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Horizontal Line Card (HLC)

Front Pluggabl
(OSFP, QSFP
Stripline in PC
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Horizontal Line Card (HLC) Optics Roadmap

HLC .
Front Pluggabl Front Pluggable Assembled on CoPackaged
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Stripline in PC Twinax over PCFB Package (NPO (CPO)
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Horizontal Line Card (HLC) Optics

: RF RF I/O

Front Pluggable Stripline :
(OSFP, OSFP) inpcg PEMH 1

Front Pluggable  Twinax hEMH X
(OSFP, QSFP) over PCE
HLC

Assembled on PCB Stripline

Near Package (NPC in PCB R

CoPackaged Stripline o g Sox
w/ ASIC (CPO) in Cerami
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Horizontal Line Card (HLC) Optics

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

Front Pluggable Stripline | ., Cage &
(OSFP, OSFP) inpcg PEMH X Yes i nector

Front Pluggable  Twinax hEMH X YVes Cables &
(OSFP, QSFP) over PCE Connector
HLC
Assembled on PCB Stripline 0éné  ox NG ASIC &
Near Package (NPC in PCB other NPOs¢

CoPackaged Stripline o g Sox NG ASIC &
w/ ASIC (CPO) in Cerami other CPOs
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Horizontal Line Card (HLC) Optics

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

Front Pluggable Stripline :
(OSFP, QSFP) in PCB SR ves Connector ves X

Cage &

Front Pluggable  Twinax : Cables &
(OSFP, QSFP) over PCE gl ) €S | connector 0 >2X
HLC
Assembled on PCB Stripline ., ASIC &
Near Package (NPC in PCB L e A other NPO:s NE >1X

CoPackaged  Stripline : ASIC &
w/ ASIC (CPQO) in Cerami hE P M other CPO:s e >2X
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Background

AHLC 1/O bottlenecks require breakthroughs to advance compute, Al and ML,
including:

A Significantly denser, more scalable, and loywewer optics
Alnnovations across photonics, electronics, packaging, and manufacturing
AHowever, conventional approaches limit breakthroughs:

AThis presentation is an example of an unconventional approach, using mature
technology from Yamaichi Electronics, dramatically improving performance

AOther exciting innovations will come froNubisCommunications, once it is
out of stealth mode



Vertical Line Card (VLC) Optics Roadmap

HLC > VLC

Front Pluggable Front Pluggabl Assembled on CoPackaged
(OSFP, QSFP) » (OSFP, QSFP » PCB Near ASICE w/ ASIC

Stripline in PCE|% Stripline in PC Package (NPO) (CPO)
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HLC Optics vs. Vertical Line Card (VLC) Front Pluggable Optic

= I/O

Front Pluggable Strlpllne
(OSFP, QSFP) in PCB

M H 1x

Front Pluggable  Twinax

AEC (osFp, QsFP) over pcp PEMH IX
Assembled on PCB Stripline 0énmé  x
Near Package (NPC in PCB

VLC Front Pluggable Stripline 0énmé  1x

(OSFP, QSFP) in PCB
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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.

o b SO e 1 ves L ves
dc Fomttle e oeun b Yes SRR o s
TG oo 2 v JSRE e
VLC Front Pluggable Stripline 0iné  1Ix Vs N Ve o

(OSFP, QSFP) in PCB
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Ex.1: 12.8T ASIC HLC Racks

<
A12.8T 1IRWHLC w/ 1x TH3 ASIC

A 32x 2x200G OSFPs (50G 1/0O)

A No Backplane links

A 1000W HLC (1200W OCP HLC)
A 32 Card Rack3ZK\W
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Ex.1: 12.8T ASIC HLC Racks

<

A 12.8T 1IRLHLC w/ 1x TH3 ASIC
A 32x 2x200G OSFPs (50G 1/0O)
A No Backplane links
A 1000W HLC (1200W OCP HLC
A 32 Card Rack3ZK\W

—)
A 25.6T 2RUHLC w/ 2x TH3 ASIC
A 32x 2x200G OSFPs (50G 1/0O)
A 32x 4x100G Backplane links
A 1950W HLC
A 16 Card Rack31K\W

Fabric application
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Ex.2: 25.6T ASIC HLC Racks

<
A 25.6T 2RWHLC w/ 1x TH4 ASIC

A 32x 2x400G OSFPs (100G 1/0)
A No Backplane links

A 1750W HLC

A 16 Card Rack28K\W
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Ex.2: 25.6T ASIC HLC Racks

2RU-HLC

1 ASIC

1CPU

32 xSFP

0 KRn

<

A 25.6T 2RWHLC w/ 1x TH4 ASIC
A 32x 2x400G OSFPs (100G 1/0)
A No Backplane links
A 1750W HLC
A 16 Card Rack28K\W

)
A51.2T ARWHLC w/ 2x TH4 ASIC
A 32x 2x400G OSFPs (100G 1/0)
A 32x 8x100G Backplane links
A 3400W HLC
A 8 Card Rack2 7KW

4RU-HLC

2 ASIC

1CPU

32 xSFP

32 KRn

Fabric application



Line Card Component Power

Tomahawk Switch ASIC xSFFDptlcs

CMQOS| Design Design
: node |Ref Pwr Ref Pwr

oW e
3.2 28 165 100 3

1

2 6.4 16 300 200 6
3 12.8 16 390 400 10
4 25.6 7 540 800 18
S 51.2 S 700 1600 28
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Component, Line Card & Rack Power

Tomahawk Switch ASIC

xSFFDptlcs

HLC

Rack

CMQOS| Design Design| 32 Total
: node |Ref Pwr Ref Pwr] Units Cards Cards

----

1 3.2 28

2 6.4 16 300
3 12.8 16 390
4 25.6 7 540
S 51.2 S 700

200
400
800
1600

6
10
18
28

200
320
580
900

750
1000
1750
2400

12
24
32
56
76

6
12
16
28
38

AFCOM rack power densitypw<4KW < Mediunk 8KW < Higk 16KW< Ultra<32KWr a1 S NP A
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Rack Card Density Is Limited by Power Dissipation

KW

80
70
60
50
40
30
20

AFCOM rack
power density

32 Card Rac

16 CardRack g1 SN2 A O¢

/ Ultra

10 ‘//‘/ High

Tomahawk Generation
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16x 2REHLC 8X 4RUHLC

Fabric application

ECOC 2022 / Datacenter Optical Transceivers in the Next Decade/ Tu3C.2q 14t4%/ 20 Sept. 2022 / High Throughput Tramgees / C. Cole / T. Ito / P. Winzer21



2X 2RUHLC =) MNUTC = y 1140

IAY
X X X

B 1CPU
on HBLC

HBLC := Horizontal Back Line Card  Fabric application
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A4RUVLC, 64 OSFP, 2 ASIC (Assembihale®D Views)

Z

y
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Y4

A4RUVLC, 64 OSFP, 2 ASIC (Assembihale®D Views)
Z

1, HBEC

5 VLCE
right-half
not shown
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A4RUVLC, 64 OSFP, 2 ASIC (Assembihale®D Views)

L VLCE
rght-half S
not shown Lo E—
unimpeded inletair VLC 4RU fans use
. less energy than HLC 1RU or 2RU fan
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4RUVLC, 64 OSFRAYIlane 1 Fronnalf Side View)

Z
OSFP Backing Plate ASIC HeatSink Base
OSFP -—VLCPCB
OSFP Connector
Standard Heatsink Vertical Fins
OSFP extend to VLC only
OSFP PCB Cut-outs exhausting air
y-Z
OSFP -— VLC PCB
— Plane 1
Longer Heatsink Vertical Fins
OSFP extend through VLC cut-out
‘ O R e
OSEP 40W e MR
PSU
q PSU Air Intake one per side
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4RUVLC, 64 OSFRAYIlane 2 Fronnalf Side View)

ASIC Heatsink Vertical Fins #

ASIC Heat Pipes
VLC PCB and Heatsink Base

oy
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5558

e

ASIC ASIC Top Plate
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Air Dam,
and space VLC PCB
for tall VLC
components

HBLC PCB
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Signal & Power
Connector(s) to HBLC
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4RUVLC, 64 OSFRAYIlane 3 Fronrnalf Side View)

OSEP . Backing Plate ASIC Heatsink Base

OSFP <— VLC PCB

OSFP Connector

- Standard Heatsink Vertical Fins
OSFP extend to VLC only
OSFP PCB Cut-outs exhausting air

OSFP -—VLCPCB

1 &
L

Longer Heatsink Vertical Fins
OSFP &

—— extend through VLC cut-out

OSFP 40W HBLC PCB

q CPU Heatsink Air Intake

¢¢ggggﬁﬁﬁgwb (:F)LJ i AT T
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ARUVLC, 64 OSFPyPlane 4 Lefhalf Top View)

left-
half
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<1 1] 0]
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ARUVLC, 64 OSFPyPlane 4 Lefhalf Top View)

PSU

(below x-y plane 4)

2 per 2 ASICs
(vs. 2 per 1 for HLC)

- HBLC

(below x-y plane 4)

A

CPU on HBLC
(below x-y plane 4)
X

1 per 2 ASICs
(vs. 1 per 1 for HLC)

~_ ASIC and CPU on separate
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half Sacking Plate ASIC Top Plate and Heat Pipes and Ch|p generatiOnS
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} €] n]
P C B — D eSS ]
(not to o Xy S
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Connector —
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Horizontal Line Card Connector

top row lead

. Vr ',r‘ff*.‘xw“'-
\ LS

AN QSFP connector

HLC
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Vertical vs. Horizontal Line Card Connector

top row lead

|” | ‘I ‘ | : rhﬂf‘:,e—**f“ﬁk \
| Akt
N Al QSFP connector

"= VLC

AL

HLC
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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

S5-Parameters [Magnitude in dB]

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Frequency / GHz



Vertical OSFP Connector FEX6bmm Normal Mating
Module side Line Card side Victim
1| 2Frort 3 | 4 9 | 10Frc|)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 NEX&omm 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 NEXADmMm Max Mating

Module side Line Card side Victim
Front Front
1 | 2 | 3e] 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

ARack Power Limitations
ADual ASIC VLC Baseline
AVertical OSFP Connector

U Vertical OSHXD Connector

A Stripline vs. Twinax Loss
ASingle ASIC VLC Alternative

ASummary



Horizontal Line Card Double Density Connector
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Vertical vs. Horizontal Line Card Double Density Connector
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Vertical OSFRD Connector
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22.40
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Vertical OSFXD Cage & Mating View
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Vertical OSFXD Connector Simulation Model
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Vertical OSFRD Connector Insertion Loss

Frequency / GHz
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Vertical OSFRD Connector FEXT56mm Normal Mating
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Vertical OSFRD Connector FEXT56mm Normal Mating
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Vertical OSKFRD Connector FEXOOmMmM Max Mating
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Vertical OSKFRD Connector FEXOOmMmM Max Mating
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Vertical OSFRD Connector NEXIT56mm Normal Mating
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Vertical OSFRD Connector NEXIT56mm Normal Mating
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Vertical OSKFRD Connector NEXITOOmm Max Mating
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Vertical OSKFRD Connector NEXITOOmm Max Mating
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Top Side Top Side Victim

waferl wafer4 waferl wafer4

1@ | 2 3 | 9 | 10 11 | 12
\ Low Side Low Side

Wafe\z wafer3 wafer2 wafer3

5 |\6e 7| 8 13 | 14 15 | 16

\ \ \ S-Parameters [Magnitude]
-20 : ; : i ; . ; ;

Frequency / GHz



Future Vertical Line Card Triple or Quad Density Connector?

< g
— — A Conventional lead and PCB contact

7.45
technology in a vertical configuration
has room to grow

4.5

ATwo-piece vertical connector
technologies support much higher
contact densities
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224G PAMA4 ASIC to Module StriplineTwginaXPCB Link Loss
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224G PAM4 ASIC to VLC ModatieplineLink Loss

PCB Material: 1.0 dB/in

3in PCB 4in PCB
PKG+BGA 9.5 9.5
PCB 3 4
CONNECTOR 1 1
HCB(TP1a) 3.5 3.5

17

18

D O O ) C ) C)

PKG+BGA

PCB

Connector
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3RU & 4RWYLC Racks w/ Left Sigane

Left Side-plane Left Side-plane

Right Sideplane is an equivalent alternative
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