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Advanced Packaging for 5G in RF and Analog
Mixed Signal

IEEE HIR 5G mm-waves TWG Chair
Tim Lee (The Boeing Company)

Boeing Technical Fellow, BR&T February 2023

2022 |EEE Board of Directors
2022 IEEE Region 6 Director
IEEE Industry Engagement Committee  Timothy Lee, currently a Boeing Technical Fellow, is responsible
IEEE FNTC Vice-Chair for the development of RF and digital electronics for advanced
IEEE HIR TWG Co-Chair communications networks and sensor systems. In the IEEE, Tim
Past President, IEEE MTT-S is promoting the use of technology to benefit humanity.
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Technology Roadmaps to Enable the 5G Ecosystem
* Microwave / millimeter-wave RF-Front Modules needed for emerging
5G User Equipment (UE) and Base-stations (BS)

* Roadmaps for Hardware and Advanced Packaging to guide us to areas
of research for millimeter-wave RF Front-Ends for 5G and Beyond

* Time horizons: 3-, 5- and 10-years
» Addressing Semiconductors and Advanced Packaging technical trades

* Devices, materials, processes and substrates needed to support the
goal of low-cost high performance 5G New Radio (NR) hardware

* Initial look at beyond 5G for technology needs between 100 GHz to 1
THz (6G)
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» C-Band: 3.7GHz to 3.98GHz turned on in US

https://www.gsma.com/mobileeconomy/
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Status of 5G Deployments in 2022 (GSMA Report)

The 5G Era has begun and gaining momentum!

AT&T 5G+ SpeedTest at CES 2022 in Las Vegas
Convention Center (mm-waves)
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The Pandemic has Exposed the Digital Divide — ==
60% of broadband users with lower incomes often or The World Bank:
somatimes have connecticn problems, and 46% are e . . . .
od st least some sbout paying for brosdband Connectivity is a Public Good During COVID-19 Pandemic
U e Ml e L o * One and a half billion. That’s the number of children who need
.L\l'-'-'."-ln_.;m oate s " online schooling due to the coronavirus pandemic (COVID-19).
e By ey ot B P e & * In the battle against COVID-19, digital technologies are front and
et thangs thery seed o S0 o
center.
e s T h *  What will it take to achieve universal, affordable, and good-
corrmctr ol e over e vl Pew .
Pt in quality broadband?

* This crisis painfully shows that the benefits and opportunities of
technology are not equally distributed

W SLALARCH TINTER

5G WILL PLAY A MAJOR ROLE TO BUILDING A RESILIENT AND INCLUSIVE RECOVERY

https://www.pewresearch.org/internet/2021/0 https://blogs.worldbank.org/voices/covid-19-

9/01/the-internet-and-the-pandemic/ reinforces-need-connectivity
IEEE 2 ] |FLecTRON
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ITU: The State of Broadband:
Accelerating broadband for new realities

* While Internet use grew during the COVID-19 pandemic, a o . .

new Broadband Commission report reveals the urgent need [ 2025 Advocacy Targets for Bndgmg the D:grtal Divide

for broadband connectivity that is fit for purpose in terms of

affordability and accessibility.

According to the latest ITU data, 66 per cent of the global

population — some 5.3 billion people — used the Internet in Mot oy oo Bt
2022, up from 54 per cent in 2019. — ~—-t. —— -

* Broadband played a central role in this uptake after the @
pandemic shifted much of daily life online, from remote

work and learning to online shopping and banking and even P Dt b TR
medical consultations using e-health applications. 1 ¥ 1 !

* At the same time, COVID-19 brought the digital divide into ADHAND
sharp relief. Today, 2.7 billion people have yet to access the TM“ EW"““’“
Internet, causing them to miss out on digital public services
and other opportunities unlocked by broadband
connectivity.

https: //www itu.int/hub/2022/11/state-of-broadband-commission-report/

- TR CLECTRON
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Every 10 years a new generation of mobile communication

Smartphons Mobile broadband
Appsivideo ~ | 0Gbps
Start of mobile broadband ~ ~225Mbps
Woice HMobile Vioice Information in hand Divergence
Analogue Messaging = | 4Mbps Internet-af-things eMB
~28.8 kbps Risa of M2M Traffic o URLLC
* MM2M

Peak data rate =100Gbps
Extrema coverage
Parvasive connectivity
Holographic telepresence

6G
2030s

— G

2G 1G 4G

Nadine Collaert, imec, Emerging device and heterogenous integration technologies for sub-THz
o Applications, ISSCC 2022, 6G Forum.
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Solutions needs to enable additional spectrum

_.____ * Sweet Spot still C-Band

=y iy | B
* FR2 bands usage

|' limited but growing

"L — 66
Twnaim e Fulon Sk sies st Foy ooty b ) oo Bepra Aonie £ fomag
O Congested licensed bands below 6GHz O US C-band auction: $B0B for 280 MHz
m Best for range and transmission B FR3 spectrum value will be large
B Over %1 Trillion in Value! 0O Huge amounts of spectrum available at
O Coexistence challenges with WiFi 100-300 GHz
O FR3 slowly progressing through unwinding ®  Solutions will be technically challenging
exiting allocations
I EEER Fi.4: Emerging Device Technologies for 7ol 42

Intirrdiane Sobd Shate Uriufds Conteresis RFfmm&aes FEMs

Nicholas Comfoltey, “Emerging Device Technologies for RF/mmWave FEMs,” ISSCC2023 Forum
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Why mmWave?

SNR
"=

AL

logarithmic in power.

P
C=FEBlog, (1 +—
N,B Low SNR: Capacity is insensitive to bandwidth,

C: Channal capacily linear in POWEN.
B: Chanhal Bandwadth [Hz)

N, Molse Power Speciral Density [WiHz]
P g Facatved Pawess [W]

Shannon-Hartley Theorem

Carrier Modulation Available Max Data Rate
Frequency Bandwidth[GHz] [Ghy/s]
Sub-6GHz A096-0AM 0.15 1.35 20x |
=JUX Increase
28GHz 256-0AM 0.E5 5.1 . ;
in data rate!
BOGHz 64-0AM .64 389
TOGH? 64- 1AM 5 215

Operation at mmWave frequencies enables wide bandwidth designs < Potential for higher data rates

FE
RF Front-Ends Play a Critical Role to the Deployment of 5G =~ =
Ecosystem (RFICs, Antennas and Advanced Packaging)

According to the Fact & Figures research report, the global 5G Smart Antenna Market in 2019 was approximately

USD 260 million. The market is expected to grow at a CAGR of 57% and is anticipated to reach around USD 6,325
million by 2026. .
5G RF Front-End Modules faces many design challenges

* UE is highly SWaP-C constrained H ‘?ﬁ j & W
. o — k b _{ !
* Battery Life d P —
* Mm-wave propagation losses S a - I
AiP / AoP Modules (Amkor) h ted! insights/appl ki B =
* BS Challenges AR o 15 ro s venionn repore i R
H -amkor-develops-advanced- =t v i
* Signal Blockage ot el b i <vitth L
* Output Power & PAE Mot i e Intelligent Reflective Surfaces
* Thermal s oo " for 6G (ETSI)
| -
* Yield & Affordability - - hitps:/Jwnww Sgtechnologyworld.com/etsi-
. K T hnolo ies- b x - el launches-intelligent-surfaces-effort/
ey lecl gies: Si/SiGe Beamformers (GF) O
* Advanced node CMOS, FD-SOI Mm-wave BS Phased Array — Resilient 5G

* 2.5D/3D packaging
* Low-loss substrates

IEEE 2
«photonics

¢ IEEE

s/rf_soi_can_save_billions_in_5g_mmwave_networ
k_costs_with_efficient_pas_2020-04-
06_microwave_journal pdf

/»semi

Beamformer Technologies using
11I-V and SiGe (Fujikura)

https://mmwavetech.fujikura.jp/5g/2gclid=EAla
1QobChMI4qWzsLLs8wIVGMxvBBOEhWfOEAAYA
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Main Design Challenges for End-to-End, Full-Stack THz Networks

Link design for ultra-high bandwidth

Medium a-cl:ess and retransmissions deslgn

Make the network scale
Deploy energy-aware protocols and network nodes

E Managing the spectrum

M % Optimize spectrum allocation and
manage interference

Introducing awareness
Directional nelghbor and infrastructure discovery

M. Polese, “Toward End-to-End, Full-Stack 6G Terahertz Networks,” IEEE Communications Magazine, Nov 2020. (Northeastern University)
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Maove bits end-to-end
Backhaul and transpart protocol design
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O Materials with Silicon like properties that maximize chip and board level reliability and
support larger body sizes required!

O CTE in the range of 7-9 ppm/C with low surface roughness, Young's Modulus and
zero moisture absorption required.

U Glass Interposer is a good candidate!

Madhavan Swaminathan, “Packaging for mmWave Communications,” March 2021, INEMI Webinar
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Mm-wave Phased Arrays: a Common Feature in your Phone! S

Iphone 13 Pro mm-wave modules / antenna and 5G Modem

Mmwave antenna 2

5G Antenna Modules in Samsung S20 Ultra

https://omdia.tech.informa.com/OM006104/Criticality-of-5G-
Modem-to-RF-Integration-A-look-inside-Samsung-Galaxy-S20-

Ultra https://unitedlex.com/insights/apple-iphone-13-pro-max-

teardown-report/

¢IEEE I'EE‘hﬂ'thiCE & semi @Ilt:iltﬂﬂﬂlci m
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Technology/Capability Gaps and Showstoppers

Challenge 1: Tight Integration is Needed
for mm-wave Phased Arrays

vy o et

e

USSR . 30H: 50 mm, 2 nche 25 mim, 1 inch
et - N
-t N S .
! B e I Vo el 10 GHz 16 mmi, 500 mils 7.5 mm, 300 miln

Fooy g o by

-?---F-"*- ool 30 GHz 5 . 200 mils 2.5 mm. 100 min
il Lo R 66 E) 140 GHz 1mm
W bt Do Pks

[ Y R S .
+ Pt L ks

5G Front-End architecture (number of elements, EIRP, Si vs lll-V, and Packaging) need
to be tailored for each use case
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Phased Arrays are a key enabler for mmWave

O Link budget improves 30/ogl0(N)
O For a phased array of N elements
B Txarray: focused Tx radiation energy
O TRP increases by 10i0g,,(N) -
O EIRP increases by 20l0g,,(N)

B Rx array: enhanced Rx sensitivity
O 5/N increases 10la0g,,(N)
O NF decreases by 10l6g,.(N)
O Beam width narrows ~ 2*sin"}(2/N)
O Array area decreases (I/2) (I/2 lattice spacing)

Lower Tx power per Power
Amplifier and Antenna element

mmWave FEM requirements can be Gabelal Rebelz, “51 RF Technologhes Enabling 56

addressed by Silicon technologies Milimeter Wave Apglications,” October 2018,
(o -ral ) F3.1: Emeeging Devics Techinoh o 27 of 42
Irferratians okl Share Crruty Confersaon I?F:H‘ilﬂl’-l’ﬂv* FEMu -

Nicholas Comfoltey, “Emerging Device Technologies for RF/mmWave FEMs,” ISSCC2023 Forum

$IEEE tfghatc:n_ics & semi @%ﬁ@m&‘ 1m %‘“

16

Key Antenna Package Requirements

Electrical

* |Impedance matching at each port

* Radiate EM energy efficiently

* Achieve low coupling between antenna elements

+ Have equal signal delays between inpul ports and
antenna feedlines

« Achieve near hemi-spherical radiation patterns,
equal among radiation elements

* Feature sufficient layers for IC interconnects

Thermoemechanical

* Provide mechanical support to the ICs

« Achieve low CTE mismatch with the ICs for
mechanical stability over temperature

* Reliable mechanical connection to ICs and boards

9

Bodhisatwa Sadhu, Alberto Valdes-Garcia, “Silicon based millimeter Wave Phased Array Design,” IMS2020 Technical Le&ure

IEEE
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Challenges for Millimeter-Wave Design

1. IC design & modeling is difficult 2. Antenna-package-IC integration is 3. Measurements are difficult
difficult

1%-level package tiles
with embedded antenna

A
[ .

integration challenges: Antenna Requires expensive specialized
constrained by package, package equipmant and frequent calibration
constrained by IC & thermal

Modeling
challenges

Bodhisatwa Sadhu, Alberto Valdes-Garcia, “Silicon based millimeter Wave Phased Array Design,” IMS2020 Technical Lecture

$IEEE thhatan_ics _z“; semi @%ﬁ#«'ﬁ' m %w

Substrate and Process Options o

LTCC (Ceramic) LCP-based MLO (Organic) PCB
Mg bosel e g pamie |10 am ek @ = 1 el ' =
Mh--l.'.lﬂ '-__‘-Ar-nln-ﬂq II- Py

— - ! = u
i = -z |

R

FEE T ERE D INY

e | man Y, =1 | - e i
i T P i u p— N
:#Lr——#—-:Fk” w = ——
9\ Qo || == =l=liol—=
Image courtesy: [0M Irmage courtesy: BN m;:"ﬂ'“ ?‘-H =
Wafer-level packaging Thin films on glass Quartz Superstrate

#lated Conformal Yias

Boot ;ﬁ

Polymer
Dielectric
el e I e e Fim
- Nole: Enfennas 0N SeArEte
bmage courtesy: Infineon g badans sof shows Image couwrtesy: Gewgin Tech Imags courteny| LCSD
[18] 4w 2021 ftiohe ERSE EMEsE BRAMDRE 810 A0F FECRESandy B Desneers OF Dhese DECRiQe hechnaingees for mvn e phased arraye

Bodhisatwa Sadhu, IBM Research, Fundamentals of mm-Wave Phased-Arrays, ISSCC2022, T10
IEEE
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Examples of Advanced Packaging Techniques for 5G

s T ey Db A ey e g
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L] chipfog mamory|  micemniee sty e b

Fig. . Ewvisoned pobylithis imegration using stiich-chips for BFfmm- wave
& ——— —— _ e

£ By Aty (a) Bty ey of i g s e Mg
TR 1 e e ey e el g ey 00 S W ety
iyt o, | s *

GaTech: 0.2dB Insertion Loss @ 28 GHz! = L.

T. Zheng, “Polylithic Integration for RF/MM-Wave Chiplets using Stitch-Chips: H R L Wafe r- LeVeI ! ntegratl on for l I I-V
Modeling, Fabrication, and Characterization,” IMS2020, S. Nadre, “10um Pitch Bumping of Singulated Die Using a Temporary Metal
https://ieeexplore.ieee.org/document/9223887 Embedded Chip Assembly Process,” 2022 ECTC

$IEEE ‘fghatan_ics /} semi @%ﬂfﬁ' . m UE:::T

¢ s e — e s e
g B e g e

Highly Integrated D-Band Phased-Arrays for 6G wireless Communications

A 140 GHz FEM in 22nm FD-S0]  'mec Radio-On-Glass Technology Nokia
o BHFSRE D ouss e uesos a0 merpoer

& gyt TR Swench sah T =i O Carrier DC, digitad and BF

B S0 it =iy O integrated SIW waveguide

: ﬁmr"r P k ; ® Low loss (0,04 dB/mem)

- Iﬂlgﬂ‘1:?ﬂnm with [daow ] AT N b Ll e e | & Conversion from GSG to 51

" SIW to WR-6 conversion

..".:-_.-'-F\_ .; o
R in enance beassity s PAE el -,
O Results (incuding switch loss) r.rff—ﬂ—hh:h'd = “"_li:":;[._ 0 PCB carries baseband

by =
3.8 0 Gas, 128 aen Paat, b = [FErT Inberface
150N, PAL e = b . = '.Lﬁ‘_ll-' 0 L0 interface for both chips
" e s .
0 0B Gaon, 9.2 88 WF, T0mW =

B e s st . = ] o )

X. Tang, “A 140 GHz T/R Front-End Module in 22 nm Mohamed EIkhouIy, Shabhriar Shahramian, Nokia:
FD-SOI CMOS, RFIC 2021,RFIC2021 ISSCC 2022, 6G Forum

What is the breakpoint for AiP versus AoC? And for 2.5D versus 3D?

IEEE
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- . SOOCIETY

< IEEE

www.ieee.org/scveps 10



2023 Heterogeneous Integration Symposium February 24, 2023
IEEE Santa Clara Valley Electronics Packaging Chapter

®

The 3D Interconnect Technology Landscape

Package stacking o Multi-die Packaging = Die Stacking Wafer-to-Wafer | Wafer-to-Wafer Transistor
o Inbterposer "2.507 pbump bonding Sequential Stacking
o Embedded Cie Processing
——— e e
3D Interconnect Pitch scaling
| | ] 1 a
imm 400um 100 pm  40pm  20pm j.nlpm dpm  2pm  1pm  S500nm 100nm
3D Interconnect Density (#/mm2)
1 10 104 19 104 10% 104 107 10#

Nadine Collaert, imec, Emerging device and heterogenous integration technologies for sub-THz
Applications, ISSCC 2022, 6G Forum.
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Technology/Capability Gaps and Showstoppers
Challenge 2: Selection of Semiconductor
Technology Based on Output Level

5G Application Scenarios Estimated Power Ranges for SEG TXICs
& Requirama Nts 2018 jetmasedi & Estimated Max Power of Different Technologies

| Hawasuan Beewin | Buaa |mm [Ty
pawil | slities 100 |
EIRF jm) MO0 dldim - 0dEe ENcRm TidRm E’ |
Humber 4 1 il it i 10 |
anigmngs i
Fave /P (4 Lidbm  bodBe 10 Thdbm é .
5
PP 138m 2xibm TR b FEL I §
5]
EMciensy 10N o o 2 .
B
o.01
DC pormee DLEW T LT Irs TN o : pe -
Frequency [(GHz)
IEEE . e o
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Necessary Semiconductor Technologies for 6G
* Objective = ; '
* Support high data rate Communications i
* Spatial multiplexing for high capacity I' e
* Benefits (140 — 1000 GHz) ]
* Large available spectrum gy
* Shorter wavelength — more channels for same sized | —
array : : =
. Cha||enge https://ideas.ethz.ch/res‘e'é-rqc-w;urveys/pa-survey.html
* Atmospheric attenuation 140
* PAA element spacing - —A/2 @ 150 GHz is 1 mm =120 e
* Challenging packaging technologies & 1::
* Technologies 4 6o b
. ]
[lI-V: InP HBT, InP HEMT, GaN HEMT, SiGe 2 314 S
* Heterogeneous Integration S 0 " - - s
* Small Form Factor K u"dl Su:TH Ihlg tr),...;.d.:m Imu c mnnf
. H amaaa, u Z In ase Ireless Lonnection
Antenna On Chip Techniques toward 6G, “ ISSCC 2022, 6G Forum
IELE . o
«photonics f sami ELECTRONICE 3
¢IEEE P .’ @muﬁsm m

<@
140GHz Tx Analysis -- 65dBm EIRP Array PAE Contours
Array size / technology / thermal trades E{T&E:E-dw
e | S oo

i
(]

CHOS Territory

(1
[ ST epep——
L]

Array Pdc (W)

200 E‘:M Taggat’ T SiGe & 501 T-rrm_.__‘_.___________-—_-_—_'_—'-_-‘

k- —
100 1 5 I ———— 10 W jem
|“":__| *_——':"*'- | 1
P& Pavg: 15dBm 12dBm SdBm GdBm 3dBm OdBm

N (# elemants) 400 600 ] 1000 1200 1400 1600 1800
Array Sire: 4.6em Sem ld4em 1Bem2

o $0GHE I84-element IC area W I8GHz 156-element BF IC area I05H: 256-alemant ——

5, Shahramiam et al &, Khalil ot al Asray nize
© 300) EEEE F1.1: Emarging Device Technokogies foe 36 af 42
Entarmabane Sobd-Seate Cormuty Confersncs BF/mmWaye FEMS

Nicholas Comfoltey, “Emerging Device Technologies for RF/mmWave FEMs,” ISSCC2023 Forum
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Technology/Capability Gaps and Showstoppers _
Challenge 3: Lower Energy Consumption

Breaking the Energy Curve Rollout Green 5G 6G: Zero-Energy Devices
e - Pt o n s :l||-1‘

Py p—

s B= ==

Cowmw e
"o ey

Cagandnm

* Ericsson and MIT collaborating on the design of SOTA hardware that could power future 5G / 6G
networks

* Neuromorphic computing, promising exponentially more energy efficient Al-algorithms

* ‘“zero-energy” devices able to harvest energy directly from the received radio signal and use it to

connect to the mobile network
https://www.ericsson.com/495d5c/assets/local/about-ericsson/sustainability-and- https://www.ericsson.com/en/blog/2021/9/zero-energy-
corporate-responsibility/documents/2020/breaking-the-energy-curve-report.pdf devices-opportunity-6g

& IEEE “photonics /psemi & Blsponse m

Next Stop For R&D: 6G

B6G Vision and Requirements

Performance Requirament:

= Peak rates 1 Tops [5G x50)
§  User experience data rate: 1 Gbps |56 x10)

O Truly immersive XR
8 Virtual Reafity, Augrmaented 8

Rpality, Mixed Reality
 Latency: 10D peet [5G 1 —) 144 GHz TX beamformer module  Antenna array with 16 RF channels
with eight dual-channel at 144 GHz carrier frequenc
0 High-fidelity mobile 45nm RFICs wire bounded to the auency
hologram antenna array. (Samsung)

& anbersct with ehei
& virtual world

B Hext-genaration imsdis = b
techatiogy uting
Folograghic disply
O Digital replica It e E
®  Wspicate physical eriities o - |

Gary Xu: THz for 6G Communications: Vision and Challenges, Antenna pattern shows 21 d8 of realized gain and +/-40
ISSCC2022 6G Forum degree steerability.

Shadi Abu-Surra et al, “End-to-end 140 GHz Wireless Link Demonstration with
Fully-Digital Beamformed System, “ 2021 IEEE ICC Workshop” Samsung . UCSB

¢ IEEE “photonics /psemi & S ASME
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Promise of 5G

5G will expand the mobile A G
ecosystem to new industries $‘]3_‘| Trilli on

in global soles octivities by 2035

Richar rcbils axparipnces Simart manufeciuring Irtniligant retall Smart city

https://www.qualcomm.com/content/dam/qcomm-martech/dm-assets/documents/Qualcomm-Whitepaper-Vision-market-
drivers-and-research-directions-on-the-path-to-6G.pdf

& IEEE “photonics /»semi & Blonouer % G By iy
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6G will bring new and enhanced user experiences across the connected intelligent edge ==+

Propelling next-level experiences and innovative use cases in the
new era of the connected intelligent edge for 2030 and beyond

https://www.qualcomm.com/content/dam/qcomm-martech/dm-assets/documents/Qualcomm-Whitepaper-Vision-market-

drivers-and-research-directions-on-the-path-to-6G.pdf
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6G 140-GHz Phased Array

oIMS Antenna on Quartz Superstrate
i £ .;E'-h
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* Patch antenna arrays fabricated on the quartz superstrate
* EM wave coupled between the on-chip feed and the antenna RX Chi?ﬂmm TX Chip
TE Asrary ESRP va. Froquancy

= Antenna feed matching network based on micnostrip TL
80 IMS Build Phased-Array Systems at 140 GHz

::‘;:::
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X Meas

RX Meas T
Li & Rebiez, "A 140GHz CMOS RFSOI Transmit-Receive Phased-Array

Wireless Link with 11-12Gbps and 16 and 64-QAM Operation,”

IMS2022
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Enabling technologies, 6G new application opportunities and technological challenges ~—

* RF spectrum for future localization and sensing
systems

* Leap in available bandwidths and carrier frequencies

* The transition to THz frequencies has several
important benefits.

* Signals at these frequencies are unable to penetrate
objects, leading to a more direct relation between the
propagation paths and the propagation environment.

* At higher frequencies, larger absolute bandwidths are
available, leading to more resolvable multi-path in the
delay domain with more specular components.

* Shorter wavelengths imply smaller antennas, so that small
devices can be packed with tens or hundreds of antennas,
which will be beneficial for angle estimation.

* The high-rate communication links offered by 6G will be
able to be leveraged to quickly and reliably share map and

location information between different sensing devices. Craiargen
* 6G is not not just new frequency bands - it will be Al- 5] o,
enabled for sensing, communications and imaging @ ! &
LB T e e T

Fi—v-—u-—-

- http://jultika.oulu.fi/files/isbn9789526226743.pdf - )
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Summary <<

We are at a unique point in time when there is a global recognition on the critical
roles of semiconductor and microelectronics as foundational pillars to nations
economies.

There is immense need for a Heterogeneous Integration technology roadmap
addressing future vision, difficult challenges, and potential solutions to pave the way
for Microelectronics Resurgence

* Our Greatest Challenge are ourselves : will we take full advantage of unique
opportunities today collaboratively advancing the the science & technology for the
benefit of humankind.

* Heterogeneous integration (e.g SiP & Chiplets & more) is a broad & deep base for
Science & Technology Renaissance & Microelectronics Resurgence

$IEEE  ‘Photonics /& semi & Sl VI AP
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Thank You!

https://eps.ieee.org/technology/heterogeneous-integration-roadmap.html
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Decadal Plan for Semiconductors

* The Challenge: Innovation in semiconductor technology
is needed to advance information and communication
technologies (ICT) critical to our economic growth and
national security

* The Decadal Plan provides an overview of the global
drivers and constraints for the future ICT industry,
focusing on creative solutions and measured impact. The
Decadal Plan has three key objectives:

* |dentify significant trends, applications, and challenges in
semiconductors that are driving ICT.

* Quantitatively assess the potential impact of the five seismic
shifts on ICT.

* |dentify fundamental goals to alter the current trajectory of
semiconductor technology to better address coming challenges

- httpS)//www.src.org/about/decadal-plan/ - )
+photonics samil = WEcTaonics ME (T TR
¢ IEEE P o & Bionon AP

Five Seismic Shifts That Will Define The Future of
Semiconductors and ICT

1. Fundamental breakthroughs in analog hardware are required to generate smarter world-machine interfaces that can sense,
percetve, and reasen. Annusl myeaiment nesd SE00M theaisghout th detade to puriie areleg-ta-nl ormation comgesLnn
reduction with a practical compression/reduction ratio of 10%1 for practical use of information more analogous to the hisman bramn

Z. The growth of memory demands will cutstrip global silicon supply, presenting opportunities For radically new memory
and storage solutions. Annual irvestment pesd: ST50M throughoul this decads 1o develop emerging memariesmemony labnes

with = 10-100% demsity and energy effickency improvement fo

sch level of the memory hisrarchy. Discover new storage systems

and stacage technologies with = 100x storage density capabiliy.

3. Always-available communication requires new research directions that address the imbalance of communication
capacity vi data-genaration rates. Annual irvestment need: STO0M throughout this decade For communication enabling
daba movement of 100-1000 redtaby s

% that

elfectively utilize bandwsdth bo macimize nebwaork capacity

4, Broakrhroughs in hardware research are needed to address emerging security challenges in highly interconnected
. 1 systems and AL Annusl investment need: SE00M thicughdut thit decade For privacy and secusity hardwaie advances that

keep pace with new Leg reats and use cases (e.g., trustwodthy Al systems, secure hardwade platforma, and emerging

posiguantum and datribute raghic algarithms]

5. Dver-rising enargy demand for computing vi. global energy production is oreating new riak, and new compubing
paradigms offer opportunities to dramatically iImprove energy efficlency. Annual investment need: $750M throughout this
decade bo discover computing paradigrs/srchitectures with a radically new computing trajectary demaonstrating = 1,000,000

mprovement in enetgy elfickency
https://www.src.org/about/decadal-plan/
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Paradigm Shift: SysMoore Era g
System on Chip -> System of Chiplets

* SysMoore Era — the confluence of Moore’s Law
ambitions in transistor design and now packagin
coupled to systemic complexity that together wi
bring about a 1,000X increase in compute across
devices and systems of all kinds and lead to a
“smart everything” world. (Aart de Geus, CEO of
Synopsys)

* The complexity that comprises a modern chip
complex, full of chiplets and packaginﬁ, is mind-
numbing and the pressure to create the most
efficient implementation, across its many possible
variations, is what is driving the next level of Al-
assisted automation.

* The synthesis of logic and the placing and routing
of that logic and its memories and interconnects,
is done by tools such as those supplied by https://www.synopsys.com/glossary/what-is-sysmoore.html
Synopsys, to what we would call AIDA, short for
Artificial Intelligence Design Automation,

Syslemic Complaxaly

Seabe Complusity

https://www.nextplatform.com/2022/02/25/sysmoore-the-next-10-years-the-next-1000x-in-performance/
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EU: Data and telecom in the beyond-5G era

Beamforming radio architecture for >100GHz connectivity

Transmitses (TX} I’___‘_b_ he B Receiver (RX)
,:‘,.., . '._..‘g,,, =P ’x‘an
[l :
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Jo De Boeck, imec, KUTeT\;t;'r:,:“EU Chips Act drives pan-European full-stack innovation partnerships,” ISSCC 2023 Plenary
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EU: Data and telecom in the beyond-5G era

More transmit power at mm-Wave: SiGe and IlI-V

@ Power GaN Is the champion balow 100 GHz, above 100 GHz InP is superior
@ Speed: CMOS saturating, growth still possible with InP, GaM and SiGe
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Jo De Boeck, imec, KU Leuven, “EU Chips Act drives pan-European full-stack innovation partnerships,” ISSCC 2023 Plenary
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technology/material choices

= Architecture partitioning non-CMOS
= Challenge for EDA tools: electrical,

EU: Data and telecom in the beyond-5G era

Entire communication transceiver: complex blend of materials
Heterogeneous integration is key

A
System-Technology Co- L s 7 7 4
Optimization will drive Arenne r e s 7 4

electromagnetic, thermal and .
mechanical simulations needed CMOS it it
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Jo De Boeck, imec, KU Leuven, “EU Chips Act drives pan-European full-stack innovation partnerships,” ISSCC 2023 Plenary
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