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The aggressive scaling of MOSFETSs has created interest in using high-mobility IlI-V channel
materials to replace traditional strained Si. However, it has been challenging to form high-k
dielectrics that can passivate lll-V surfaces with a low interface state density (Dy). We deposited
LaLuO; high-k dielectric layer by ALD on sulfur-passivated GaAs substrates. The precursors
lanthanum tris(V, N'-diisopropylformamidinate), and lutetium tris(N, N-diethylformamidinate)
reacted with water vapor at 350 °C. The compositional ratio of La:Lu was about 1:1 by using one
cycle of La,03 followed by one cycle of Lu,O3 in one complete cycle of LaLuQOj3;. Both high-
resolution XRD analysis and TEM showed that ALD LaLuO; formed epitaxially on GaAs(111)A
substrates, as shown in Figures 1 and 2, respectively. The epitaxial layer exhibited a cubic
structure with a lattice constant smaller than GaAs by 3.8%. The LaLuOj; film had a high degree
of crystalline perfection and was relaxed and not strained. Electrical characterizations showed the
measured dielectric constant of around 30, which is close to its bulk crystalline value. The
interface had a low interface state density (D) of ~7x10"" cm™eV™". The amount of lattice
mismatch can be engineered by choosing various rare-earth oxides. ALD La,O; formed cube-on-
cube epitaxy on GaAs(111)A with a lattice constant just +0.9% larger than that of the substrate.
The mismatch can be reduced to zero by adding some Y,0; to the La,O3, using yttrium tris(N,N*-
diisopropylactamidinate)/H,O cycles. Perfect zero-mismatched epitaxy was achieved on
GaAs(111)A by depositing La, 7Y(303, as shown in Figure 3. The effects of mismatch on the
electrical properties of epi-LaYO3; on GaAs(111)A were studied. These results suggest that
atomic layer epitaxy of rare-earth oxides/GaAs(111)A is a promising structure for future
generations of high-power/high-frequency analog devices or high-speed logic devices.
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Figure 1 (a) High-resolution X-ray omega-two theta scan for LaLuO; film on GaAs(111)A. (b)
and (c) The rocking curves of the LaLuO; (222) peak and the GaAs(111) peak, respectively.

Figure 2 (a) Cross-
sectional TEM of aY¥o. oy
LaLuOz/GaAs(111)A
heterostructure.

LaLuO, (b) A magnified image
of the interface.

GaAs(111)A

b Figure 3. Cross-sectional TEM of
Interface->: . La17Y0303/GaAs(111)A. The mismatch is
zero for this composition with 15% Y,03




AlsiaAlUn anpand ‘SuldaauiSul Joindwo) pue |ea14309|3 40 |0oYds (¢
Alisianiun paeasey ‘ASojoig |eaiway) pue Asisiway) jo uswipedaq (T

(1U0pPI0D ‘9 Aoy pue ‘;3A *Q 3PIad ‘(;09H SuoaAaer ‘;nX UIIAl ‘;NIT UNDIA

SunLdIAl A1V T10¢

FTIOPIO)™




"(6002) ¥0T2TC ‘v6 127 sAyd ‘|ddy ‘aA "Q ‘d pue ‘uays -1 ‘iIseqAoy ‘O ‘N "D ‘A ‘NX "IN, 'SI11103|31p
91e8 se £y paysodap-iaAe|-o1wole YUm 20epns (TTT) SYED UO SI01SISUBIY 109)49-P|3l) J01ONPUOIIWDS-IPIXO-|BIDIN, «

(anpind 3o dnoub s,a5 “foid)
L0V A1V Yyum y(TTT)sveo :8ujuuidun |ans|-jwiag

Suiuuid |9n31-1LLID4 134SOIANIN sweD ul 39 jjews :anss|
iuulia | I-1 4 = 134SOIAIN sveD ul - || I

Ajigow uoJ3d9|9 Y31y :syeo

duijeas ainin} o} Adljiqow y3iy pue 3-y3iH

UOI1BAION



€

(9002)TTTHTO ‘00T "SAyd "/ddy T ‘1113iqeje4 *g pue uosuaqoy 'r,SI01NPUODIWSS A\-||| UO SPIXO d1e3 ) Y31y Jo S13sy0 pueg,,

_zt 1z os  (Ina)ze fomel >
€2 4 9°g €T fooset
€2 4 LS Y44 *02SpD
8¢ 9'T 8'S ST folvel
€ 8'T 9 4 ‘OsH
v'e 8'T S'9 8 *0°Ilv

(A9)

A3V

suljess |03 10} syeo uo M-y3siH



m_/zm,(,, _ \z {(pwyj-Cad,)eq ueya ajnejon aiow .
v\ N 3 §(pwyy-©33)n1 4o (d1eulpiwewsofjAyaip-, N ‘N)SH} WNRAINT «
:£0°n1 @1V 40} J0sindaad ajeulpiwe |1 -

H .4,
q,
vVZ L\n__ € A ‘AT
d-NC | N HN pue 0 ‘0°H 01 Auanoeas ysiy .
s SV J0 00T 38 110LW 09
| /(L_ ig ‘umow)] punodwod e 3|11e|O0A JS0W .
\ !
H Ad PllOS ayym .

(pwyj-tad,)eq 40 (91euipiwewloyjAdosdosiip-, N ‘N)s1I wnueyjue .

:£0%e7 @1V 404 10sind2aid ajeulpiwe |LIJIA -

swilj Eonieq 4o} ssadoad Qv



O°H 40} s 1101 90°0 £(pwyj-a3)n]
40sindaud |eaw 404 s 1101 £00°0 Do 0SE-00€ D0 81T O‘HIa §(pwyy-tad,)eq

foniel 10} uonipuod ssadoud qiv

) *(Pwvy-“1d,)e
<
191ed N j “(Pwyj-33)n
s8ind N 000000000
(30 81T) UaAO (Do 0S€) 493€2H 22EUIN4
O°H( >

swilj Eonieq 4o} ssadoad Qv



9
° ° N . { . - .
.99 :onel adse ‘INTL (6002) €TO ‘T "1197 9181S-PI|OS "WAYI0.193|]
‘d1euays ‘A *@ pue ‘SUoH '@ ‘T "H ‘Uya7 "I\ "S-’ ‘UOPJOD Y ‘BUBM “[-°[ ‘BUBAN "H

[ouuey)

08€T  09€T  OvEl  0TET  O00El  08TI  09T1  OYTI
L L L 7 L L L 7 L L L 7 L L L 7 L L L 7 L L L 7 L L L

0

n e

—— =
H ~ - 01
- - S
OlLELEN - uogsed ssejo B
- S8 (wupT) fonter
S O NSO S NS S SR B 0€

S8l 08l SL'1 0L'T

(A9IN) A310ug

(28e10n00 da1s %06) Jewaojuod AlYy3iH .

(92~ M) @2ep2qul 3dnige yyum iIs uo snoydiowy .
9|(e10919p J0U N pue )«
Aisuap ¥|nqg JO %08 .
6°0:T=N1:e7

(sgy) uonisodwo) .

Q
o)
=

(i
il

*on1e1 giv jo sanadoud

PIOLA PIZI[EULION



"(0T02) 0T629T ‘L6 197 'sAyd "ddy ‘uopion "9 Aoy pue ‘a) 'g aplad
‘09H 8uoaAaer ‘nx UIA ‘ni unbip uoiisodap JaAe| olwoie Aq (T TT)sveD uo Egnie |eisAio-9|8uls jo Axellda-04919H,,

apixo

bz/(0z-""°D) S0 paulfap ,

jolquoyaoyrio jou 2iqnd :Axerids .
paxe|oy «
 %1b-~ Ydlewsiw adiqeq .

s€-22euau|

v(LiL)syeo

‘onie

(0ZZ)sveo
\ ~

7
(0v¥)*OonTe

V(TTT)sveo uo *onie] @iv jo sanuadouid



syeo 0} 3|qesedwod si Axeyida jo Ajljenb ayl

(,)©
961 0 99€l sead wyiy 3yl Jo INHMA -
0 35 Ayiwuojiun aujjjeisAiy .
S ]
0 & -
2 § 05 @ %8"€-~ YINBWSIIA
-0 < <
sesotezglo  § -oovm AOV QC—®
o 8 8 0's1 Sl 0Vl g'cl
2 (L11)sveo [05} . _. _ . _ |
(o) @ 0l O
ocYL  6Z¥l 8Z'vl (222) Q
nTe =
] 1o zez)'one 3
o @@m | Ol 5
Q) S = 7
® 001 3 =
0 Q e <
S e 2 (LLL)sveo oL
29s2Je m.wr@ ° Looz 2 S
¥ |
(gzz)fome| sjuswainseaw gyx uoiyn|osai-ysiH .

V(TTT)sveo uo Egniei-1da v jo Aljend



"(0T0Z) 0T6T9T ‘L6 1197 'sAyd "ddy ‘uopion "o Aoy pue ‘9j g aplad ‘09H SuoaAaer ‘nx UIA ‘NIT unbiy
(00T)sveD uo uonejualio jennuasajaid (0T T) yum auijjeisAAjod aiqn) .

() 0T
S 0

0. 09 0 L4 0¢ 114

(ovv)
‘one’

)

=
(Aysuajur)boj

sye
v wao:m,qmo uo‘gnie]——

ajesysqns (00L)sveo

[0TT] sixe auoz

(002) (L11)sveo

v

\

ac&

A
(zzz) fonen

sa4n1onJ3s |e1sAld Juapuadap-ajesisqns



(0]

(TT0T) L06TCT ‘86 1137 'sAYd "ddy “ ‘uopion ' Aoy pue ‘uosjlig [ pJeuoal ‘uays suidoeys ‘nij unbia ,

"(6007) 59 ‘€TT D "Way) 'sAyd ' ‘uopioD 'O "y pue ‘|eqey) ' ‘A ‘siasadue] "3 ‘s|jeH ‘A "IN ‘1ed ‘IN ‘Uomy| [y

suljeas 103 10} d|qeaisap
71 snoydiowe ou :y(TTT)sven/oniel-id3

"91eJ1sgNns JO SUl4apJO gUNnisig & UOollewio) | 91e2I|IS
(yarewsiw %81°0) IS uo snoydiowy .

T
e

_m_O_:.__m._

sa4n1onJis |eisAid quapuadap-ajelisqgng



(A9) "3-3

2Ipfi3a1ul 133139 : Y(TTT)sven/toniel

021 SL'L OLL SOTL
s s % = " ¥ =u 0 o
[ R
-—
[ (=
P ’\\\.\\\.\\ o - F om
\\b\\b\.\ | w.
L4 R
€ .C I D
v(iLsveo/Olv o | S
v(111)sveo/onte = | s
(A) seig @jeo
¢ 0 = ¢ 0 ©
X €2y Y 00€

@

3 lv n

=

S—

=

ZH L — [ zam 1 —[9 3,

ZHA 001 — ZHy 00L—| =

ZHA 0L | ZHA 0L— g
ZHy 1 — zpy 1 — ([ ARAR A vec

saljiodoud |ealu3d9)3

foflvwu g

1-\3 z2W2 1:0TxL ~ (*a) Aisuap a1eas adepu| A

suoisiadsip Aduanbauy g A u9jjeWS A

(A)seig ajeo

¢ 0 ¢ ¢ 0 =
M €2 \ ) 00€ \
ZHW 1 —| ZHN L —
ZHY 001L— | ZHy 00L— |
ZHy 0L —| ZHy 01— |
ZHY | — ZHY L —

0E~ S! JULISUOD 214}IJ|3IA £

O’lvuwug

v(TTT)sveo uo £Qfy-e 's'a foniet-id3 .



[TTT] sixe auoz

Wiy G

L}

@«mv syeo

%orv) *0°e

€z ‘(Jouobpuyaj jou) aseyd oignd .
(%8°0+) ydrewsiw 3d133e] 049z Ajieau .
V(TTT)sveo uo *0°e1Q1v .

dul193aUISUDd Ydjewsiw 3dije



€T

wuyg

iﬁ%ﬁw

...la.-.
LR B A B

S R R N R
« e w e B e @ VS 6

- 2 S0 PP B P e L N B N L
e L L YT mm—_
00-o-..;..."'...ndoooocc...-

LAA LA RS 2 L2 L AR AL AR R A RN AL R A R TR R AR R A
At A AL SR B R R R R R & A0
LA A AR S A R R A R R R AL E S LA RN L &
LE S A B L B R RN R

%9- *0°A T:0
%S°C- 0 'A'el 43
0 *0°°A“Ten T:€
%80+ “0%eT 0:T
yalewsiw O°A : to%eT
2J113eq uolyisodwo) | oneds appArgng

Do 00E® SOABT ATV »

yojew 3d133e| 199449d 198 03 suajawesed ad133e| isnfpy | A

N 9|138|OA SS9 ‘P1]OS UYM
-y
\« /\ > (pwe-tid,)A 10 (91eUIpiwerddejAdosdosiip-, NN)SII WNLUNA «
NN
T /o_\ T €0°A A1V 104 J0sindaad ajeulpiwe |BID|A »
N |gA lwr| 413 |oH|Aa | qL|pD | N3 ([ws|wd | PN | 4d | @ Wu OST'T um<mwm*N
e1 | wu Ty T= 9%

WU 790 T= £9%e

25

dul199UI3uUd Yydojewsiw adine]




yolew 32131 103449d 1y(TTT)SveD uo *0* A 'e7 .

sul199UI3Ud Yyojewsiw adijreq] .
pauuidun S| [9A9|-IWJD]
g mo| pued ysiH .
V(TTT)sven/toniel-1da jo saniadoid |e21323)9 Suisiwoid
IS uo "ydiowy .
(00T)sveo uo ‘Ajod
V(TTT)sveo uo Axeydy .
€Eonie1 @1v Jo sainyonuys Juapuadap-ajelisgns .

Alewwwng



pienseH 1e (SND) swalsAg ojeasouep 10} 193U .
10s4nd3aid A pue eq sapinouid |eaiway) moq .

10s4n234d nq paJsedaid Suepp yair-unf -iq .«

NX UIIAl PUe 34 "@ 9p1ad J0id »

siaquaw dnoug ||e pue
uop.too Aoy °Joid

SjULWRZpPajmoud|dy



'S9OIASP 9} UO pauJaiied a19M S2P0UIID|D IN 240430 Do 00Z 18 °N Ul LY :SIIIAP ||V

(n) aBeyop (A) ebejjop
£ 2z L 0 v T & L U AU S AL
-2

Z - o
]4 R p—
7 "' H
orongy, —
= g =
g 3 9 3
ZHM 00 — = ZHY 00} = ~

ZHM 0} — ZHY Q) =

(a) i (e) o —

uoineaissed 3noyim uoneaissed injjns

g

O'lvuug

uoneaissed Jnjns Jo 10947 .

sanJadoad |ed14329|3



LT

'V(TTT)sveD uo pauurdun si |and]-1wid4 [

‘(00T)sveD uo 1aysiy s1 ¥q pue pauuld Ajjenaed si [9Ad]-1wid

(A) abejjon (A) abejjon
£ T L 0 kT & ez L 0 bz ¢

¢ ¢
(@) (@)
& 3
S— —
= =
9 3 9 3
ZH 001 = > & ZH 00, — >

ZHY O} = ZHY O} =
2t L= ZHy | — [8

fonjeq wu ot

O"lvwug

(00T)sveo ‘s'AY(TTT)sveD .

san4adoud |es14329|3



