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EMDC Edge Micro Data Center

3U — Two phase cooled, 8/16/24 node
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EDGE /Al computer
£ Technology
: * 1.5 kW / 8 node
< * Two phase passive cooling

 Gen4 PCle switch fabric R

E - *3.2 TB/s Ethernet switching (32 x 100G)
| 4 compute nodes in 3U

3.2 TB/s Ethernet switch 3 kW PSU * 48V operation
Node types
NI S,/ * COM Express (Type VIl ) CPU
{ 7 * NVIDIA Xavier/Orin GPU
S e * Xilinx Versal Al FPGA
‘%W““M =
N L T * 64 core ARM

3U Enclosure for 8
compute nodes



EMDC Edge Micro Data Center

Condenser
Unit

Passive cooled
Reconfigurable
Server

(EMDC)

0 WWW.PCBDESIGN.HU



EMDC - Basic architecture

Ethernet Switch
Spectrum-1

4x10/25G 4x10/25G 4x10/25G 4x10/25G 4x10/25G 4x10/25G 4x10/25G 4x10/25G

A O O

UsB T T T
v

x8 x8 x8

Gen 4 - PCle Switch
100 lane

AMD Epyc CPU

(COMe Type VII)
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Switch components

Ethernet switch
a 128 x25CG lane

Mellanox / Spectrum 1

3.2 Thit/sec switching

4x 100G External Ethernet
4x 25 G to each Node

26 layer stackup

0O OO0 0 O

PCle Switch
Q 96 lane Gen 4 PCle Switching

O Each node -x8 interface

Q 716 layer stackup

Ll HIRE
T .Il lls;

st N ey

=t 1
;;-hlro - ) _:_ﬁ:'
o0 MCRODAT ACENTERS ®i
om0 :
“‘

lu_[ Mellano:

MT52132A1-FOCG-C

Ethernet Switch

PCle Switch

jﬁ

DESIGN




DDDDDD

Architectural simulations



A rC h ite Ct u re S i m u I a t i O n S + Total channel loss allowed: -28dB (@ 8GHz)

+ Loss budget for Endpoint IC Package: -3dB
+ Loss budget for Root Complex IC Package: -5dB
+ Budget allocation for connector: -1dB

+ Total Add-in card loss budget: -8dB (package, trace losses, etc.)

+ Total System board loss budget: -20dB (package, trace losses,

Should work with all Node types Cormacin o)
- Com EXxpress - Gens
- GPU -GCen 4

- Dual connectors

Slot- slot distance
-Up to 300 mm

COMe VII
COMe VII
COMe VII

Connector Selection
PCB Material selection
-Channel Loss simulation

PCle Switch PCB

Re-driver required?
-If yes, where?




Simulation results R
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T =

544,13
10.000
Coupled §
Net0€9

Net037

SEAX8 Package->PM40100
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Conclusions 3\\1
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« Hard to find/trust simulation models
« Com EXxpress ?

 High Speed Material is required -
 Backplane connector 2>

» Re-timer/Repeater >

e 12 dB loss @ 8 GHz
e If PCle slotis in the middle

» “Universal” G-S-G structure stripline configuration



Catch 22—-High-Speed design parameters @
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High Speed design 2
Losses & Impedance match 3“

* Resistive losses
« Conductor DC resistance
« Skin depth
« Surface roughness -> HVLP material

* Dielectric loss
» Dielectric loss exceeds resistive loss around 3 Gbit/s
* Material selection (Df)
« Conductor geometry (DK) - Loss vs. routability
» Signal dispersion due to different

relative propagation delay

« Df Stability
* Prep-preg construction



Stackup — VIA size

« Standard technology
 Through via + microvia if required
 No buried via If possible

13 L15_GND

Dielectric 9 |I-TERA_MT40-103... -
Dielectric 5 |I-TERA_MT40-103... -

» “Universal” G-S-C layer structure I N N -
« Signal layer count is not defined yet 15 L15.GND

« cca. 250 um (only) / signal layer
e MT40-Dk-3.3

» Total thickness
 Required number of signal (+power) layers
* |f exceeding 1.6 mm

» Card edge connector (Standard PCle problem) ->No problem here

 |If exceeding 2 mm
* Pin length —>Press fit -> No problem

« Aspect ratio 1.8 max 1:10
 Results VIA size constraints

- | Signal

==
Prepreg

= Signal

~ || Signal

0.016mm
0.05mm
0.05mm
0.018mm
0.102mm
0.018mm

I
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I
Fanout @
* 1 mm BGA pitch 8 Gl = = :

\

N\

e Diff line fanout

* IMmm routing channel
« 500 um PAD Size s

e 250 um drill size
» 1:.8 Aspect ratio @ 2mm PCB ” p e
* 1:10 Aspect ratio @ 2.5mm PCB

« 2x125 um annual ring

1-16 1-16
GHNE GO

« 500 um Routing channel - MT40(Meg 6)

« Ideally 5x 100um (2 Signal + 3 separation) e

 DIFF100: 85 um SIG + O.11 GAP GND
 DIFF 85: 1T10um SIG + 125 um GAP B g
 results 77 um drill to track 77 + (110 + 125 + 110) + 77

e neckdown



Catch 22— Solution for High-Speed designs i
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Minimize impedance mismatc

DESIGN
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Impedance - VIA setup

DESIGN

« Stackup and VIA settings

W Searcn
#  MName Material Type Weight Thickness # Thru 1:16 uVia 1:2
Top Overlay Overay L 4ViaType
Top Solder Solder Resist ~ Solder Mask 0.02mm
Gome o Sewl Ze 08w 1 | e [
L1_L2_PP |-TERA_MT4... - | Prepreg 0.073mm First layer | 1-L1_TOP -
2 eew Sgwl ez 00Bmm 2 | astiayer 2 12.GND -
L2 L3 CORE ISOLA I-TER. - Core 0.102mm
3 sewrs  Sewl W 00Bam 3 | _C
Mirror
L3_L4_PP |-TERA_MT4... Prepreg 0.05mm
Dielectric 8 |-TERA_MT4... - Prepreg 0.05mm + Board
L4_L5_CORE ISOLA I-TER...  Core 0.102mm Stack Symmetry
Swe e ooeen s I | o comenc
Dielectric 10 |-TERA_MT4... - | Prepreg 0.05mm . e
ayers
EblE LTERA WTt-. | : Dielectrics 21
6 oo Sewl W 00Bmm 5 | | conducive Thickness 037201mm
L6_L7_CORE ISOLA I-TER... Core 0.102mm Dielectric Thickness  1.5609%mm
L7_L8_PP I-TERA_MT4... | Prepreg 0.05mm
Dielectric 12 |-TERA_MT4... ' | Prepreg 0.05mm
L8 L9 CORE ISOLA I-TER... 0.203mm
Dielectric 1 |-TERA_MT4...
Dielectric 13 |-TERA_MT4...
Diglectric 2 ISOLA I-TER.. 0.102mm
Dielectric 3 |-TERA_MT4...
Dielectric 11 |-TERA_MT4... - ang 0.05mm
Dielectric 4 ISOLA |-TER.., ~ Core 0.102mm
Dielectric® |-TERA_MT4... - | Prepreg 0.05mm
Dielectric 5 |-TERA_MT4... - Prepreg 0.05mm
Dielectric 6 ISOLA |-TER... Core 0.102mm
Dielectric 7 |-TERA_MT4... Prepreg 0.073mm
Bottom Solder Solder Resist Solder Mask 0.02mm
Bottom Overlay Overay



Impedance - VIA setup

DESIGN

* Impedance table

T seartn
#  Mame Material Type Weight Thickness Dk Copper Orient... Top Ref Bottom Ref Width (W1} Trace Ga.. Impe.. Devia.. Delay..
Top Overlay Overay i 4 hnpedance Profile
Top Solder Solder Resist ~ Solder Mask 0.02mm 41
2-12.GND  0131mm  0.11mm 8439 072% 54427 Description
Type  Differential -
1-L1_TOP  3-13 PWR_ 0.1038%mm 0.127mm 0.03% aretmpeianeell 5
Target Tolerance  10%
2-12 GND 4-14 GND 0.11799mm 0.127mm 0%
4 Board
3-L3 PWR_ 5-L5 PWR_ 0.11798mm 0.127mm 0%
Liors oo
4-14 GND 6-L6.GND 0111mm  0.125mm 8931 507% 62457
Layers 16
Dielectrics 21
Conductive Thickness  0.37201mm
5-15 PWR_. 7-L7 PWR_. 01179%mm 0.127mm 0% Dielectric Thickness  1.56099mm
Total Thickness 1.973mm
6-L6 GND 8-L8 PWR_. 01179%mm 0.127mm 0%
4 Other
Roughness
7-L7_PWR. 9-13.GND 01206imm 0.127mm 0.02% ModelType  Flat Conductors =

Surface Roughness (SR) [um]  Cpm

8-L8 PWR_ 10-L10.Sl.  0.12061mm 0.127mm 002% R -

9-L9 GND  11-L11_GND 0.111mm  0.125mm 8931 507% 62457_

10-L10_Sl.  12-L12.5l.  0.11799mm  0.127mm 0%

11-L11_GND 13-L13_GND 0111mm  0.125mm 8331 507% 62457

12-L12.8l.  14-L14.SL.  0.11799mm  0.127mm 0%

13-L13_GND 15-L15_GND 0111mm  0.125mm 8331 507% 62453

14-114_51 16-L16_BO_ 0.10389mm 0.127mm 003%

15-L15_GND 0131mm  0.11mm 8439 072% 54427

Bottom Solder Solder Resist ~ Solder Mask 0.02mm 41
Bottom Overlay Overay -




Impedance - VIA setup 3

* Impedance — net class, rule

PCB Rules and Constraints Editor [mm] x
€, Search
™cm Mame DIFF35 Comment Unigue ID  YNWOPKX) Test Queries
O AR Where The Object Matches
CL_NPTH
T CLMTGH_POLY Custom Query ~ TInNetClass('D 1)
CL_ISOLATION_OUTER
T CLISOLATION_INNER e ——
CL_DIFF_POLY
GNCEROLYCON Query Builder ..
CL_NET_OMM1
T L NET_ommti Constraints
] Shart-Circuit
» 7' Un-Routed Net These Values are Applied to All Layers
[ LLTErmEE T Min Width  Min Gap Preferred Width  Preferred Gap  Max Width  Max Gap

» Modified Polygon
- ; M/A A B/A VI
Creepage Distance

- Routing Q
4 3% Width / \ ! > .
Width_PWR o i T l
Width_SES0 dw __ ﬁ
WIDTH_OMM10 5

» Routing Topology
» Routing Priority Max Uncoupled Length  1mm ~ Use Impedance Profile
» Routing Layers Das -
3 Routing Corners
» Routing Via Style
» Fanout Control
Pl Differential Pairs Routing
DIFESS Min Width Min Gap Preferred Width Preferred Gap Max Width Max Gap MName
DIFF90 0. mm 0.11mm 0.131mm 0.11mm 0.131mm 0.1 mm 1-1L1_TOP
DIFF100 0. 1mm 0.123mm 0,111 mm 0.125mm 0,111 mm 0.125mm 5-L3_PWR 2
4 W SMT 0.1mm 0.125mm 0.111mm 0.125mm 0.111mm 0.125mm 10 - L10_51G1
» == SMD To Corner 0.1mm 0.125mm 0.111mm 0.125mm 0.111mm 0.125mm 12 -112_51G2
®- SMD To Plane 0.1mm 0.1mm 0.111mm 0.125mm 0.111mm 0.125mm 14 - 114 51G3
» @ SMD Meck-Down 0.1mm 0.11mm 0.131mm 0.11mm 0.131mm 0.1 mm 16 - L16_BOTTOM
- SMD Entry
4 @ Mask

4 @ Solder Mask Expansion
@ solderMaskExpansion

Switch to Document View Rule Wizard... FPriorities... Create Default Rules Cancel Apply
) \N\WWW.PCBDESIGN.HU
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Advanced topics
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Back drilling —stub effect 3'\\1

DESIGN

e {

—
e e —

U
- 16 layer PCB e o
« VIALI-L2 on ® e
« 50ps rise/fall time ® e o
« 300ps pulse A o\ |

iy Q

Page 25
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Additional items to consider oo S
* Press-fit + drill tolerance limitation ol [n| [ [

I

 Topmost layers still suffer from stub

i
i
|
|

1
%
|
%
i
|

LI BCICIN ECICIE §E
i -

T

= == D B B2 E O E B e E

» Altium does not recognize press fit

|
|
i
T
§

5IGN.HU
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Backdrill setup in Altium

DESIGN

 Automatically generated after setup

o, Search
#  Mame Material Type ‘Weight Thickness # BD 1&:5 BD 16:10 BD 1&:11 ED 16:12 BD 16:14
| Top Overlay Overlay | H PR
Top Solder Solder Resist  ~ Solder Mask 0.02mm
I Name ED 16:10
| First layer 16 - L16_BOTTOM -
. I Last layer 10 -L10_SIG1 =
Mirror
L]
4 Board

Stack Symmetry

Library Compliance

Layers 16
Dielectrics 21
Conductive Thickness  0.37201Tmm
Dielectric Thickness  1.56099mm
Total Thickness 1.973mm

L6_L7_CORE ISOLA I-TER., ~ Core 0.102mm

L8 L9 CORE ISOLA I-TER., ~ Core 0.203mm

0%5mm
o moser  Sewl ez 00m
Dielectric 2 ISOLA I-TER., ~ Core 0.102mm

Bottom Solder Solder Resist  ~ Solder Mask 0.02mm



13 SIGNAL 1 B [414 Gno B [5]15_SIGNAL 2 B (5] L6_GND _ M g 3_chp W [919 SIGNAL 4 [ (1o L0.GND O [11] L11_PWR1 3]13.5IGNAL_1 I (414 cND B [5] 15 SIGNAL_2 B (g 16_GND [ [7]17.siGNAL_3 B (318 cnD M [9]19 SIGNAL 4 _ O [ L11_PwR1



I

@  Bond® Gooid &

Additional items to consider

 Crosstalk mitigation 66806 %
® 8@ e s e
» Guard ring around the signals. 6606806060

e 8 @ 8 & 8

* VIA In PAD required.
» [IPC 4761 VI - Filled & Capped via
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