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Tunnel field-effect transistors exhibiting performance beyond the Boltzmann thermionic limit
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The International Roadmap for Devices and Systems (IRDS) has identified the tunnel field-effect transistor
(TFET) as the most promising next-generation logic device that enables sustainable downscaling in driving
voltage and power consumption. Demonstrating an acceptable sub— Boltzmann-limit ON current (namely
160, the current level when a TFET switches to a subthreshold swing level of 60 millivolts per decade) and
current-switching ratio has presented a formidable challenge. We report a TFET based on a bismuth/indium
selenide (Bi/InSe) heterostructure that exhibits an 160 of up to ~10 microamperes per micrometer and a
current-switching ratio of >107. We attribute such promising TFETS to precise material design, clean
interfaces fabricated under vacuum, and band engineering based on subthreshold swing physics. Our results
demonstrate a high-performance basic building block that meets the IRDS requirements for next-generation
integrated circuits.
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Direct evaporation of single-crystal metal contacts for 2D semiconductors
O0000000OO0DOOoDOOooOoooog

A 00U OYING ZHANG, CHANG LIU, HUITING WANG, GUICHEN TENG, YILU QIN,
WENCHENG NIU, ET AL.

A0 00

217



https://www.science.org/doi/10.1126/science.aee3132
A0
godoobboodz22bb0oonoodoooooobooon

guoobobbtobooooobbuooobobbbboooooobbboooooobon
gobboobbbuodgoooobobbbdoooooboobbouooogoboooog
gobobobobboooooobbobbbodoodMoe2Dooodwse20 oo
gon

gobboobbbuodgoooobobbbdoooooboobbouooogoboooog
goobobobbooooooobbobbbooooo-ooboboo

0000000000 MoS20WSe2l0 00 00O 0O O 360 145
QUumdOOnDOpO0O0OO00OD0O0OD00OD0O0ODLOODODODOOLImMA/M MmO

A Abstract(

Metal contacts remain one of the key bottlenecks in two-dimensional (2D) semiconductor electronics. We
developed an atomic-scale step-by-step evaporation method to directly grow single-crystal metals on
monolayer semiconductors with clean interfaces. This method accesses a distinct growth-kinetic window that
suppresses secondary nucleation and promotes lateral coalescence, enabling van der Waals epitaxy of diverse
metals—including bismuth, silver, indium, gold, and palladium—on molybdenum disulfide (MoS2) and
tungsten diselenide (WSe2). The single-crystal metals support ultrathin conduction, provide spatially
uniform work functions, and exhibit improved thermal robustness. As contacts, they show minimal Fermi-
level pinning, approaching the Schottky— Mott limit. With bismuth and palladium contacts, monolayer
MoS2 and WSe2 transistors achieved ultralow n- and p-type contact resistances of 36 and 145 ohm-
micrometers, respectively, and short-channel currents both above 1.1 milliampere per micrometer.
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Tin halide perovskite light-emitting diodes (PeLEDs) offer promise due to their solution processability and
low toxicity, yet low efficiency and poor stability hinder practical use. We found that electroluminescence
failure in CsSni3 is primarily driven by excessive hole injection— triggered electrochemical Sn2+ oxidation
and an irreversible phase transition to Cs2Snl6. Through a dual-side optimization strategy combining
formamidine doping with triphenylphosphine oxide modification to stabilize the perovskite lattice, suppress
nonradiative recombination, and balance carrier transport, we demonstrate highly efficient near-infrared
PeLEDs. These lead-free devices achieve a peak external quantum efficiency of 21.2% at 963 nanometers and
a maximum radiance of 195.8 watts per steradian per square meter (W sr-1 m-2). Notably, the operating half-
lifetime reaches 920.5 hours at 7.1 W sr-1 m-2, providing pathways for high-performance lead-free PeLEDs.
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Hypervision: An on-chip hyperspectral microsystem for online video-rate computational imaging
O000000OHypervisionDOOOOOOOOOO

A 000DOLIHENG BIAN, QINGHAO MENG, LIANJIE LI, ZHEN WANG, YIBO FENG , XUAN
PENG, ET AL.

A0D0O0O
https://www.science.org/doi/10.1126/science.aef8268
A0D0O0O

gobboobbuodgogoboboobbdooogoboobbuoooogouboboooood-
goobobbbooooooobn

gobobobooooooooobbbbodooNPUDUOO0O0ODDDODDO16000O0OINTI6
goboboobbogodgibobbuougoogobobbbougooooboobougg
god

UduUOOHyperspeciU 0 U ODODOOOOOUOODODOOOO0OOLOO-0O00000OO
goppoosotbibbbudoouunbobibiodooons290 0512x 51200 0 0 U610 U

4/7



00002460 01024x 10240 00000 ODOOOO0O0O0O0OO0DDOODOOO0O0OOOno?
5300000 0367 GOPS/WO O

gobboobbbuodgoooobobbbdoooooboobbouooogoboooog
gooboobboooooooobno

A Abstractd

In this work, we tackled the long-standing challenge of the massive computation for hyperspectral imaging
that is required to reconstruct and process large-volume spatial-spectral data cubes. Specifically, we designed
a hardware accelerator, fabricated as a neural processing unit (NPU) capable of 9.3 tera operations per
second at 16-bit integer (INT16), alongside a topology-aware structured pruning strategy for a lightweight
reconstruction network. Through integration with our Hyperspecl sensor, we demonstrate a fully standalone
visible— near-infrared hyperspectral microsystem (~950 grams) that requires neither external power nor
computing resources. The microsystem achieved real-time hyperspectral imaging at 32.9 frames per second
(512x 512, 61 channels) or 24.6 frames per second (1024x 1024, 16 channels) and consumed only ~25.3
watts (367 giga— operations per second per watt). Application demonstrations in intelligent driving and air-
to-ground monitoring highlight its practical potential advancing computational hyperspectral imaging from
offline processing to integrated online perception.
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Traditional precious metal catalysis benefits from well-characterized inner-sphere elementary steps in which
a single complex binds and unites substrates at the metal center. By contrast, base metal catalysts have
recently demonstrated competence in cross-coupling transformations through iterative outer-sphere
reactions in which product bond formation occurs by serial additions to the ligand, not the metal. Despite
the emerging diversity of two-component outer-sphere reactions, comparable multicomponent outer-sphere
couplings remain rare. In this study, we describe an iron-catalyzed [1+1+1] synthesis of cyclopropanols
through iterative outer-sphere reactions between two carbenes and an ester. This reaction initially generates
silyl enol ethers stereo-, regio-, and chemoselectively through a traceless, directed olefination that can be
further exploited to enable transformations unavailable to prior methods.
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Foreshock productivity and rupture nucleation in injection-induced earthquakes in western Canada
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Foreshock activity is a key consideration in traffic-light protocol (TLP) to mitigate seismic risk from injection-
induced earthquakes (I1Es). However, the seismogenic processes of I1E foreshocks remain poorly
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understood. Using an enhanced western Canada catalog (2014— 2024), we analyzed 77 11E sequences to
statistically delineate foreshock patterns before local magnitude (ML) = 3 mainshocks. We found that 92%
are preceded by foreshocks and that foreshock productivity and spatiotemporal patterns reflect the interplay
among fluid injection, the seismogenic index, and the fault stress state. Sequence-specific analyses elucidate
three nucleation models: fluid-driven preslip with weakened source asperity, fluid-driven preslip with intact
source asperity, and fluid-driven cascade, highlighting the central role of fluids in enabling aseismic slip and
interevent stress transfer before mainshock rupture. These results imply that 11E monitoring strategies should
be spatially conditioned according to foreshock productivity.
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