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Technology trends

PCle 1.0 @ 2.5GT/s PCle 3.0 @ 8GT/s @ PCle 5.0 @ 32GT/s @ PCle 6.0 @ 64GT/s

* Blackberry « iPhone Smartphones universal interface * Quantum computing
+ 3G Cellular 4G cellular «  5Gcellular * Virtual collaboration
« Rise of data centres « Cloud computing « Edge/Fog computing * loT devices
* Many proprietary * Licensed second-sourced * Open components/system * Security

connectors connectors standard « 6Gcellular
«  10GbE «  40/100GbE «  200/400GbE * 800GbE
- Chip feature size 90mm - Chip feature size 32mm »  Chip feature size 5-10mm * Artificial Intelligence/Machine

 Streaming TV Learning

?ou(rjce: Hu:; IR (2021). T;)p 32 .'I(ﬁﬁhnglogy T:encés: PCI?IeT?Apecification Roadmap Evolves in « Online gaming . Ch|p sub 5mm
hftr;s?/r?cvc\)l;ne:t(z)r:sii:sljier?;on:v/Ipci::spzr;?ﬁga?i;n?s)z:je;a;-evoIves-in-tandem-with- * Social media (Tik Tok — VideO) * Autonomous Veh.iCIeS
increasing-bandwidths/. * Factory Automation

© 3M 2022. All Rights Reserved. 3M Confidential. 3M 4



Global forecast: industry

Global Growth Service Providers Enterprises
21,485+ Tbps Regional mix Deployment Growth areas Regional mix Deployment Growth areas

nterprises have siightly faster overal
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Source: EQUINIX INC. (2021). Global Interconnection Index: Measuring the Growth of the Global Digital Economy (Vol. 5). EQUINIX Inc.
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PCle standard

PCI-SIG: organization that defines PCI Express (PCle) I/0 bus specifications and related form factors.

% 1/0 BANDWIDTH DOUBLES
EVERY 3 YEARS

512 ixieyr
A

. | Year of Release 2010 2017 2019 2022 Est. 2025
,:,q.,;ﬂ,,_,-":: Bandwidth/lane direction 8GT/s 16GT/s 32GT/s 64GT/s 128GT/s

Bandwidth (GB/s)

Bandwidth Duplex 32GB/s 64GB/s 128GB/s 256 GB/s 512GB/s
Backward Compatibility
T O Bar U Bvatens v T Ve e

‘R

Source: PCI-SIG® DevCon 2022 Update by Al Yanes
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PCle - standard

Choose your bandwidth

* Five standard PCle slots and cards: x1, x2, x4, x8 and x16

« Higher generation are backwards compatible (Return bottlenecked to lower version)

* Flexible to meet needs from handheld/client to server/HPC
» 35 Permutations yielding 11 unique bandwidth profiles

Specfostion——xi 12— L @ i

2.5 GT/s (PCIE 1.x +)

5 GT/s (PCle 2.x +)

8.0 GT/s (PCle 3.x +)
16.0 GT/s (PCle 4.x +)
32.0 GT/s (PCle 5.x +)
64.0 GT/s (PCle 6.x +)
128.0 GT/s (PCle 7.x +)

500 MB/s
1 GB/s

2 GB/s

4 GB/s

8 GB/s
16 GB/s
32 GB/s

1GB/s
2 GB/s
4 GB/s
8 GB/s
16 GB/s
32 GB/s
64 GB.s

2GB/s

4 GB/s

8 GB/s
16 GB/s
32 GB/s
64 GB/s
128 GB/s

“+” = Data rate supported by this and subsequent spec versions

Source: Zea, Meghan. (2022). PCI-SIG® Announces PCl Express® 7.0 Specification to Reach 128 GT/s. Businesswire. https://www.businesswire.com/news/home/20220621005137/en/PClI-

SIG%C2%AE-Announces-PCl-Express%C2%AE-7.0-Specification-to-Reach-128-GTs

© 3M 2022. All Rights Reserved. 3M Confidential.

4 GB/s

8 GB/s
16 GB/s
32 GB/s
64 GB/s
128 GB/s
256 GB/s

8 GB/s
16 GB/s
32 GB/s
64 GB/s
128 GB/s
256 GB/s
512 GB/s




3M™ Twin Axial Cable solutions

In general, cables replace PCB traces to help reduce loss and cost

3M™ Twin Axial cables in particular offer:
* Routability enabled by:
* High cable foldability
« Low-profile (thin)
* Maintains Signal Integrity performance when
folded
 Helps improve cable management
* Helps improve thermal management

(better airflow in the system)

© 3M 2022. All Rights Reserved. 3M Confidential. 3M 9



3M™ Twin Axial Cable overview

3M employs a unique precision-formed continuously laminated
shield over entire cable, to deliver:

= Precision and control
= Thinness & flexibility
» Tight folding/creasing virtually without loss of performance

Competition uses spiral/longitudinal wrapped shield around
individual pairs, optionally further laminated together:

= Thicker, less flexible
= Performance degrades in tight bends

© 3M 2022. All Rights Reserved. 3M Confidential. 3M 16] O



3M™ Internal Twin Axial Cable Assembly Portfolio offering

3M SlimLine
assembly

3M Mini-
SlimLine
assembly

3M Compact
SlimLine
assembly

3M Low Profile
170 assembly

3M Multi-
Channel 170
assembly

3M Scalable
High-Speed
assembly

3M PCle
Extenders and
Jumper assembly

4,80r16

# of Lanes 4,6,80r12 8,12 8,12 8,12 8,12 (1C, 2C, or 4C) 8 16
Protocol SATA, SAS, PCle® SATA, SAS, PCle® SATA, SAS, PCle® SAS, PCle® SAS, PCle® SAS, PCle® PCle®
SAS 3.0: 12 Gbps SAS 3.0: 12 Gbps SAS 3.0: 12 Gbps . . . PCle® 3.0: 8 Gbps
Speeds PCle® 4.0: 16 Gbps | PCle® 4.0: 16 Gbps | PCle® 4.0: 16 Gbps P5Cf®3fb_1 126Gggss P%?es;éob_zgzaggss P?:?:@;L '506,232(53538 PCle® 4.0: 16 Gbps
PCle® 5.0: 32 Gbps | PCle® 5.0:32 Gbps | PCle® 5.0: 32 Gbps e P e P e P PCle® 5.0: 32 Gbps
Types of Motherboard or Motherboard or Motherboard or Motherboard or Motherboard or Motherboard or Ext: Flexible “riser”
Applicati controller to drive controller to drive controller to drive controller to drive controller to drive controller to drive Jmp: Motherboard to
pplication backplane backplane backplane backplane backplane, backplane, motherboard
midboard midboard
Speciﬁcation SFF-8654 SFF-8654 SFF-8654 Industry compatible SFF-TA-1016 SFF-TA-1020 PCle® -CEM

© 3M 2022. All Rights Reserved. 3M Confidential.




High cable High speed
foldability

PC Gaming

Flexibility and
speed.

The demand for bandwidth and speed
in today’s growing PC gaming market
is addressed with BM™ Twin Axial
PCle x16 Extender Assemblies.

© 3M 2022. All Rights Reserved. 3M Confidential.




High speed High cable -
foldability

High Speed Test Equipment

Performance
matters.

3M™ Twin Axial Cable Assemblies
provide high bandwidth, resonance
free signal integrity performance. It’s
extremely tight bend radius facilitates
custom folded assembly configurations
to fit into your high-density application.

© 3M 2022. All Rights Reserved. 3M Confidential.




High speed High cable
foldability

High Performance
Computing (HPC)

Fold to fit.

High performance computing (HPC)
requires the ability to process data and
perform complex calculations at high
speeds. 3BM™ Twin Axial Cable
Assemblies provide high bandwidth,
resonance free signal integrity
performance. It's extremely tight bend
radius facilitates custom folded
assembly configurations to fit into your
high-density application.

© 3M 2022. All Rights Reserved. 3M Confidential.




High Density Thin/low

profile

NVMe Drive Backplane

Solid connections //l

for solid state.

Connect NVMe drive backplanes with
ease using 3M™ SlimLine Twin Axial
Cable Assemblies, 3M™ Low Profile
|/0O Twin Axial Cables Assemblies or
3M™ Multi-Channel 170 Twin Axial
Cable Assemblies. Thin and foldable is
critical since NVMe drives increase the
number of cables required to connect
to your backplane. Standard or
custom cables configurations with the
form factor you require.

© 3M 2022. All Rights Reserved. 3M Confidential.
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3M™ Twin Axial Ext
Cable Assembly



Ethernet — Market forecast by speed

Market Potential by Speed

2 Data Center Ethernet Switch Revenue ($B)

§$15

= 802.3ba | 802.3bj | 802.3cd

5‘” Speed 40 Gbps 100 Gbps 400 Gbps 800 Gbps
g Commercialized (Year) 2015 2016 2019 2022/23
(]

o

o
W\

Source: Morgan, T. P. (2020, May 14). This Switcheroo Doesn’t Get Old. The Next Platform. https://www.nextplatform.com/2020/05/07/this-switcheroo-doesnt-get-old/
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3M™ Twin Axial External Cable Assembly

Tight bends at the connector allowing for efficient routing in space constrained applications

3M™ Twin Axial External cables offer:
« Efficient routing of cables
* Virtually no min bend radius
* Maintains Signal Integrity performance when folded
* Helps improve thermal management
(better airflow in the system)
* Requires less space in front of port

* Improved serviceability

 Space saving

© 3M 2022. All Rights Reserved. 3M Confidential. 3M 15] 8



3M™ Twin Axial External Cable Assembly Portfolio offering

3M-400G QSFP-DD

Direct Attach
Copper Cable

Assemblies

3M™ 100G
QSFP28 Direct
Attach
Copper Cable
Assemblies

3M™ 100G
QSFP28

Direct Attach
Copper

Cable Assemblies

3M™ 100G
QSFP28

Direct Attach
Copper

Cable Assemblies

3M™ Twin Axial
Cable Assemblies
for

QSFP+ Applications,
40GbE

Under
Development L= 4 o
B -
Form Factor QSFP-DD QSFP-DD QSFP28 QSFP28 QSFP28 QSFP+
Q28-Q28! Q28-1Q282 Q28-4SFP282
Aggregate Data Rate 800G 400G 100G 100G 100G 40G
Channel Data Rate 100G/channel 56G/channel 25G/channel 25G/channel 25G/channel 10G/channel
(8X100) (8x50) (4x25) (4x25) (4x25) (4x10)
Lengths TBD 30 AWG: 0.50-2.0m 30 AWG: 0.5 to 2.0m 30 AWG: 0.5 to 2.0m 30 AWG: 0.5 to 2.0m 30 AWG: 0.25 to 3.0m
26 AWG3: 2.25-3.50 m 26 AWG: 2.0 to 4.0m 26 AWG: 2 t0 4.0m 26 AWG: 3.0 to 4.0m
Series TBD Vv 9QJO, 9QH6, 9QNO, 9SR-Bxx 9SR-Axx 9QA0
9QM6
Standards QSFP-DD MSA QSFP-DD MSA SFF-8436, 8661 SFF-8661, 8662, 8665 SFF-8661- SFF-8436
IEEE 802.3ck IEEE 802.3 cd 8665, 8661, 8662 IEEE 802.3bj 8662,8665,8431 IEEE 802.3ba
IEEE 802.3bj IEEE 802.3bj

1: Q28-Q28 cable assembly - Cable and PCB are halogen free

2: Q-2Q and Q-4S - Cable is halogen free, PCB is not halogen free, CL2 Flame Rated

3: QSFP-DD - 3.25meter meets 802.3cd,3.50meter does not meet 802.3cd standard, however, passes COM

© 3M 2022. All Rights Reserved. 3M Confidential.

Additional products available in:
« 25G, 10G and miniSAS
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High cable Thin/low
routability profile

Server to Switch.

Space saving.

Thin, flexible and easily routed, 3M™
Twin Axial External Direct Attached
Copper (DAC) cable assemblies help
customers maintain signal integrity
when bent or folded sharply. Improve
cable and thermal management along
with serviceability in your high-density,
high bandwidth application.
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IMPORTANT NOTICE

Regulatory: For regulatory information about these products, contact your 3M representative.

Technical Information: The technical information, recommendations and other statements contained in this document are based upon tests
or experience that 3M believes are reliable, but the accuracy or completeness of such information is not guaranteed.

Product Use: Many factors beyond 3M’s control and uniquely within user’s knowledge and control can affect the use and performance of a
3M product in a particular application. Given the variety of factors that can affect the use and performance of a 3M product, user is solely
responsible for evaluating the 3M product and determining whether it is fit for a particular purpose and suitable for user’s method of
application.

Warranty, Limited Remedy, and Disclaimer: Unless an additional warranty is specifically stated on the applicable 3M product packaging or
product literature, 3M warrants that each 3M product meets the applicable 3M product specification at the time 3M ships the product. 3M
MAKES NO OTHER WARRANTIES OR CONDITIONS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED
WARRANTY OR CONDITION OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR ANY IMPLIED WARRANTY OR
CONDITION ARISING OUT OF A COURSE OF DEALING, CUSTOM OR USAGE OF TRADE. If the 3M product does not conform to this
warranty, then the sole and exclusive remedy is, at 3M’s option, replacement of the 3M product or refund of the purchase price.

Limitation of Liability: Except where prohibited by law, 3M will not be liable for any loss or damage arising from the 3M product, whether
direct, indirect, special, incidental or consequential, regardless of the legal theory asserted, including warranty, contract, negligence or strict
liability.

Electronics Materials Solutions Division

3M Center, Building 224-3N-11

St. Paul, MN 55144-1000 3M, Novec, Trizact, and Bumpon are trademarks of 3M
1-800-251-8634 phone Company.

651-778-4244 fax Please recycle.

www.3M.com/electronics ©3M 2022. All rights reserved.
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