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o A A

at-es

A7 1

2718l 9 HiEA FE Afelel 7l ulR wEA] FTE zZte WEd gE-dEHEFEA| (double-
heterostructure) s X33l w24,

= 237 UF w=A] o AR Adg(lattice constant)w 737] 95 WA S5 A} 59 AJelstal, 7]
HE-FHZ G2 e AX XJICL A WPL 7] UF BEA F U] Hox el A (quantum do
)9 e FEsiH, 37 T ale] dApde el AlElol(charge carrier)ES 1 Qh AAE S
A, =

- A7 A

Hol] 7]elste], Ay Holw st AL 1.15 eV o]Aate] #% A (emission barrier)<S 7}
A=, 1000 ' % Holx 374l oux Aese] oA W (energy state density)S Al&3dli, ZE
371 Aol 3719 olUX] AJElEL 50 meV ©]8t] o=x] M= (energy band) Wlol #1X¥+=, =R,

AT 16l delA,
g7 Hol= 37Me] oA AEiEe] ZA7te 27le] Mt AEolES AFE e, W,

g7 Aol 37h oA HHEY] 47t AT (hole)ES A8, 209 ATES A4S + de, HEdy.

Aol 3719 dyA FHES AFES AFLE & Jdor, V] Hydd gE-FHZFZ2A 7} vlo]o] 2y
A G A, A7) Holx 379 duyA HFEHELS H=2u-F (Fermi-level) ¢ &A% 22 (energetically)

A7) B = AoE shve] dAHS T e W] fste AFES FE(transport)E F A= 2-244
A¥ 7}~ (2-dimensional hole gas layer)s E&3h=, R

73 6

g 50 loiA]

W= A ZZ A} (semiconductor supperlattice)”} 7] 2-2F9 AF 71253 A7) Hojx 3hpe] dxbd Alo]o
WA = = v g

A7) WA 2AAE, A7l FHolx sl ouA FEE AFsE, FHolk 2709 %A $E(quantum well)
8 s, vze
AT 8
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BT 7 oA,

47 208 FA SEE AB-lUA FHUES, 47 WY AR-AHRTRAL vlolel s Re A,

AT 9
Aa 70 oA,

g7 Aol= 2709 ¥R FEES 47 AUA dEEe] &4 A (energetic position) S, WY tE-F
EJEAE vlelo]2uA] 2 4, AR AFold, HEd.

A7 10
A8 9ol 9ol A,

A7) Aol 2719 FAF EE] A7) ouA AHEL, 7] v8d dE-SHZ A 9 nlojojx At
g;gﬂggiﬁ,ﬁiﬂ]ma@:wh,jﬂgahwl%ﬂ@ﬂ*7lﬂﬁﬂ*wﬂOﬂm4®w¥¥ﬂmﬁw%
A, Wry.

A3 11

A 109 Ao A,

- 27 HA<L(erase voltage)S A7l WA GE-FEHZF2A A7g] 28], F% Ed¥(resonance
tunneling)ol|l 71%38}e] HFEo] 7] WA ZAAE 5 7] Holx e Ao ZRE HEYS &

AF
(o] gul
RS, 7] Holw o] P SwEe] A7) AUA FehEel FP(alig)B & U, %
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FEES] 7] duA dige] BAA (nismatch)dh,

AT 12

AT 119 glo] A,

A7) 2=z AE TtaEe A7) WEEY AAEY EWA~E(field effect transistor)e] F-Hojm, A7) A
AR ERA2E Y] AOE HFL zgte] Ar] MY HE-FHIFTRAZ A7 F AEF 3=, HZy

A7 13
-3k 120 Qo1 A,

r OlE A=z 3] Wy dE-sEHIZ A
Alol 1 WX =, A7) S 4] W3 o1 A7) o WA FRTE o 2 W
=7 (band gap)<S Zte, WRE.
A7 14
A3 1390 9lef A,
A7) WBEE, A7) S0 D aEE A7) R wEA & Alole] AW (interface)dll e AE WME B

A3} (characterize) ¥ =, wXE.

i

(conduction band discontinuity)el 2]3f
3TF 15

4T3 1340 2lol A,

- 7] AAET ERQA2E] AolE F(contact)> 2F F = (ohmic contact)o]w, B

Fee n-=FHE, Wy,

|
ox
~
ofy

AT 16
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A3 130 QloiA,
7] AAETN EWA2=E Y Ao

&L 2E7] Z(Schottky contact)Ql, &g,

1m

A7 17

AT 1ol oA,

71 Ui rEA T R A7) 2709 9F REA] TS Zb7] Ga(As, Sh) B O(Al, Ga)As, ¥ ZH7] Ga(As, Sb)
2 GaPE A=, vRe.

3A7+% 18

AT 19 A,

g7 W A o] A7) FAREC] arH AR ofdlol(regular array)® WA =, HiLe].

Higlgo] B3 AewA, Bt} FAHeRr v wieEd] #d Aot

R g e P52 A W vFEA(1] € 54 dAY M2~ W= ORADS A5 2 Ul
[2]9] o]HES AT Aotk o3 Wiy /HFdES A thekAdo], FeRAM, MRAM, PCRAM, S[313 22
Aoldt AW ES Abgdte] Ak o] ghth. M3F7]Wk(chargebased) WEEEC] Wdte] 7 593 JIAE
= 37t MRy FRERA A7]-F2 3 (self-organized) FAFHE (quantum dots @ QDs)ol]l 7]Z3F= Ao
[II-V QD FxAEo dg vz FFo], FgHoR[4-6] T 7oz Adqse i 2ELXH
(storage)[7-9] & 3shubell 7|x3ste], A=A

wige y§
st FHA]

Howgo] BEAO y1d 7] @ A A7 ¥ =2 AT A 10 A# A
el

o
2
ot
ol
ok
rle
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!
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i
2
ol
ol
ol
rir

A9 #§E +

wowe] AAds 279 9
(11008 ¥gtahe vzao pa 7;
SRR EEEES N EEE

A I e 2 &
Atk 7] AoE shhel FARE A AelEe 1 el AT 4 Ak, AX WA sk, Aol
3

shube]l FAH S 1.15 eV o)Ate] W AW (emission barrier)S 7FAW, 1000 nn @ Zo]% 370¢] dlux] A+
HE9 ofux] A W% (energy state density) S A|&stil, BE A7) Folx 3719 oA AEHE(186)E 50
meV ©]&}e] o= W= (band) el X €T},

2 g A, 7] Aox 379 ouA] FEHIEY 47 2719 dst Ao ES ARG = .

A7) Aoz 3709 oA AESe e uEAE A AT (hole)SS AREH, 2719 HATES AFAT 4 9l
}. ‘rLJ— 1 AF(confined hole)E< oUx HHEL AL duUx HHERY © 7
A(spaced) ¥ ™, welr 259 oA EE(energy distribution)el] #ate] AREC] Bt ¢ S 7)o

o

HWEE Holt), o]gt o] AFE JduUA HHES AAEY oduyA AHERT @49 A A (unit volume)d
o 2o 7HF/1°% 55 AT 5 3 ozl AH (i) o B2 o AFHE A eES Add HHo

uhgrA gk AAjdo] mEw 7] Aol 3749 oluA] FEE, WEE HE-sEHZ T 2A7E vpolojau A ¢
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[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

& A9, HE2v-=9Y(Fermi-level) 9ol &A% o 2 (energetically) 93

W == vt s A Hoje s dAES
7}2%(hole gas layer)< ¥3§+sht},

=
o

ofj
2

EE RS st ABES £HT 5 AL 249 4F

o mtEAE AA o] wEd, wEA 2A A} (supperlattice)7F A7) 2-3H AF TtAZ3 A7) Holx dhte

A7) WA 2AAE, 7] Aol shiel oluA FEE ATsHe, Aolw 2709 P4 $E(quantun vell)
S g 5 dn
24 P FRES AT-UA FUEE, WPE R-AHZTEA} vholo 254 ge A%, A2r-E9)

229 oA A5 A 9 X (energetic position)ES, WHE HE-FEHETFZA 7}
vfo]o) ~u]2] ke AS-, upEAEA AR AFolstitt.

Aol 2709 A EE9] duA FHE2 v, HdE dE-sHIZF2Ae] 9F nlojojx HS
A7rgo =z, Ao diste] gl HAx o] FAAEL AuA FEHIEdd dste] HAZE(shift)d F

2A AGS MygE gE-slHZF2Ad A7kl o3, F% Ed® (resonance tunneling)dll 71x3to] HFE
o] M= 2AAE Fd Holk st YAHZRE EHEHT F JESF, Holk 2/ ¢ $EEY Y
2 dEHEe] Ad(align)® F AT, vlo]oaER] &2 AHA, Hox 2719 A FEE dux das
o] BdA|(mismatch)& = Jon, FFE T €YYol ,

B7bsaA 2 4 vk olgldk Aol E o] &3t
Ast7] Siste] w22 A Hdshke] o

A% A3 (storage situation) SEHE 27 Ado
=2 UFAE A2

A7)l obF okiuk Z7hs v, ol viwel Ale

s

-2 AY 7taFe YR AAFI EWA2E(field effect transistor)e] AHL F dov, A7) AA
a7 EWX2EH AolE AT el v¥HE HE-SIHZETRAZ JA7FE 4 JEF S

Z7r%(intermediate layer)o] AA&Y EWA 2B AolE ATy WPHE fE-FEH R Alolo] wjA] =
o, 7] S5 Agd Eﬁ%—;]Eﬂi:ﬁZ‘Jﬂ«] 1deh - WA ZHTE o 22 ME7Y(bandgap)S ZEETh.

AE W= EAZLA(conduction band discontinuity)e F3FE3 QI oF wlA] = Apo]eo] AW
=R
E

(interface)dll HA=E & U}, o]Hd A= M= EAHHL, ~FE| 22 A b vlolo =" wf, %
250 MEE HE- ?ﬂlEﬂiﬁlZZﬂoﬂ @b A & = Q.

AAEY EWX 2 AolE HZEz(contact)S 29 HZ=(ohmic contact)d I dow, T7HES n-=3E
Atk

etz oz AA G EAX 2O AoE HEL AEJ] HZE(Schottky contact)d 4= Ut}.

A F 2 2o 98 veA 2 Z17] GalAs, Sb) 2 (Al, Ga)ds, T+ Z17] Ga(As, Sb) ¥ GaP=Z
o

Y& A S AP ES ol ol(array) E HiXE 4 Q).

1S B owge] wE vzl A 1 AAE ZAF

&= 2% = 19 A (a) A%, (b) 719, (¢) &7 252 A dAlE =A%,
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32, Z47] (a) 50 KollAle] 3|22 Al 2= (hysteresis), B (b) =9 AlZH(sweep time) 1 F 100 msol tigh
3] ~H2lAl 22 22 (opening) 9] &% A (temperature dependence)S XA ST

T 4% 50 kellA, (a) 0V, (b) 0.4V, ¥ (c) 0.7 Vo] A HtollAe] =& HF EWME(transient) ES
TEAIBY, of7]ol A A E(inset) &2 T AL 71dA W= Z 2yl (valence band profile) &S
EAg)

L 58 Ha AP g&EseE (a) 719 AE 2 (b)) &A AES B=AET,

T 68 uloloj Ay x] oFe AbEje], B oulwo] wlE wRe] o] A 2 AA S EAF

T 72 7Y 57 sk Al 2 HAAAE =AY

% 82 &A &7 st Al 2 HAAAE =AY

b1

112 g A5 ALsEd tad @47 A% AtESs =A%,

ggs YA ek FAF Y&

2oy e] v e AAld o] AEH EHES Fxete] HAoR osd zlolm, FUAY EE He §
HES EHEY 24X Y AR5 g AAJHETE. B FAA o] dutH oz Ay upel o], Uy
o] W2 Welol A Wsld ¢ k= 3o folsiAl olsiE Zleolth. wEhA, B @i dAAQl AA A5
gt oo dAs A, AT ukep o], B I WHYE AgstaA) sk o %) ofyy, WX B o
o] etk AAGES hES Ho)

olgtallA] A= HAAdES AFEY AFE 7FeA sk 1I-V FAHE 7122 5 Uoh. 43 A2
479 (scalability) ¥ A A7ty #Aste] e o]HES ATt QD W] F5H (confined) HFES
X #AMEL a5 1 & F& A (effective mass)oll 7120&te] AxE2 oyx dERY © 7174
olA¥t}, wabd, AAEHT Fol% 10vj(one order of magnitude) B& AFEo] FoJ 23| (volume) ol
AgE = du. B3, Ae-74% F3-11 A28 (hole-confining type-II system)E (]S £0°], GaSb/AlGaAs
QE)L, H3AA Wy tiste] 712 A2 (prerequisite)Ql, A-2olAe] 10 o]ae] AH A7HE 2
3he & AY F43} dlYX](hole localization energy)ES A3t}

=43 UAE 2 2o wE QDO whe ArEl(ground state)o] T&E HEFES WE A (emission barrie
r)E°] Zelg I11-V QDEel diste] = 11eA 2okt [10]. €4 &43t H=9 +5 dolE WA 2 (common
rate equation)oll 23] FE = wle} Zo], A AZFS F43} oUX| e AFHo R FESE AL UERATH
oF 50 meVe] =43t AU Frbel diske] AR AR 108IREE FURekh. Ga(As, Sb)/(Al, Ga)As
Ga(As, Sb)/GaPel 7]z wlEeEo] 10 oo A7 Algle] Edale zlo] &1E = T},

Eoagel dAHel Al 1 AN AXE oAl AFES F4 Aol ERA A& Inds/Gads QDo w2
olth. BUHHS fdte], gEHor A= A4 AdE] A T obdel u| = (embedded) 2D HE 7k
(2D hole gas : 2DHG)S <& GhAETH. A%, 7190, % &7 PSS A (static) B AR Z(tine-
resolved measurement)Eo] A-&-7]4k QD-wl 2] N3] A& 7FsA(feasibility) S 4534},

= 19) A9l A HGel sl B Inds/Gaks (D F& ZE PH-$2 Wx =B (quanturel |
modulation doped) HA-E3} EdAxHZ FHAT. F FEA A whee] = lo] =AHe] gtk W
A1 un AL =FEA 2 Gads BN T(10)0] =BHA @ Gads 71¥(15) ol 3 FETE. 2DGHE 40 m
o) pEBH(P=2¢10" cn ) Gahs F(20), 7 mm A EBEHA @ Gads 230 (spacer) F(25), % 8 m
FAO IngosGaprsAs FA F-E(30)2 FAATE. AHNA, 20 el Gads F(35)°] F2HAeH, T InAs QD
Z(40)(o}5 A A (nominally) ~1.8 ML)o] Fo]o] Hu}. vxlwtoz  FzAE= 180 mme =FH A e GaAs
(cap)(45)el <3 4=},

ez t2A= 884 %2 o)A (chemical wet etching) (% 1(b)E He})S AL&3+6] 3104460 pm o)

9(active area)= 7FA3 & vl(Hall bar)E W= ZZ A EC}.

]
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e 2 =0 JAE(50, 55)2 2DHG ofglel ¥ HHFEES ¥yl st 400 TeolA 3EE od=
(anneal ) ¥ &= Ni/Zn/Au 55 AFgsle] %3 (metallize)E . AlC]E(65)+= £ET] Zqi(Schottky contac
t)e 24 Ni/Auol 9ls] FAHET. AlolE A= (70)049 & FAHEL 77 koA 4] 8*10 Cmiz 24350
o /Vse] Aak Aelol ME D o] %A (mobility)S 2T},

T 2& 39 WEEY sFE A%, 7Y, 2 A g FE2A9] PR W= (valence band)E NEH o R
ZAgEE, AR (= 2(a))olA, QDE He] EE2 43 A9l(binding potential)&= =842 "1"S A&s}
2~|° B

7] 98te] a7tE e WE AHE e =83Q0 "0"(Holde DEEA AYHE)E 4GSt 93t
(capture) g9 o] a3, ol LEY] 2 M=-wY (band-bending)el 2Jal FJH .

2709 =ElA s BR g A Ak EY #E 9 x8 TmAsE o AgtEvt. 7xA del
3

A, wE 2 ¥3 AWEe 4z d xY98 Y™ (thermally assisted tunneling)o] WA % 4 T2 A2E
H X 52 Y zo|(F, 4% olyx] H ¥ AY zo]), 2%, P A7

ol o]E3ht}, S 23k WIAE B (negative) Hlo]ojarl Aol Ed

-] o FAW xY WS 4Hs] AAGH, vz ol2s & 7Y Altte]l AddE 4 o
kA, QD-wliE] Jhde, 71 &2 &< A9 0(zero) o2 A= 3
ZHA9 Si0, FHES dHES AL, V1Y Al DRAMES] 719 ARk fAkee, Ao B Folx=
A% 7hsstet.

ARE A7) fsted (= 2(c)), HYE WEo] HASIES 317] $l5t9 EAE]E(positive) HIo]ojAE A7}gH
o o3, QDEC] fAAeA ] 7ol Frtenh. A A ¥ (read-out)> QD 2 obef ] 2DHGE F3l ©]
Folxitk. Qe Wl AE AEelES 2DHG o] olsAd B MHI MEE FAAYAL, ol ECl HAFE

(occupied) W 2DHGS] © & HEE(conductance)E 7FA-&Th. 2DHGO] ML o] QDE W A4HE HIFE

o] JEFES FAbely] flate], =49 MR/ I ol AlelE HSE Verk 100 mve] gE =@Ql-4

ol AU},
% 3(a)E 50 K¢ &xoA =AHHA 3| ~H A A(hysteresis) S EASCE. &4 Aol 10 ms Aol =4 F
2(Ve=-1 VE A, ol ) AHIES H2n A9 doz HAZES:, o552 2HGEHHY HITEZ F
At e 2(b)E W),

l~>
i)

A
i

it

4

olAl Alo]E %ol 1.5 Ve ¢4 v, =< MF= 2DHGZF oF 1.1 VellAl X 2 Z(pinch off)E wW7bA 2
2Rk o 29(down sweep) &RF, 29 AlZke] bE W] AE A ARG FE A, dES HTE A
£ frAg

Ve=1.5 VellA, QD BejE #A=n =4nn 24 o Jeom (i 2(c)8 Beh), He &2 Wss Wddn.

I (distinct hysteresis opening)e =3l
s el AdE BFE 2HGe HERE o) 4P

FA9 DL F& 2F T4 (Coulomb scattering center)S2A F23lH, 2DHGE] o]&AS #AANT
T3, 7Fa HAS ALgEE, QDE WY AFTES 4% (transfer)o] 2DHG We] Aglo] Mo AAE %3
o= Zlo] oFHnt. o srolxl st 7H\’4°ﬁ A 9 gad ol = ‘:}7} = i*d e AEEE FFAaAT]
o, A =Y (up sweep)oll HlEt] o @2 AF Eo]X(current trace)E ZITTE ¢ 2ol thste] A 3
ZH A& 93zo] 27)e] Aolgh A~ ’\]ﬂroﬂ ek o] FFEHN = 3(b)ol ’:’\] Hoh 1 mse] &9 Azt
£ AHESHH, S| EA A 22 20 Kol A 32%=F-E 85 Koll A 7o) 002 "HojXith. 317 (descent)> S7F
ste =X 3 'Y HdaEHE dak Aol A Altel] glo] 23le] 7l (origin)& 7HAH, =, o w2
cX2E5oA o B AETEe] o 29 sk HEdn

FaEd [7]914 9 @l (deep level)Eol 71918 112 w22 &7 (high temperature memory effect)”} 73]
g InAs QD-TF&A o tiste] RaErt. of7|oA], oyt i WEE FHES] Ao | HHWEC] ofYe} AL
A QpEol WEY FRERAN FZdGE AL FHIAY. o)y AEE, 1 msY =Y Aol thste] 85 Kol
o

SlEl B Al 220 Aol wElA, QD AF vle AElel] tiste] 90 kel A 52 € W& A|A S (time constant)”}
g, o @ EWAXHE EGSH(spectroscopy) ol 213+ A InAs/GaAs QDEZHF-E Q] AF WEo gk o|4d

P
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[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

o ZAbEC oe FdEn. o = o A9 Eeh E el A%E ¥ e AeSol WEHY] wid,
O~

100 ms9] =9 AJ7FE 1 msoll H|3}e] 3] ~H| A

b A S2EleA s exde] B 2 (D WEE W/EE B () FES Ao dZHc. -vwe
o EZEEY (prototype)®] MEE] Baol, Hzol AFHUAL EE Wlempty) Ws ol F3kol, Foldt A%
A 5ol 93 }

HE Vool el =2l Aie] A& SA5 o8] A"t DES, 44 -0.8 EE 2 Vo ACE H4Y

& hge RN SAEAY Ee P

A "1 EE "0 ol#dk x7|s £, AlC]E Fgte] A Hetew F43] WgEn, =l AR A
7re] M SAH

T 4% 3M9] Aolgt A% AYE(0, 0.4, F 0.7 V)l tgk 50 Ko Ao] ERHEESS EAIST. Athe] ERA
Ex HZxo W QE W29 A¥ xS vy, o= 2D AEEe #HaE Zdsta, wekd, =9 A
Fo] ZAE . sty EWHELE odd] ARE WEY AT HES JEY, e, =dd ARTL
33 AHl(equilibrium state)7kA] F7F3tch, 0 VERE 0.4 V & F71H o2 0.7 V7R 9] A #ste] wWsl=
B g9E(% 4(a)-4(c))E 23 2E

HEE, EAYL A4 AGS FEA

4(a)-4(c)8 &3 379 A AgEel g 7HAA W= zzadse] =AE
T5E AeEe & dEhlH, dAEv] =9 ol el (el wste]) e
) HEe] b A (correlate) |t W & EXHE A Ay #H 2]
s, webd, o B2 geEol WEHIL, ¢ A2 Aesol £8HY, waA Ar]Ee]

M & ro

AgeEe] A% (prolongation) HF, o|lo] S7hd 8 9 WE A Fol(f= 49 E)E ZU Tl wel,

dan #£9 Azes By,

Muel FEAS 719 R £A AFEel UG /Y L&A ARES A Astel, AgFEe] A9E
kel AR QEZFE] WE EE QF U2 £I& 97T 5 S sk Pye] AgHT. AsHom
10 ns7H gasE Bs BER 71Q/EA BAES AZM F, 0.4 Vel AF AR A F2u A2 oy
of ZAH. WES Yoo /P vhstel B Fol YT #2 W, FiuA s oxge] add V)
/2 AJYEE B2 FozA Aels, o7l A Fu AL exYe A ge) 50h2 "ol

ofy
ke
et
o)
)
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oy
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P
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