	O	O )
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DFE (5-tap, impulse 	O	O	O	O )
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DFE (5-tap, impulse 	O	O	O	O )
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DFE (5-tap+floating-tap, impulse 	O	O	O	O )
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PAM : Pulse Amplitude Modulation
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:;<:;<:;<:;<

CTLE

’“’“’“’“
ADC „…„…„…„…

FFE

DFEdriver

—˜™—˜™—˜™—˜™ : ÅÆÇÈWXÅÆÇÈWXÅÆÇÈWXÅÆÇÈWX + É².7É².7É².7É².7 WXWXWXWX
_˜™_˜™_˜™_˜™ : ÅÆÇÈWXÅÆÇÈWXÅÆÇÈWXÅÆÇÈWX

pre-emphasis

:;<:;<:;<:;<
’“’“’“’“
ADC

„…„…„…„…

FFE

DFE

’“’“’“’“
DAC

FFE

²²²²³ ³³³´́́́³ ³³³

:;<:;<:;<:;< ’“’“’“’“
ADC „…„…„…„…

FFE

DFE

’“’“’“’“
DACFFE

CTLE

—˜™—˜™—˜™—˜™ : ÅÆÇÈWXÅÆÇÈWXÅÆÇÈWXÅÆÇÈWX + É².7É².7É².7É².7 WXWXWXWX_˜™_˜™_˜™_˜™ : É².7WXÉ².7WXÉ².7WXÉ².7WX

—˜™—˜™—˜™—˜™ : É².7WXÉ².7WXÉ².7WXÉ².7WX_˜™_˜™_˜™_˜™ : É².7WXÉ².7WXÉ².7WXÉ².7WX

4PAM(|\]�_˜(|\]�_˜(|\]�_˜(|\]�_˜
™�ÅÆÇÈWX(c™�ÅÆÇÈWX(c™�ÅÆÇÈWX(c™�ÅÆÇÈWX(c
�������� (¡¢“wcH,�¡¢“wcH,�¡¢“wcH,�¡¢“wcH,� )

8PAM w�,Y�_ w�,Y�_ w�,Y�_ w�,Y�_
˜™(cÉ².7WX˜™(cÉ².7WX˜™(cÉ².7WX˜™(cÉ².7WX
�¾¿��¾¿��¾¿��¾¿�

Öw�¡¢“�jÓ�Öw�¡¢“�jÓ�Öw�¡¢“�jÓ�Öw�¡¢“�jÓ�
,�z¥�jVw�,,�z¥�jVw�,,�z¥�jVw�,,�z¥�jVw�,
Y�—˜™c×0É²Y�—˜™c×0É²Y�—˜™c×0É²Y�—˜™c×0É²
.7WXw�.7WXw�.7WXw�.7WXw�
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2. &'�()*+&'�()*+&'�()*+&'�()*+ (FEC)
,-,-,-,- ././././ BER0123456780123456780123456780123456789 999(:2;<789:2;<789:2;<789:2;<789 )

=>?@ABCDAEF=>?@ABCDAEF=>?@ABCDAEF=>?@ABCDAEF GHAI�
���0GHAI�
���0GHAI�
���0GHAI�
���0 (JKJKJKJK )
L0M9L0M9L0M9L0M9

QPSK : Quadrature Phase Shit Keying
QAM : Quadrature Amplitude Modulation
DMT : Discrete Multi-Tone
FEC : Forward Error Correction

XYZ[\�]^_XYZ[\�]^_XYZ[\�]^_XYZ[\�]^_

Copyright 2013 FUJITSU SEMICONDUCTOR LIMITED
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1. NOP
NOP
NOP
NOP
 (QR;S6T38M*+UQR;S6T38M*+UQR;S6T38M*+UQR;S6T38M*+U )
- QPSK, QAM, DMT...
VWXYLZ3���Y[ZA!"YVWXYLZ3���Y[ZA!"YVWXYLZ3���Y[ZA!"YVWXYLZ3���Y[ZA!"Y\]^9 \]^9\]^9\]^9

=>=>=>=> ?@?@?@?@ (�_`�a�_`�a�_`�a�_`�a )AbcdeMf/AbcdeMf/AbcdeMf/AbcdeMf/ BCDAEFGHBCDAEFGHBCDAEFGHBCDAEFGH

BER @ FEC^_^_^_^_
B

E
R

 @
 F

E
C

���� ����

64QAM 16QAM 4QAM
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������������

������ ������

�������� `̀̀̀��������`aabcde`aabcde`aabcde`aabcdefg���fg���fg���fg���

������������

���
��

���
��

���
��

���
��

64QAM 16QAM 4QAM

������������

������ ������

¡¢£¤>E¡¢£¤>E¡¢£¤>E¡¢£¤>E
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constellation
mapping

iFFT
adding

cyclic prefix DAC

equalization +
constellation
demapping

FFT
removing

cyclic prefix ADC

Tx parallel
data

Rx parallel
data

Tx serial data

Rx serial data

>100Gbps

>100Gbps

DMT : Discrete Multi-Tone
ADSL Srµ&¶+1·~2¸¹´³�º,Srµ&¶+1·~2¸¹´³�º,Srµ&¶+1·~2¸¹´³�º,Srµ&¶+1·~2¸¹´³�º,

»*(»*(»*(»*( 1000¼½i��¾“¿,¼½i��¾“¿,¼½i��¾“¿,¼½i��¾“¿,

ADC/DAC�À’“�¾�À’“�¾�À’“�¾�À’“�¾ (50~65GSa/s)5555
CÁ,CÁ,CÁ,CÁ,>50GSa/s

>50GSa/s

��TÂÃÄÅÆ�«/��TÂÃÄÅÆ�«/��TÂÃÄÅÆ�«/��TÂÃÄÅÆ�«/
ÇPÈ1,ÇPÈ1,ÇPÈ1,ÇPÈ1,

:;</•É¶'•ÊËÌ†:;</•É¶'•ÊËÌ†:;</•É¶'•ÊËÌ†:;</•É¶'•ÊËÌ†
�•‚5Í+��5§1,�•‚5Í+��5§1,�•‚5Í+��5§1,�•‚5Í+��5§1,

•‚5Í+��•‚5Í+��•‚5Í+��•‚5Í+�� : bit †TÎÏ1,†TÎÏ1,†TÎÏ1,†TÎÏ1,
•‚5Ð+��•‚5Ð+��•‚5Ð+��•‚5Ð+�� : bit †TiÏ1,†TiÏ1,†TiÏ1,†TiÏ1,
:;</•P(³aTÑ‰,:;</•P(³aTÑ‰,:;</•P(³aTÑ‰,:;</•P(³aTÑ‰,

8
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�� ����������� !�
�	"�#����� “Discrete Multi-tone Technology for 100G Ethernet (100GbE)”$%&'()*+
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DMT: 1�������� 100Gbps ����������������������������
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64GSa/s 
CMOS ADC

64GSa/s
CMOS DAC

28G VSR
Š‹UIKŠ‹UIKŠ‹UIKŠ‹UIK

8
���

���
���

���
���

���
���

���
[G

bp
s]

Ø/ÙÚ6Å“Ø/ÙÚ6Å“Ø/ÙÚ6Å“Ø/ÙÚ6Å“

Ø/ÙÚ6ÅØ/ÙÚ6ÅØ/ÙÚ6ÅØ/ÙÚ6Å

bi
t �� ��

QAM128
QAM64

QAM32

`a�b"cd()efghi`a�b"cd()efghi`a�b"cd()efghi`a�b"cd()efghi
3jk)3jk)3jk)3jk) bit lmno*lmno*lmno*lmno*

`a�4p(efghi3`a�4p(efghi3`a�4p(efghi3`a�4p(efghi3
j�'()*j�'()*j�'()*j�'()*

IJ1qr@ s-tIJ1qr@ s-tIJ1qr@ s-tIJ1qr@ s-t
ul%v7wx-*ul%v7wx-*ul%v7wx-*ul%v7wx-*

ÒÓÔ�ÕÒÓÔ�ÕÒÓÔ�ÕÒÓÔ�Õ
ÖÖÖÖSMF,2km)

constellation
mapping

iFFT
adding

cyclic prefix DAC

equalization +
constellation
demapping

FFT
removing

cyclic prefix ADC

Tx parallel
data

Rx parallel
data

Tx serial data

Rx serial data

>100Gbps

>100Gbps

>50GSa/s

>50GSa/s

E/O´×´×´×´×

O/E´×´×´×´×

�� ��������	
��
������������ “Discrete Multi-tone Technology
for 100G Ethernet (100GbE)”��������

10Gbps y8 z{(|y8 z{(|y8 z{(|y8 z{(|
}~•��m}~•��m}~•��m}~•��m >100Gbps
 €•‚0ƒ„/* €•‚0ƒ„/* €•‚0ƒ„/* €•‚0ƒ„/*

www.fujitsu.com/global/news/pr/archives/month/2013/20130314-02.html
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��
����
����
����
��

BER @ FECwŒwŒwŒwŒ
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UI,y	�	•
UIK"`a	Ž•h3*�UI,y	�	•
UIK"`a	Ž•h3*�UI,y	�	•
UIK"`a	Ž•h3*�UI,y	�	•
UIK"`a	Ž•h3*�
=> UIK•XYJK"VWt‘=�(
UIK•XYJK"VWt‘=�(
UIK•XYJK"VWt‘=�(
UIK•XYJK"VWt‘=�(
 BERt\]•�3��t\]•�3��t\]•�3��t\]•�3��

^_�,ÉM.wÛ�ÜÝÞß1!à�,�^_�,ÉM.wÛ�ÜÝÞß1!à�,�^_�,ÉM.wÛ�ÜÝÞß1!à�,�^_�,ÉM.wÛ�ÜÝÞß1!à�,�
FEC : Forward Error Correction

(1) latency( ©ª«¬©ª«¬©ª«¬©ª«¬ )�»á,��»á,��»á,��»á,�
(2) data rate ���� (�S�S�S�S )»á,�»á,�»á,�»á,�
(3) Œ` �»á,�klmn�»á,�Œ` �»á,�klmn�»á,�Œ` �»á,�klmn�»á,�Œ` �»á,�klmn�»á,�

’�
’�
’�
’�


(1) Ç²34>4Ç341âã,�Œ`>ä}�Ç²34>4Ç341âã,�Œ`>ä}�Ç²34>4Ç341âã,�Œ`>ä}�Ç²34>4Ç341âã,�Œ`>ä}�
(2) •\åâ>æç���•\åâ>æç���•\åâ>æç���•\åâ>æç���
(3) ˆÇè-é4êÇ²>ëìYíwî§�ˆÇè-é4êÇ²>ëìYíwî§�ˆÇè-é4êÇ²>ëìYíwî§�ˆÇè-é4êÇ²>ëìYíwî§�

NO�
NO�
NO�
NO�


ØÙ0ØÙ0ØÙ0ØÙ0 Reed Solomon code

10-4Ú¿�Ú¿�Ú¿�Ú¿� BER5555 10-15/ÛÜ/ÛÜ/ÛÜ/ÛÜ

B
E

R
 @

 F
E

C
���� ����
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hi���j��hi���j��hi���j��hi���j��hi���j��hi���j��hi���j��hi���j��

������������������������

LSI

~125mm

~500mm

ïð²ñM7ïð²ñM7ïð²ñM7ïð²ñM7

13.5dB

22.9dB18.6dB

31.4dB

3.4dB

1.9dB

2.3B

1.4dB

500mm

50mm

������������������������

LSI

~50mm

ïð²ñM7ïð²ñM7ïð²ñM7ïð²ñM7
ÅËJÅËJÅËJÅËJ

LSI�ÝÞ�ÝÞ�ÝÞ�ÝÞ (~50mm)S(ÒS(ÒS(ÒS(Ò ���� ?ß´×TÑsà(67?ß´×TÑsà(67?ß´×TÑsà(67?ß´×TÑsà(67
�89+á��iS�â9ã*5vO0P(675¥1,�89+á��iS�â9ã*5vO0P(675¥1,�89+á��iS�â9ã*5vO0P(675¥1,�89+á��iS�â9ã*5vO0P(675¥1,
- ’ä0klåæ5CÁN+,’ä0klåæ5CÁN+,’ä0klåæ5CÁN+,’ä0klåæ5CÁN+,
- ’+ËÌ†ç�€èqéê,’+ËÌ†ç�€èqéê,’+ËÌ†ç�€èqéê,’+ËÌ†ç�€èqéê,

10

ïŠ‹J2ïŠ‹J2ïŠ‹J2ïŠ‹J2

YW/(!
ë��YW/(!
ë��YW/(!
ë��YW/(!
ë�� (PKG)ì£S�´×(í
žiì£S�´×(í
žiì£S�´×(í
žiì£S�´×(í
ži
(cip-on-chip) S�´×TÑsà67'XYOS91,S�´×TÑsà67'XYOS91,S�´×TÑsà67'XYOS91,S�´×TÑsà67'XYOS91,

Ò´×ƒ'(î#ïÒ´×ƒ'(î#ïÒ´×ƒ'(î#ïÒ´×ƒ'(î#ï (DWM)c5rs1,c5rs1,c5rs1,c5rs1,
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j67j67j67j67

legacy
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hi���j���*+hi���j���*+hi���j���*+hi���j���*+
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í
žðí
žðí
žðí
žð
1~50cm

3.125G

Õ
�žñ��Õ
�žñ��Õ
�žñ��Õ
�žñ��
50cm~1m

òÆ�òìòÆ�òìòÆ�òìòÆ�òì
1m~10m

�
�ð�
�ð�
�ð�
�ð
5m~100m

Ób«ðÓb«ðÓb«ðÓb«ð
0.1km~10km

���Ÿ��ð���Ÿ��ð���Ÿ��ð���Ÿ��ð
0.1km~10km

2005 2010 2015

5~6G 10G 15~20G 28G 56G

3.125G 5~6G 10G 20G 25G 50G

[IEEE ISSCC 2006 ATAC Design Forum������ ]

3.125G 5~6G 10G 20G 25G 50G

3.125G 5~6G 10G 20G 25G 100G

10G 40G 100G 400G

10G 40G 100G 400G
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Ò:;Ò:;Ò:;Ò:;

?ß:;?ß:;?ß:;?ß:; óô-.óô-.óô-.óô-.



HPI-PR0290-001

ÉM.ËMòÉM.ËMòÉM.ËMòÉM.ËMò [Gbps] 5~6.4 10~11 25~28 562.5~3.2

CTLE (EFGHEFGHEFGHEFGH )

DFE (EFGHEFGHEFGHEFGH )

PAM4¥¦<¥¦<¥¦<¥¦<

§|¨©§|¨©§|¨©§|¨©

=>?@ABCD=>?@ABCD=>?@ABCD=>?@ABCD ��=�t��=�t��=�t��=�t

DMT

���k+g��6���k+g��6���k+g��6���k+g��6

3

4

5

7

8

ªm«¬‘8<ªm«¬‘8<ªm«¬‘8<ªm«¬‘8< FEC

­®¯°±²­®¯°±²­®¯°±²­®¯°±²1

2 ³´­µ³´­µ³´­µ³´­µ , VIA±²±²±²±² , M¶·�±²M¶·�±²M¶·�±²M¶·�±²

9

>100

Copyright 2013 FUJITSU SEMICONDUCTOR LIMITED

ADC + FFE (�¸�¹�¸�¹�¸�¹�¸�¹ )+ DFE (�¸�¹�¸�¹�¸�¹�¸�¹ )6

“pre-set” “adaptive”

��=��=��=��=�t �t�t�t “floating-tap”

��=�t��=�t��=�t��=�t

PAM8

º45[3»¼ž½…º45[3»¼ž½…º45[3»¼ž½…º45[3»¼ž½…10 “”“”“”“” PKG chip

WDM

page 46
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�� !"�#$�� !"�#$�� !"�#$�� !"�#$
800mV

252mV

45mV

8mV

14mV

80mV

(x1/2 of data rate [Gbps])

25mV

28G-VSR

28G-SR

10GKR

25G-LR

CAUI

802.3bj
100GKR4
(w/ FEC)
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�� : IEEE802.3ap-2007, ba-2010,  OIF-CEI-3.0
20120221_25Gbps1_Diminico.pdf
Baseline Proposal for 100G Backplane Specification: dudek_01_0112 ������

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

PE + CTLE
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1. ������������������������ ��	��	��	��	
2. �������
��������
��������
��������
�
3. ������	������	������	������	
4. �
�������
�������
�������
������
5. ������������
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� g_&�hai`j;kAl�hmn/op0q<r<sLg_&�hai`j;kAl�hmn/op0q<r<sLg_&�hai`j;kAl�hmn/op0q<r<sLg_&�hai`j;kAl�hmn/op0q<r<sL
KAtuvw/uXsLop0x89KAtuvw/uXsLop0x89KAtuvw/uXsLop0x89KAtuvw/uXsLop0x89

� 25Gbps �#$/�#$/�#$/�#$/ vwkAyzvwkAyzvwkAyzvwkAyz {|*+}vwC*+/~{|*+}vwC*+/~{|*+}vwC*+/~{|*+}vwC*+/~
•€•€•€•€•8b‚ƒdT38M•8b‚ƒdT38M•8b‚ƒdT38M•8b‚ƒdT38M9 999

� „…„…„…„… /{|*+A†zƒ/{|*+A†zƒ/{|*+A†zƒ/{|*+A†zƒ A‡ˆA‡ˆA‡ˆA‡ˆ()U()U()U()U /‰‚;GŠvw//‰‚;GŠvw//‰‚;GŠvw//‰‚;GŠvw/
‹ŒkLZ]TM9‹ŒkLZ]TM9‹ŒkLZ]TM9‹ŒkLZ]TM9

� !"0•<8vwC;kAGŠvw/‹Œ0Ž••K38!"0•<8vwC;kAGŠvw/‹Œ0Ž••K38!"0•<8vwC;kAGŠvw/‹Œ0Ž••K38!"0•<8vwC;kAGŠvw/‹Œ0Ž••K38
M9M9M9M9

� GŠvw}‘vw}GŠvw}‘vw}GŠvw}‘vw}GŠvw}‘vw}/’“kA�i�”EF/’“kA�i�”EF/’“kA�i�”EF/’“kA�i�”EF GHU;/GHU;/GHU;/GHU;/ ������ ��
�h•–9—/˜ŒkN6ˆ™™šM9�h•–9—/˜ŒkN6ˆ™™šM9�h•–9—/˜ŒkN6ˆ™™šM9�h•–9—/˜ŒkN6ˆ™™šM9

l�ml�ml�ml�m
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