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Threshold Voltage Control Using Floating Back Gate for Ultra-Thin-Film

& EE

Seiji FUJINO  Kazuhiro TSURUTA  Akiyosi ASAI

With the fully depleted ultra-thin-film SOI-CMOS, one important issue is controlling the threshold

voltage (Vth) while maintaining high speed operation and low power consumption. To control the

Vth, applying a bias voltage to the substrate is one of the most practical method. We suggest a fully
depleted ultra-thin-film SOI-CMOS with a floating back gate, which is formed at the lower part of the

channel field inside the substrate and stores electrons injected into it. This device can eliminate the

necessity of an extra circuit or a separate power supply to apply a negative voltage. The silicon wafer

direct bonding technique is used to construct this device. With the prototyped devices, we can
successfully control the Vth for both the nMOSFET and pMOSFET at around 0.5 V by controlling
the quantity of the electric charges injected into the floating back gate.

Key Words ; SOI, Threshold Voltage, Wafer Direct Bonding, Floating Back Gate, Electric Charge

Injection, Ring Oscillator
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Table | Parameter values of ultra-thin-film SOl MOSFET

Parameter Value
Thickness of front gate oxide Tof 13 nm
Thickness of upper buried oxide Toub 350  nm
Thickness of lower buried oxide Talb 100 nm
Thickness of SOI layer Tsor 80 nm
Acceptor concentration in SOI layer Na 5x1016 cm-3
Donor concentration in SOI layer Nbi 1x1015  cm=3
Density of fixed charges at front interface  Nff 5x1010 cm3
Density of fixed charges at back interface  Nfb 1x10" cm?
Fast interface state density at fron interface  Dfit 1x10Mcm 2 eV!
Fast interface state density at back interface Dbit 5x10M"em2 eV
Work function difference at front interface O msf -0.95 v
Work function difference at back interface @ msb -0.95 v
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