Lecture 8. Steep-slope Devices

Contents:

Nanowire Capacitors:
J. Wu et al Nano Letters, 16, 2016, p 2418 ” Low Trap Density in InAs/High-k Nanowire... ”

Negative Capacitance:
S Salahuddin et al Nano Letters, 8, 2008, p 245 ” Use of Negative Capacitance ...”

Ferroelectric HfO,:
P. Polakowski et al Applied Phys. Lett. 106, 215, p. 232905 ” Ferroelectricity...”

Negative Capacitance FETSs:
D. Kwoon et al IEEE Electron Dev Lett. 39, 2018, p 300 ” Improved Subthreshold....”

Nanoelectronics: Heterogeneous Integration |l



Microelectronic Engineering 88 (2011) 1061-1065

Contents lists available at ScienceDirect e —
ENGINEERING

Microelectronic Engineering

FI SFVIFR journal homepage: www.elsevier.com/locate/mee

Is interfacial chemistry correlated to gap states for high-k/IlI-V interfaces?
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Fig. 4 In situ half-cycle ALD study of S-passivated GaAs showing {a) Ga 2p and (b)

Nanoe | ectron iCS . Stee p_S | o) pe Transisto rs As 2p regions. The As-shaded feature corresponds to As-As bonding. Reprinted with

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



The Bad Guys
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Fig. 4. Creation of bonding and antibonding states (o and o) from As-As bands,
elated 10 the band i
Fig. 6. Density of states calculated from the O-rich HIO: [GaAs interface. The As-As FERRSONPEws.

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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CV for InAs Nanowires: Gen 1 Nao /\’f\‘
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Interpretation of the CV Data NG = 2
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with interface traps and border traps
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Low D;; on InAs Nanowires: Gen fwo /\’/\‘
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Low D;; on InAs Nanowires NANO /\’f\‘
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What if we use a Ferroelectric Insulator?

Use a series connection to stabilize
the negative capacitance!

Surface potential in the channel

Figure 1. A standard FET structure where th t Iin th BVE_I‘F G S= il =(?Vg W,
igure 1. 5 5 where the current I in the — =
drain circuit 1s controlled by the gate voltage F.. The right panel aws me- (;)(lﬂgm I } HWs ‘a(lﬂglﬂ I}
shows an equivalent circuit for the division of the gate voltage =m
between the msulator capacitance and the semiconductor capaci-
tance (that comprises of the depletion, channel to source and channel
to drain capacitances).
Landau-Kahlatnikov relation: = . »
. E._ =2aP + 48P + 6yP° + o0&
ext d ,

Use: Q =P V= Eextfins

do

dr
+ VsU=0 ) s
pE ? Vo0 + 8,0 +y ()QS + g dr

Very different from dielectric capacitor!
Nanoelectronics: Steep-Slope Transistors 8



What If we use a Ferroelectric Insulator?

Calculation for BaTiOj: 18 15
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Can HfO2 be Ferroelectric?

Ferroelectricity in undoped hafnium oxide

Patrick Polakowski and Johannes Muller
Fraunhofer Instimute for Photonic Microxystems (PMS - Business Unit Center Nanvelectronic Techmlogles

20 (degree) 20 (degree)

CANT. Drexiden 01099, Germany
lcu'b:J

20 30 40 S0 60 70 80 283032
| NOGRE Rl $lad

l l l l

| l Il L 11

Iorthorho

beL-n || NIRRT 2

HfO, has several crystal structures

The phases depend on processing

Imonoclinlc
(e ww.\nmu
L P e |

(ALD 300 C + spike anneal at 650 C) 3
Z.
O-phase are ferroelectric £
=
For thin films about 60% is obtained r am IO
—~ ,'__ﬁ_f/“'vul‘;_,.\"...f\ 6“'.'19_‘9 2
°\° .l.l.l.l.l.ll““.l':“:'
Other mechanisms: b) Se0t ,
- Doped HfO, (Si, Al ...) £30] ¢
- Hlo527050; Eoly ¥, o r—
4 6 8§ 10 12 14 16 18 20
Thickness (nm)

Nanoelectronics: Steep-Slope Transistors



Can HfO2 be Ferroelectric?

Small grain sizes are e T
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Effects on Transistors

Improved Subthreshold Swing and Short
Channel Effect in FDSOI n-Channel Negative =10
Capacitance Field Effect Transistors

Daewoong Kwon™ , Korok Chatterjee™, Ava J. Tan™, Ajay K. Yadav, Hong Zhou, Angada B. Sachid,
Roberto dos Reis, Chenming Hu, and Sayeel Salahuddin
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Effects on Transistors
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Effects on Transistors

The NC-FET has better:
On-characteristics (higher g,)
Off-state characteristics
(ferroelectric behaviuour)

Here not below 60mV/dec
Others have demonstrated
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Reduced annealing temperature for ferroelectric
HZO on InAs with enhanced polarization
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