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Abstract. In this present work, a three‐dimensional cylindrical Junctionless 

IGZO nanowire FET (JLNWFET) for detection of NH3 gas, based on catalytic 

gate metals (Ru, Rh, Mo) with controllable work function modulation through 

gas adsorption was designed and examined. The device performance was char-

acterized by SILVACO ATLAS simulation with quantum confinement, mobility 

degradation, and recombination–generation mechanisms at 300 K temperature 

conditions. The sensor demonstrated excellent performance: a 200 meV work‐

function shift induced an OFF‐state sensitivity greater than 2×103, and an ON‐

state sensitivity of 0.304. Ruthenium‐gated devices achieved the best perfor-

mance, enhancing the ION/IOFF current ratio by up to eight orders of magnitude 

following exposure to ammonia. These findings indicated that junctionless nan-

owire FETs, especially when gate stacks are optimized using Ru–HfO2 gate 

stacks, yield a low‐power, integrable platform for real‐time gas detection with 

high sensitivity. 

Keywords: Junctionless FET, nanowire, ammonia sensor, catalytic gate metal, 

work function modulation, sensitivity, ON-OFF ratio. 

1 INTRODUCTION 

There has been an increasing need for low-power, miniaturized, and sensitive gas 

sensors over the past few years due to their increasing applicability to environmental 

monitoring, industrial safety, and diagnosing healthcare conditions. Detection of gases 

like ammonia (NH3)—toxic even in trace amounts—has been of utmost importance [1]. 

Semiconductor gas sensors, particularly field-effect transistor (FET)—based devices, 

possess some benefits like label-free detection, on-chip integrability, and real-time 

monitoring [2]. Among them, nanowire FETs (NW-FETs) have been identified as 

promising platforms due to high surface-to-volume ratio and better electrostatic gate 

control, allowing deeper interaction with target analytes and better sensor response [1]. 
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