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FeERAM (FREFEHAATEY))

 Gate dielectric in conventional FET is replaced with ferroelectrics
 Spontaneous polarization Ps retains if gate voltage Vs Is off

=> A EFATE!)

Ferroelectric gate f lps
|

Drain VDS source

semiconductor

Memory state “0”

N-type semi.

—P, induces positive charge at the insulator-
semiconductor interface, but n-type semi does
not induce mobile carriers

=> FET is “Off” state

Suica ﬁ

Memory state “1”

N-type semi.

+P, induces negative charge at the insulator-
semiconductor interface, so n-type semi
induces mobile celectron arriers

=> FET is “On” state
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Schrodinger 53X
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Kronig-Penney T JLIZL B —RITT/\VREHE
Kronig_penney.py

Usage: python kronig_penney.py

Usagel: python kronig_penney.py (graph a bwidth bpot k Emin Emax nE)

Usage2: python kronig_penney.py (band a bwidth bpot nG kmin kmax nk)

Usage3: python kronig_penney.py (wf a bwidth bpot kw iLevel xwmin xwmax nxw)

247411 : python kronig_penney.py graph 5.4064 0.5 10.0 0.0 0.0 9.5 51
HFEL 54064 A, RT¥)LEE 0.5 A, & 10.0eV
k=0.0 [ZDULNT?OKronig-Penney AR DFEHRZEAZ E=0.0 ~ 9.5eV DEHZF
519EILTFavk, A=0 DEABEEFEIRILFT—,

2474512 : python kronig_penney.py band 5.4064 0.5 10.0 -0.5 0.5 21
HFEH 54064 A, RT¥)UIE 0.5 A, & 10.0eV
k=[-0.50.5] Q&EHEZE21HBIL T/\UFEEETOVE,

217413 : python kronig_penney.py wf 5.4064 0.5 10.0 0.0 0 0.0 16.2192 101
BFEE 54064 A, IRTI¥ILIE 0.5 A, B 10.0 eV
k=0.0IZBIFTE2THhio 0 FBDELDRHEIETOVE,

REIRESIE x=0.0 ~ 162192 A % 101 HEILTFTAVLT B,


http://conf.msl.titech.ac.jp/jsap-crystal/
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BMEE

Mobility Effective mass Band gap Transition
(cm*/(V-s)] (M) (eV)
C Le = 2400 me=0. 5.47 Indirect
1y = 2100 m,=0.25
Si e = 1500 Me=0.98, m=0.19 1.12 Indirect
1y =500 Mn=0.49, my=0.16
Ge e = 3900 Me=0.82, my=1.64 0.66 Indirect
1, = 1900 my=0.28, mp=0.04
GaAs Le = 8500 m.=0.067 1.42 Direct
1y =400 m,=0.082
GaN e = 380 meg=0.19 3.36 Direct
mp=0.60
In,0O4 1. =160 Sn doped: 0.30~0.44 3.75 Indirect
SnO, e = 260 m=0.39 Eq10=3.57, Direct,
Me,=0.299, m;=0.234 Eg//C:3.93 Forbidden
ZnoO e =180 me=0.27 3.37 Direct
L1 = 150 my=0.59
Leyic = 167 Ga doped: 0.28~0.33
a-In,O; | 4, =36 3.3 Direct,
Forbidden
a-IGZO | 1,=10~21 m.=0.34(m=1) 3.2 ~2.85
a-ZnInO | 1,=30

P. 196
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W.H. Butler, X.-G. Zhang and T.C. Schulthess, Spin-dependent tunneling conductance of Fe|MgO|Fe sandwiches

Majority Density of States for Fe|MgO|Fe Minority Density of States for Fe|MgQO|Fe
1 ‘=~<; Aq(spd) ] 1F
s ammmna—
Pm_:! 10 | ] g’_)_ 105 [
L e
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5 100} Fe Fe { o5 1010}
2 w1 &
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5 10-15 | ] S 10-15 L
a ]
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-10—25 L L L I L i I L 1 I L 10-25 1 L L 1 1 L 1 1 I 1 1
2 3 4 5 6 7 8 9 1011 12 13 14 15 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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FIG. 7. Tunneling DOS for k=0 for Fe(100)|8MgO|Fe(100). The four panels show the tunneling DOS for majority (upper left)
minority (upper right). and antiparallel alignment of the moments in the two electrodes (lower panels). Additional Fe layers are included in
the lower panels to show the TDOS variation in the Fe. Each TDOS curve is labeled by the symmetry of the incident Bloch state in the left
Fe electrode.
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H. Mizuta, T. Tanoue, “The Physics and Applications of Resonant Tunnelling Diodes,” Cambridge Univ Press (1995)
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Y. Ando and A. Itoh, J. Appl. Phys. 61 (1987) 1497
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Transfer_matrix.py
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Transfer_matrix.py

Si DEFERH a =54064A m*=1.0m,
EEHE  05A [EEEES 100eV 1043

python transfer_matrix.py wf 5001 Ez
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