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Y T 10° i In this work, we introduce an ultra-sensitive sensor platform using membrane-gate field-effect transistor (MG-FET) fabricated by
F!’°p°5eFET menolithic 3-dimentional integration (M3D). This sensor platform has high potential to use in the Interet of Things (IeT) sensor node
Y & 10' exiire because M3D can directly integrate sensors on top of CMOS circuits using interlayer vias without signal loss through long interconnection
2) lines. The design guideline for the seasitivity of the MG-FET sensors were simulated using a combined 3-D finite element analysis (FEA)
3 P and techuology computer aided design (TCAD) model. The MG-FET sensor platform was demonstrated using bonding based nancmeter
. ir Existing SENW “ membrane transfer and low temperature fabrication processes including hydrogen ion implantation-based wafer cleavage & bending
§ 14 | Biosensors (subthreshold) [3] (<450°C), low temperature S/D nickel silicide process, and low temperature gate stack on the chemical-mechanical polished (CMP) wafer.
") Based on the fabricated sensor dimension, the MG-FET sensor platform can be one of the key advanced technologies for many [oT
(Exp. data) o e
1 v applications.
o - Operating Principle of a MG-FET Sensor Fabrication Process and Results of a MG-FET Sensor
uumﬁ
1] T B (plezores.)(6] Stumuli induce mechanical stress on the membrane, and fhis changes | | Several M3D fabrication techmiques were used for implementing the
: the gap height. Since the change of the gap height is equivalent to the MG-FET sensor. Also, the thermal budget of the whole process is kept
. : 2 : y change of he electric field, the current through the depleted or inverted below 450°C. The key feature process of the MG-FET sensor imvolves
Nanomech 10 10 10 10° 10 channel as altered. (1) making schottky barrier FET by nickel silicide source/drain and (2)
(resonance)[5] N_(normalized) (a.u.) Example of a MG-FET Biosensor low temperature nanometer membrane tansfer by SOI wafer bonding.
L - Fabrication Process of a MG-FET sensor platform
A o " 3
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SOL wafer
Ref: A. Jain, et. al. PNAS 109, pp. 9304, 2012 —llle < =
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Sensor —‘9— prer— (a)\hs; source/drain  (b) Oxide vacaum () Nanometer membrane
cemas *_;.'::...p e . T Tormation trench formation  tramafer by SOI bonding
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Melllbrane gate I E I (MG I E I ) De: Gl e of a MG-FET Sensor
® ° Combined 3-D FEA end 2-D TCAD simulations were conducted to (d) Handle wafer (&) Si membrane (9) Via patteming &
find the desizn zuideline for the optimum sensitivity and large drain Teleas patterning electrode deposition
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MG-FET Design for a Pressure Sensor
* 3DFEA
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(a) Optical photograph of a MG-FET  (b) SEM image of a MG-FET

(c) Cross-sectional SEM image of a MG-FET
Electrical Measurement of a MG-FET sensor platform
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