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“Complementary Field-Effect Tran sistor (CFET) Demonstration at 48nm Gate Pitch for Future Logic Tech
nology Scaling,” S. Liao et al, TSMC)



Figure 1a. The evolution of device
architecture from FinFET, to nanosheet
FET (NSFET), to 3D stacked CFETs. Novel
transistor architecture innovations keep
fueling the drive to continue Moore’s
Law scaling. 1b. An inline cross-section
TEM demonstration of a monolithic
CFET with a gate pitch of 48nm and with
nFETs placed above pFETs, and both
types of transistors surrounded by a
single metal gate.
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(Paper 29.2, “Demonstration of a Stacked CMOS Inverter at 60nm Gate Pitch with Power Via and Direct
Backside Device Contacts’M. Radosavljevic et al,Intel)
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Figure 2. This inverter voltage transfer curve, which verifies that all highlighted
components are working together on the same diffusion, indicates a; well palanced
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Figure 3. Bright (left) - and dark-field (right) TEM images of the stacked 1L.-MoS2
channel structure with a C-type metal contact. 7
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4 - (Paper 2.1, “Monolayer-MoS2 Stacked Nanosheet Channel with C-type Metal Contact," Y-Y Chung
et al, TSMC/Nat’l Yang Ming Chiao Tung Univ./National Applied Research Laboratories)
FE—THIER 2D CMOS JER : MR FET 34 (n-FET # p-FET) 2 JURHUCERMAE - DUE
CMOS ZiERUIERETIF - BE - B MoS2 2—ES n 2ZHRMHH TMD ##, EHEFERT p BHEH
. T TMD ## WSe2 &S p B8, s, XAFHENAMRENIE B RE - E%H = HAAIH)E
TZ - TSMC SR B ISR R 2 Al X R iR TMD HEM FEHER L E R 5FH n MOS &
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pA/um), IS¢, p-FET B FRXBTEILERNEKF (~30 cm2/Vs) , (Paper10.1,“Status and

Performance of Integration Modules Toward Scaled CMOS with Transition Metal Dichalcogenide
Channel,” A-S Chou et al, TSMC/Nat’l Taiwan Univ/ Nat'l Yang Ming Chiao Tung Univ.)
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tor/1-STT-MRAM with Ultra-Low (1 ppb) Read Disturb for High Density Embedded Memory Arrays,” E.
Am brosi et al, TSMC/Taiwan Semicon ductor Research Institute)
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XA SHELEITTHE - (Paper 6.3, “Highly Manufacturable, Cost-Effective, and Monolithically

Stackable 4F2 Single-Gated 1GZO Vertical Channel Transistor (VCT) for sub-10nm DRAM,” D. Ha et al,
Samsung)



Figure 4. An X-TEM image (left) and EDS
analyses (right) of the single-gated 1GZ0
vertical channel transistor after gate
stack formation.
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£ (FRAMMERE) . (Paper 15.7, “NVDRAM: A 32Gb Dual Layer 3D Stacked Non-Volatile

Ferroelectric Memory with Near-DRAM Performance for Demanding Al Workloads,” N. Ra maswamy et
al, Micron Technology)
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Figure 5. The images show the final die layout (left) and SEM cross-section (center)

of a 32Gb NVDRAM with 1T1C memory layers, fabricated over a CMOS array. On

the right is a schematic diagram of NVDRAM memory arrays, showing polysilicon

access device with orthogonal wordline (WL) and digitline (DL?, .nd.fer _Eua'or 7
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al, Georgia Tech/Samsung)
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Figure 6. Left is a schematic showing the three functional layers: Si CMOS logic,
RRAM-based CIM, and CNT-RRAM 1T1R buffer macro. The right shows cross-
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CNTFET/RRAM 1T1R Array with CNT CMOS Peripheral Circuits as BEOL Buffer Macro for Monolithic 3D
Integration with Analog RRAM-based Computing-In-Memory,” Y. Zhang et al, Tsinghua Univ./Peking
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N A - (Paper 12.1, “Hardware Demonstration of Feedforward Stochastic Neural Networks with Fast MTJ-
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SR EMAN BB BB L IGaNFISI CMOS #I3DE R EMMHMRERE LZHRE - HdSi CMOS&fk
ENERMELS BEGaN MOSHEMTHIMR R /T8 7T BRIIAR Z RIS Ak (Bl 7). XARAR ¥ GaNFISi CMOS&{A
&E3DB R ERNEEIRS - ZREXFEGaNFHISi CMOS R K E R B HZABRNEIR TIEHSE - NERT
ERENBEIFRED TR - X T30nmMiRKERNGaN MOSHEMT, ###&3KI ¥ FOM=1/(RONQGG)of

0.59 (MQ-nC) -1, ERT7TIZZRMARRY EBHAE S - (Paper 9.7, “DrGaN: an Integrated CMOS Driver-GaN

Power Switch Technology on 300mm GaN-on-Si with E-mode GaN MOSHEMT and 3D Monolithic Si
PMOS,” H.W. Then et al, Intel)
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Figure 7. The new process flow for the 3D monolithic integration of GaN and Si
CMOS by layer transfer, where the high-temperature activation steps for the Si
CMOS transistors are completed before the gate dielectric of the GaN transistors is
deposited. 405 _"—- A A |
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HHMRLCE - R 7K HMZRF - (Paper 34.6, “THz InP/GaAsSb DHBTs with Record fAVG=800
GHz: Characterization to 330 GHz,” A.M. Arabhavi et al, ETH-Zurich/Univ. of Bordeaux)
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BERE B NBESHNE - —EMRARRBRRES N IES/NHERAN0.5um3EHES T
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= 1 67%, (Paper 40.1, “A 0.5um pixel 3-layer stacked CMOs Image sensor with Deep Contact and In-
pixel Cu-Cu Bonding Technology,” GD Ryan Lee et al, Samsung)
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Bir2tlES N A K F - (Paper 8.1, “ wafer Level Integrated vertical wave guide sub Diffraction Limited
Color splitters,” S. Kang et al, IMEC/KU Leuven/Ghent Univ.)
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5x5F%5MoS2 TMD BB RAE - XipFHEFEER FBEOLABEEE HIEMMLY - DI USRS i

SEEREEBE AL - (Paper 33.2, “3D Monolithically Integrated Device of si CMOs Logic, IGZODRAM-

like, and 2D Mos2 phototransistor for smart Image sensing,” F.M Lee etal, Macronix/Taiwan
Semiconductor Research Institute/National Tsing Hua Univ.)
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Figure 9. The images show (left) a schematic illustration and (righ” :A crc=s;-¢= Al
sectional SEM view of the 3-tier monolithic 3D image sensor stracadi Q)= Sl
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RIRHIC, XMBANMERZRERT —PBANTE - oIDBIETRIBEEERERIC KRR/
B RS F ORI Z BN - BRTLAEYERENBOWNEEMESEMNAFRFINS -

(Paper25.6, “Dual-wavelength Neural prob for Simultaneous Opto-Stimulation and Recording, Fabricated
in a Monolithically Integrated CMOS/Photonics Technology Platform,” P. Neutens et al, IMEC)
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LEXRFIASHAMNHNEERBRENERIEMR (InGa0) R, 142 73S BEOL#
InGaO TFT, B 60nm KH#BHE (4 3nm) A&, Sl MIE@BEIVERIF - AR 7R tPies ik
e /IR EBRMEEE (ION/IOFF 4 10-11) ., Bf1EB 418 pAlum HEBEFRE , URMEARRZA "
hE REAREREY - XMMRRRER - BRAANTEENE TFT INESUEUEREE - LH

EEXERUPERREREF (HARE ) SBREANMEEF (HERR ) BRAMBLENEA -
(Paper 41.1, “Fluorine Anion-Doped Ultra-Thin InGaO Transistors Overcoming Mobility-Stability Trade-
Off,” J. Zhang et al, Purdue Univ./Xiamen Univ.)
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(Paper 3.4, “A Materials-Device Co-Design Framework for Re -alizing Ultra Energy-Efficient All-2D-Spin-
Logic Circuits with 2D-Materials,” S. Zhang et al, UC- Santa Barbara/Zhejiang Univ.),
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