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ALD critical for IlI-V MOS structures
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Fig. 4 In situ half-gycle ALD study of S-passivated Gafs showing (a) Ga 2p and (b}

Nan Oelectron ICS: I I I_V CMOS As 2p e glons. The As-shaded feature corres ponds to As-Asbonding Reprinted with

permission from [28], © 2008, American institute of physics.



The Bad Guys
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Fig. 6. Density of states calculated from the O-rich HiO; /GaAs interface. The As-As

dimer defect is seen to result in a significant density near the midgap, while Ga db
and “Ga +3-like” states contribute near the band edges.
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FIG. 2. D, vs. E - E_ extracted using the low frequency fitting method (see
Ref. 14) as a function of InAs orientation and oxide deposition temperature.

N The x-axis denotes the position of the trap level E; in the band gap with
respected to the conduction band edge E...
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Fig. 4. Creation of bonding and antibonding states (o and o*) from As-As bonds,
related 1o the band energies
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Fig. & Schematic of the density of interface states for GaAs and InAy, compared to

the bulk band states and their charge neutrality levels (ONL)/Fermi Jevel stabili-
sation energies



CV for InAs Nanowires: Gen 1 nNao /\//\\
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Low Parasitic Capacitance

Good CV Modulation

J.Wuetal.,, IEEE T-ED 2016

SISC, San Diego, 2016, Wernersson
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Interpretation of the CV Data NANO &
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Data interpreted with a combined model
with interface traps and border traps
Similar N, to planar InAs references
Lower D, than planar InAs references

SISC, San Diego, 2016, Wernersson
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Low D;; on InAs Nanowires: Gen fwo 7~

Air bridge

J.Wu et al.,, IEEE T-ED 2015
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Low D, on InAs Nanowires o 77
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Has an InAs nanowire less traps?
WZ crystal structure, larger E
WZ crystal structure, more stable facets

J. Wu et al., Nano Lett. 2016 | Nanowire geometry, less volume for
minority generation
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What iIf we use a Ferroelectric Insulator?

Use a series connection to stabilize
the negative capacitance!

Surface potential in the channel

v, N C, S av, N, oy,
igure 1. standard 5 where the current I in the =1 = =
dFrfiJ:l cirt:ui;:a‘is ‘::a;:ﬁtroll:iEl;:ry ttligcét;?: voltage V. The ﬁ;]it panel a?ps me- aﬂoglﬂ I} C?Ws {9(]0310 I}
shows an equivalent circuit for the division of the gate voltage L_E::‘
between the msulator capacitance and the semiconductor capaci-
tance (that comprnises of the depletion, channel to source and channel
to drain capacitances).
Landau-Kahlatnikov relation: E =2 3 > dr
: ot = 20P + 48P + 6yP +pd—
[
d_ﬁ Use: Q =P V= Eexttins
p—+ VsU=0 N s dO
ds VaoagQ+ Q" +y 0 + Po g,

Very different from dielectric capacitor!
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What if we use a Ferroelectric Insulator?

Calculation for BaTiOa: 1s 5

1
150 T . v v .

t. =100 nm
ing

3
i

)

n

g
,\
]
W)

, .06 04 02 0 02 04 08 1% 06 04 02 0 02 04 06
Applied Voltage, Vg (V) Applied Voltage, Vg (V)

'
o
(=]

-

o

Polarization (fC/p mzj
=]
-~

| | il
1Ins=225 nm '3

——t
-40

W)
=)

40 60

8

g 3
B i
ot
g ) -—/;

t =200 nm
ins

Electric Field (kV/cm)

Definition of polarization: - 1
A5 06 04 02 0 02 04 08 15 06 0a 02 0 02 04 08
P:SOXSEZSO(Sr_l)E Applled Vokage, Va (V) Applied Voltage, Vg (V)

Dielectric material - linear o

: : 3" )
Ferroelectric material - loop RrE Jk

1.5 "
: S PP 9
Nanoelectronics: Heterogeneous Integration i W w0 me @ 0

Insulator Thickness (nm)




Can HfO2 be Ferroelectric?

Ferroelectricity in undoped hafnium oxide 20 (degree) 20 (degree)

Patrick Polakowski and Johannes Muller

Fraunhofer Institute for Photonic Microsystems IPMS - Business Unit Center Nanoelectronic Technologies 2 O 3 O 40 50 60 70 80 2.8- 310. 3l2.
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HfO, has several crystal structures

The phases depend on processing i
(ALD 300 C + spike anneal at 650 C)

O-phase are ferroelectric
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Can HfO2 be Ferroelectric?

Small grain sizes are
required

polarization (nC cm %

Note the high
permittivity

permittivity

10nm

The films have a
life time issue with
degradation

remanent polarization
(pC/lem’)

Might be solved! Ji 3
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Effects on Transistors

Improved Subthreshold Swing and Short + Orthorhombic
Channel Effect in FDSOI n-Channel Negative =10 g % F
Capacitance Field Effect Transistors ool @ i\ e
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Effects on Transistors
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The reference has lower D;,
but the NC-FET has better
characteristics!
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Effects on Transistors
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