Channel length

20 nm,15 nm,10 nm

Oxide thickness (tox) 1.5nm

Silicon film (ts;) 1.5 nm
Source/Drain length 10 nm
Source/Drain doped 10%° /cm?
Channel doped undoped

Work function for gate 4.25 eV
Low-field mobility 120 cm?/ V-sec

Vs 0.4~0.55 V with 0.05 V step
Vps 0.1~0.5V with 0.1 V step
Temperature 300 K

Table 3-1 Simulation Specifications
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Start with an arbitrary
guess for E.(x)

h

Solve Schrodinger eq. with E-(x) to find eigenstates
and wavefunctions.

Then using eigenenergies and wavefunctions,
calculate n(x) according to Fermi function.

@

Poisson’s Equation

() —— Uscf(x)

Fig. 2-1 The flow chart of self-consistentlyrsoiving SChrbdinger-Poisson equation.
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Fig. 2-2 Schematic band structure of conduction-band electrons on (100).
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m Given X, quantum effects in the y-direction
(threshold voltage shift) are treated exactly by
solving a 1D Schrédinger equation , then

ielding a set of subband profiles (ESUB(x)).
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Solving by classical
ballistic transport model
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Fig. 2-3 Schematic diagram of solving 2-D Schrédinger-Poisson equation in channel.
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Metal Contact

Work function = 4.25eV Vg

tox=1.5nm
' n* t,;=1.5nm n*
s (102°cm3)| (intrinsic) (102°cm-3)

10nm

Metal Contact | L |
Work function = 4.25eV

«— 10nm—;
t,,=1.5nm

Ve

Fig. 3-1 Schematic cross section of:the device under study.

23



1400 ! ! ! ! ! ! | '

F..Y

] Rt It ST SR e e R IR

e L R I SR s IS R

£

R e e e e

R e e S e S

ps (WALm]

%

R e R

%

200 e

(L
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
Vo V]

Fig. 3-2 Simulated Ips versus Vps with L=20nm.
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Fig. 3-3 Simulated Ips versus Vps with L=15nm.
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Fig. 3-4 Simulated Ips versus Vps with L=10nm.
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The First Subband energy profile along the channel at different Vg
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Fig. 3-5 The first subband energy profile ‘along the channel at different Vs for
L=20nm.
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The First Subband energy profile along the channel at different Vd
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Fig. 3-6 The first subband energy profile ‘along the channel at different Vs for
L=20nm.

28



x 107 2D electron density along the channel at different Vg
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Fig. 3-7 The 2-D energy density along the channel at different Vgs for L=20nm.
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2D electron density along the channel at different Vd
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Fig. 3-8 The 2-D energy density along the channel at different Vps for L=20nm.
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The Subbands energy profile along the channel
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Fig. 3-9 The subband energy p
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. 2D electron density of the subbands along the channel
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Fig. 3-10 The 2-D energy density:élgr_)é thefchar‘[ne‘f"for L=20nm.
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3D Conduction band edge potential profile
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Fig. 3-11 3-D view of conduction band edge potential profile for L=20nm.
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