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Abstract

The traditional horizontal line card (HLC) technology with front pluggable optics and
PCB trace interconnect to the ASIC has served the industry well. However, as
electrical signaling rates have increased, the signal integrity has been degraded
because of the PCB trace length and rghgle connector geometry. Industry is
developing three advanced technologies to solve this challengaidax-over-

PCB, 2) near package optics (NPO), and 3) vertical line card (VLC). The panelists w

present the technical details and challenges of each approach and debate their
relative merits.



Traditional Line Card and Advanced Technology Alternatives
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IEEE P802.3 Electrical I/O Specifications (AUI)

AHistorically driven by KR (backplane) and CR (copper cable) applications
ALower loss applications such as C2M (chip to module) not optimized for
A Single AUI specification and singlepaltpose SerDes at each data rate
ATo maintain the paradigm, CR reach has decreased with increasing data rate:
A10G/lane: 15m
A25G/lane: 5m
A100G/lane:  2m
A200G/lane: 1m (approved objective for current 802.3d] Task Force)

A802.3dj TF realized that a single ~36dB loss SerDes is suboptimum for lower loss
applications



IEEE P802.3d) AUI Objectives

AWith strong support, IEEE 802.3dj adopted two 200 Gbps/lane AUl C2M objective:
A. Medium loss (~22 dB IL)

B. High loss (~36 dB IL)

A Advanced Technologies that are optimally supported by medium loss (~22 dB) spe
AStript AYyS (2 OSYUGSNI FNRY(G LI ySt atz2i0a
ATwinaxover PCB
ANPO
AVLC
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2RUHLC 16X ARUHLC 8x

Fabric application
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2RUHLC 16X =) NRIT 8x <= 4RLEC 8x

Z

X X

HBLC := Horizontal Back Line Card  Fabric application
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A4RUVLC, 64 OSFP, 2 Front ASIC (Assembly HioXiew)
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4RUVLC, 64 OSFP, 2 Front ASIC (Assembly Redresv)

J——

ARUVLC fans use less energy
than 1 or 2REHLC fans
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4RUVLC, 64 OSFP, 2 Front ASICRMNne 1 Frortalf Side View)
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4RUVLC, 64 OSFP, 2 Front ASICRMne 2 Frortalf Side View)
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4RUVLC, 64 OSFP, 2 Front ASICRMNne 2 Frortalf Side View)
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Horizontal Line Card Connector

top row lead

AU R
LS Al
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Vertical vs. Horizontal Line Card Connector
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Vertical OSFP Connector
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Vertical OSFP Connector Cage & Mating View

— Front Panel
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Vertical OSFP Connector Simulation Model
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Vertical OSFP Connector Insertion Loss

FEXT & NEXT in
Appendix 2
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Horizontal Line Card Double Density Connector

top row lead
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connector

HLC
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Vertical vs. Horizontal Line Card Double Density Connector

7.45
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.
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HLC
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Vertical OSFRD Connector

20.75

22.40
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Vertical OSKFRD Cage & Mating View
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Vertical OSFRD Connector Simulation Model
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Vertical OSFRD Connector Insertion LoSS
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224G PAM4 ASIC to VLC ModatieplineLink Loss

PCB Material: 1.0 dB/in
3in PCB 5in PCB
PKG+BGA 9.5 9.5
VLC (PCB) 3 5
CONNECTOR 1 1
HCB(TP1la) 3.5 3.5
Total 17 19

O O 0 OO0 C

VLC (PCB)

PKG+BGA

Connector
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Broadcom 2RWHLC, 64 OSFP, TH5 ASIC, Reference Design

220-CS160236-0S02 REV
COFAN 06722 23

A2RUHLC 16x Rack
AAdvantage:
APCB keyaxl P €
AProblems:
AS.|. of stacked
connectors
AObstruction of
module airflow
AAssembly of
Twinaxcables
ACan we have the
advantage without
the problems?



3.2RUVLC 10x Rack
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3.2RUVLC Rack w/ Left Sipane (No Backplane & No HBLC)

Left Side-plane

Z
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1ASIC y
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64 xSFP
0 KRn

-

Right Sideglane is an equivalent alternative



3.2RUVLC, 16 OSAP5 | = M ! { L /a5ay (Fromt ViewE H @

ASIC Heatsink Air Dam

CPU Heatsink Air Dam

& optional front Heatsink

o
' I
| I
y Conn- |
|

 Ctor CPU ASIC
| Left | (Top Plate and (Top Plate and
: PS;ide ! Heat Pipes not Heat Pipes not

ane T ST
i : ShO\Nn) ShOWﬂ) UG TR
v
' I

& optional front Heatsink

APCBStriplinelgeyax= 39mm + 12mm = 51mfa.0")
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HLC Optics vs. Vertical Line Card (VLC) Front Pluggable Optic
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Assembled on PCB Stripline 0Enmé  x
Near Package (NPC in PCB
Front Pluggable Stripline

(OSFP, OSFP) inpc ©°&Me& IX

VLC
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HLC Optics vs. Vertical Line Card (VLC) Front Pluggable Optic

Optics L RF I/O| Front | Air Flow
P Type FMAX Density Accesy Obstacles

Front Pluggable Stripline BEMH X Yes Cage &

(OSFP, QSFP) in PCB Connector

Front Pluggable  Twinax : Cables &

Al (OSFP, QSFP) over PCE U ves Connector
Assembled on PCB Stripline 0énmé  ox NG ASIC &

Near Package (NPC in PCB other NPOs¢

Front Pluggable Stripline .
VLC (OSFP, OSFP)  in PCB oéné¢ 1Ix Yes None

Vertical Line Card (VLC) / Advanced Technologies for Line Card Design Panel / DesignCon 2023 / 1 February 2023I{cJ. Wlenzér 46



HLC Optics vs. Vertical Line Card (VLC) Front Pluggable Optic

Ootics = L RF I/O| Front | Air Flow |Mature Cost
P Type FMAX Density Accesy Obstacles| Tech.

Front Pluggable Stripline : Cage &

(OSFP, QSFP) in PCB R I L= Connector M X
Front Pluggable  Twinax : Cables &

Alke (OSFP, QSFP) over PCE SDERAE] ves Connector No ~2X
Assembled on PCB Stripline . ASIC &

Near Package (NPC in PCB R NO other NPOs NO =

VLC Front Pluggable - Stripline oéné¢ 1Ix Yes None Yes 1x

(OSFP, QSFP) in PCB
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VLC Demo in Yamaichi Booth 738
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PCle 6.0 External Connector w/ftaer on Riser
DesignCon 2023 Panel:

PCle 6.0: Challenges of Achieving 64GT/s
f " with PAM4 in Lossy, HVYM Channels
1/31/23, 4:45¢ 6:00PM

From presentation byvladhumitaSanyal,
Retimer In riser card, thougth cable to peripherals ~ S- Mngr. Synopsys



Vertical OSFRD as PCle External ConnectoR&timer

DesignCon 2023 Panel:

PCle 6.0: Challenges of Achieving 64GT/s
i! " with PAM4 in Lossy, HVM Channels
1/31/23, 4:45¢ 6:00PM
From presentation byvladhumitaSanyal,

Retimer In riser card, thougth cable to peripherals ~ S- Mngr. Synopsys

e From proposal by Chris Cole to be made
I to OSFRXD Ad Hoc (part of OSFP MSA)

Mother Rosrd

Retimer in OSFP_XD ,through cable to peripherals
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Vertical OSFRD as PCle External Connector Insertion Loss

Module side Line Card side Top Side: waferl / wafer4 Normal Mating = 0.56mm
waferl waferd waferl waferd Low Side: wafer2 / wafer3 Normal Mating = 0.56mm
1 | 2 3 | 4 9 [ 10 1 | 1 Top Side: waferl / wafer4 Maximum Mating = 0.90mm
Low Side: wafer2 / wafer3 Maximum Mating = 0.90mm
wafer2 wafer3 wafer2 wafer3
5 | 6 7 | s 13 | 14 15 | 16

S-Parameters [Magnitude]

Frequency / GHz



Example 16x112G PAM4 AEC (or ACC) for Ethernet Applicatio
HiWire

Active Electrical Cable

1.6T OSFP-XD AEC

\\ Credo
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Vertical OSFP Connector Simulation Model

Vertical Line Card (VLC) / Advanced Technologies for Line Card Design Panel / DesignCon 2023 / 1 February 2023I{c0. Rodlenzdr

55



Vertical OSFP Connector FEX6bmm Normal Mating
Module side Line Card side Victim
1| 2Fro|nt 3 | 4 9 | 1oFrc|)m119| 12
Back Back \
5 | 6 | 7 | 8 13 | 149 15 | 16

-20

5Paramete¥ [Magnitude in dB]

15 20 25 30 35 40 45 50 55 60 65 70 75 80
Frequency / GHz



Vertical OSFP Connector FEX2Dmm Max Mating
Module side Line Card side Victim
1| 2Frort 3 9 | 10Fr(|mt119| 12
Back Back \
5 | 6 | 7 13 | 149| 15 || 16

-20

_______________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________________

------------------------------------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------

----------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------------------

___________________

_____________________________________________________________

_______________________

_________________________________________________________________

_________________

40 45 50 55 &0 65
Frequency / GHz



Vertical OSFP Connector NEXdomm Normal Mating

-20

-80

Module side Line Card side Victim
Front Front
2 | 3 e| 4 9 | 10 | 11 | 12
Back N Back
8 \\ 13 | 14 | 15 | 16

\S—Parameters [Magnitude in dB]

30 35 40 45 50 55 60 65 70 75 80
Frequency / GHz



Vertical OSFP Connector NEXIDmMm Max Mating

Module side Line Card side Victim
Front Front
1 | 2 | 3 e 4 9 | 10 | 11 | 12
Back N Back
5 | 6 o] 7 |8\\13 | 14 | 15 | 16

\ \ S-Parameters [Magnitude in dB]
'2[} T T T T T T T T T

dB

Frequency / GHz



Outline

AlIntroduction

ADual Front ASIC VLC Baseline

AVertical OSFP Connector

AVertical OSFRD Connector

A Striplinevs. TwinaxLoss

A Single Front ASIC VLC Alternatives

A Conclusions

AAppendix 1: PCle

AAppendix 2: Vertical OSFP Connector FEXT & NEXT

U Appendix 3: Vertical OSERD Connector FEXT & NEXT
AAppendix 4: Rack Power Limitations



Vertical OSFRD Connector Simulation Model

waferd
3 4
Module side Line Card side
- SR waferl wafer4 waferl wafer4
D i P 2 _ 1 | 2 3 | 4 9 |1O 11 | 12
"BLE j

waferl waf3r3 wafer? wafer3 wafer? wafer3
- s 5 | 6 7 | 8 13 |14] 15 | 16

AN 5y -
S AR R . .

5 6 | wafer4
liwaferz 11 12

waferl | g2 / y4

9 10 wafer3
et e , 15 1 X

—

16

wafer2
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Vertical OSFXD Connector FEXT56mm Normal Mating

Module side Line Card side
Top Side Top Side
waferl wafer4 waferl wafer4
1 | 2 3 | 9 | 10 Q\ 11 gl\ 12
Low Side Low\Side \
wafer2 wafer3 wafer2 wafer
5 | 6 7 | 130 14 |\ 15 | 18

Victim

%—Parameters [%nitude]

30 35

40

Frequency / GHz

45 50 55



Vertical OSFXD Connector FEXT56mm Normal Mating

dB

Module side Line Card side
Top Side Top Side Victim
waferl wafer4 waferl wafer4
1 | 2 3 | 4 9@ | 10 11 | 12
Low Side \ Low Side
wafer2 wafer3 Wafe\z wafer3
5 6 7 8 13 | \14e | 150 16
\@ramewme]

-20 : . : ;
-25 1 I I |
-30 1
35 1 f
-40 A
45 - f
-50 - : .
55 1 i | |
60 - ’ i i
65 | i i i
| | |
75 11 s | |
80 f f . . f

0 10 15 25 30 35 40 55

Frequency / GHz




Vertical OSKFRD Connector FEXBOmMm Max Mating

Module side Line Card side o
Top Side Top Side Victim
waferl wafer4 waferl wafer4
1 | 2 3 | 4 9 | 10| 11| 12
Low Side Low\Side \
wafer2 wafer3 wafer2 wafer
5 | 6 7 | s 139 | 14 15 | 18,
/ %—Parameters [Mygnitude]

Frequency / GHz




Vertical OSKFRD Connector FEXBOmMm Max Mating

dB

Module side Line Card side
Top Side Top Side Victim
waferl wafer4 waferl wafer4
1 | 2 3 | 4 o | 10 11 | 12
Low Side \ Low Side
wafer2 wafer3 wafé( wafer3
5 6 7 | s 13 | \14e | 15| 16

\ xaram%\h’!agmtude]

Frequency / GHz



Vertical OSFRD Connector NEXIT56mm Normal Mating

dB

Module side Line Card side
Top Side Top Side Victim
waferl wafer4 waferl wafer4
1 | 2 q\ 3e| 4 9 | 10 1 | 12
Lov& Side \ Low Side
wafer2 wa1\er3 wafer2 wafer3
5 | 6 7 |\ s 13 14 15 | 16

-20

\

S-Parameters [Magnitude]
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Vertical OSFRD Connector NEXIT56mm Normal Mating

Module side Line Card side
Top Side Top Side Victim
waferl wafer4 waferl wafer4
1@ | 2 3 | 4 9 | 10 11 | 12
\ Low Side Low Side
wafe\z wafer3 wafer2 wafer3
5 |\ece| 7e] 8 13 14 15 | 16




