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Non-deal capacitor w/ a “metal’ electrode
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Normal FET w/ semi-conductor channel
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Field effect transistor w/ a “metal’ channel
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Insulating SrTiOs single crystal
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SrTiOs Is an interesting matenal
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Sheet carrier density of SrTiOs3
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Comparison to Hall effects
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Vi, = 1.88V
Cins = 0.28 uF /em”
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cannot be larger than C%°V,, /e?

ideal insulator
No screening

Gate Metal

Csub .

n 0

=z AIST isaocaius@gmail.com http://staff.aist.go.jp/i.inoue/
Isao H. Inoue, Invited Talk @ SPICE Workshop, Mainz, Germany 2 July 2015




cannot be larger than C%°V,, /e?

ideal metal ideal insulator
—— perfectscreening  * ° ° no screening
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cannot be larger than C%°V,, /e?

ideal metal ideal insulator
—— perfectscreening  * ° ° no screening
a e e o RS A SNRNN S S S oS o
CSUb m . o o -
for d — o0

maximum!?
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no can be larger than C3°V, /e

ideal metal ideal insulator
perfectscreening  * ° ° no screening

(sub <O OO e

negative capacitance for d — oo
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Negative capacitance !?
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HfO. / Parylene bilayer gate insulator

Gate metal

20nm HO,

S onm Parylene
SrTiO3 channel
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HfO. / Parylene bilayer gate insulator

| HfO:(e=215) |
' Parylene-C (£=2.7) |

Isao Inoue and Hisashi Shima,
Japan Patent Number: 5522688, Date of Patent: 18th April,. 2014
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https://dl.dropboxusercontent.com/u/51370691/Patents/JP_5522688%E7%89%B9%E8%A8%B1%E8%A8%BC.pdf

STEM-EDS mapping

HfO-2

parylene

Al
= SrTiOg
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Capacitance of the gate insulator
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FET characteristics
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_ Therefore

Small S means CSTO — 0
very clean channel !!

170 mV /dec =|60

Very small sub-threshold swing
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subthreshold

A possible scenario of gatlng SrT|O3

region
10A- i
< 1nA-
1pA - 5
5 5 0.28 uF /em” 0.50 uF /cm”
=1 ! U U
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subthreshold metallic

A possible scenario of gatlng SrT|03

region reglon
THA-
L 1TnA-
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A possible scenario of gatlng SrT|03

subthreshold metallic exotic metal
region reglon region
THA-
< 1nA-
1pA-

C3 (uFfem?)

1/CE

\ 4

cmsv, _vayje  Canbeexplained?  negative !

{ big deviation
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Negative C i |n LaAIO3/SrT|03

|||||||||| ] j

f=14.231 Hz

Negative C (negative charge
compressibility) is not a
strange phenomenon.

—— f=5Hz "

—— f=7Hz
—— f=8Hz
There have been many “]
reports in literature so far. Device - _ F=7.134 Hz
12 u.c. LAO/STO | Device 2
7 [ 10 u.c. LAO/STO ]
Even SrTiOs shows it in the 0 0 0 % 5 0 o 1 15
y no (x10%cm™?) ng (x10*cm™?)

LaAlIO3/SrTiO3 interface.

Lu Li et al. Science 332, 825 (2011)

dup e
dTLD N CE,TO
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What'’s the origin of negative C?
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Only for dilute carrier density
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Lu Li et al. Science 332, 825 (2011)

e’ d —13 ~13 2
C5mo = s = —0.15x 107 ~ —-1.0 x 10" eVecm

for ng ~ 10 ecm™2
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Our carrier density is too large?!
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Other mechanisms of negative C
Rigid band shift

hwa
dp
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Correlation gap closure
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Other mechanisms of negative C
Rigid band shift
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Still our C5°| is too small !
(|e=| is too large !!

1
G0 = —3.2 x 10° cm?/F
1 du
€2 dnp
d
d“ — 51 x 10" ¥ eVem?
no
for ng ~ 10" em™2
Ap = —51eV
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1
('STO

If

would be two-order smaller

| 0
G0 = —3.2 x=+=cm”* /F
1 du
€2 dnp
1a—15
d 10
d,u — 5.1 x38=4eV cm?
no
for ng ~ 10 cm™2
—0.9
Ap ==eV
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thatis, |C7'° | would be two-order larger

CEr° = —30 puF /em”
(1 du !
-\ e? dng

— 51 x 10 " eVem?

dps

dTLD

for ng ~ 10" em™2

Ap=—0.5eV
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But this |
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° (10°cm®/F)
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Inhomogeneous channel ?
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Large enhancement is

ue to inhomogeneity!
Cgositive

Cnegative
[
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Negative C is necessary
but not enough!

We need

neqgative C + positive C inhomogeneity
to explain

the enormously large np



Evidence of the iInhomogeneity
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Very clean interface !!
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Very clean interface !! e—
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