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Sample growth

Jon lhlefeld

rf magnetron sputtering

growth parameters:
30W, 20 mTorr
5:1 for Ar:0O,

Substrate Temp: 700 or 750 °C
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XRD and TEM characterizations
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XRD reciprocal-space analysis

Qy*10000(1u) | Steve Lee
Y %
| 00 | i
S Ve Sample 021815A
L2). R LSMO/ZnO on LAO
ov® sé

32500 @\_/] A (002) LAO:
0 ‘ 2theta=47.985°
O Q,=3.3171 (1/A)

| S

32000 N R (002) LSMO:

5\ N 2theta=46.368°
0 $ Q,=3.2099 (1/A)
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31500

The broad LSMO peak shape reflects
the presence of both misfit

< @ ' dislocations and the quasi-periodic
° columnar holes in the epilayer (filled
31000 ' 0—'[]0\7 Q @)0 6 W|th ZnO) .
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Substrates: STO(SrTiO,) vs LAO(LaAlO,)

(@) @p pulk < Ap substrate (b) @p pulk > @p substrate

1

SRS p—— |

t

Figure 12. Schematic drafts of the lattice cell distortion in a strained
epltaxml film (a) under tension or (b) compression. Note the chanoe
in the out-plane parameter corresponding to each stress sate.

P 0 A P

TOPICAL REVIEW

CMR manganites: physics, thin films and
devices
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Substrate matters

EDS mapping:
Sample C: 750C, STO substrate

646 80
HAADF MAG: 225kx HV: 200kV

646 80
HAADF MAG: 225k HV: 200kV HAADF MAG: 225kx HV: 200kV

646 80
HAADF MAG: 225kox HV: 200kV
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EDS mapping:

Sample D: 750C, LAO substrate

646 81
HAADF MAG: 225kx HV: 200kV

Sr

646 81
HAADF MAG: 225kx HV: 200kV HAADF MAG: 225kx HV: 200kV

L AO substrate
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700C, STO substrate

R
*

i a

As

b 4h8
BARAA BRSNS

#

.

4 ad
SR m s
L R L L
L L

T
A Asa

T T sy e YT YY YTy

FEAL &WS

EEY Y

-
-
-

SR bR ARAEE e

vwuea
e
S5
asuwa
ses 0w
Tesemana s
B e Bt

#
%
-
]
*
-
-
.
-

LR RN N F N

B8 A4 BARALAELEAN
BE A
B b eannen
LRy T

.
*
-
A
-
*

AL A EA S
e

. g .

T
fEAN R AR REN

oA

. a

TR

AL I T R s v Yy

STAseTdans

YT T

e
P
-
ARAS IS BAERE AL AL v 2

.
>
¥
+
f &
o
b
+
o)
+
-
=
-

i
SES iy

BAAA A

r T

saw e
sameay

PR

DRk A AR AR DA SRR S
A ha
h

Y
-“A

P

“hAm

PR

. h A

B I i
Wesiwn e h .

e AL L
et L L R L R

e AL L L T
SNNCNTd s s A e
A L LR R L LR o
SeStNSd s s st et
SASeIstddcadssae
TSsdssddas's'seses
SRS dddddadadaas
ROV T s ddqaddiy's
CRAddC Tt st
WA LT
e B R

m

R
B AR R
de s mm AL ONANE

Y T T R

AAARARE B AR BASS S

%
-

SRR A ARRR SRR AR AR

"

-
-

e T

.
.
-
-

=

.

BAAARA

Yedden s

NEASSARAS




SRS NSE RARE A

|1"g|llii0|n1-

l-‘!f“‘p—-d-movw‘ . ".“"&"
lca:aorsaccca-«cum-*--.¢aw.iﬁﬁp-#31r€fa-
et T PSR 0 B 2 g
ey Rt R R S T N S
CERP S AP AR cmr i r R s SRSl A &

s ———

“‘""‘&"""‘*“

'm.‘...u_..a---‘tav*--cawupm‘uuv-—m.- -
A o e T e i e e e e

- - cm‘m--&‘-tafﬂ-‘-'uwﬂ«-ﬁm

“wmw el S e e 5 s
fEsmuw an- 0 Al A o - . il A A e e S
:::_:-’ A e i e A o A . o i i

-

o LA F i g - - -
---lfiﬂiiivaao*ﬁ*-ﬁ-c-»w-aa-.m'iicﬁaﬁid--‘---4~::g-¢4:
“""‘G‘j‘-#‘ﬂiﬁv"ﬁ‘-‘ﬂ.d—v 'D-‘&'ﬂﬂgi-’;'tﬂﬂ--&a‘-&",,"‘.
.t-&“i‘sm*"wdmﬂotﬁl f.iﬁ“wri*;i#-ii e e e

e owoww

-

- s =
Ll it
W

-
B e o e s L
FFF S R B E S ikl a W 1 5 i

-
i d e m =~ a.,¢----vst-"§

‘Q.P'l."ujl-v-mﬂ‘-" .
R — A
e T

- i - P

w o o e T 5 ”f “’f
. R et s FES
s R T 2 v‘}“i‘f’f"?

o E W

- - e .

Rl T

S— - W W cER PR AT G B FFA T F

e FRNBF A RIS J A S FFS f{ff

-n-q.saalbg&t‘b!‘b"’!‘# P e o
»-na;a--n«csuq.t‘p:afﬂi»o'u.' -ﬁfi-'j

- - - - = ‘»c-O-.---iD'r‘wQ...':“‘.4:‘4;.-"',1?
B e T, o LR - R R R T S PR S L
- - -~--t--sui4%-;r¢a»)-¢-f(:-'nf v
. =----.‘..--- o L R P =
- - “'.‘\.--“".Q-.}allrt‘f‘-vg.-‘-dif)‘{}"’;
-~ ‘>tq»-nlq-c.’.‘ﬂ."."f»ﬂn - oo
-rrt--;..;..u'uapp«,' i U O AN) i
. N T A s s RN WA maie e, Rl eial
A sl dle e o
- A il T
- ‘.‘r'lnau.s CE X 3 K]
¥ r ;
Sl -
s A o - - -
WA b oo
Ca i
B e P T idwa
5 L
e -
e
.
i

The pillar orientation is different!

On STO, the pillars are in different orientation!
On LAO, same orientation (in different variant due to the symmetry).
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-
- kkas
“ hEsw
FRE
ST
e
E BB we

cEm

’
AR
A A RERA RN
IR R AR
EF R R AR
LR R
AL RN
LR

#ErN
e
e
N W
v
W

¥
"
"
.
4

e
AR R AR R
LR R B B .
.
ww'y
we'n'w
_—

LR R AR

LA RS R R LR
*
AR W
R
AL RN
RAR LA R R A

AR A AN AN R R A
w'ny

fFey
R Al A AR

TR LA A A AR ARERERE EE R AR

‘q.|Ql'..‘..!."“.?.!“."!i!DIIIi‘l{
HE R RR

SRR ERARNERED

Fremn
e
e



ATORY DIRECTED RESEARCH K DEVELCPMENT

0.5+
0.4
0.3 —
021
011

0.0

I (mA)

-0.1
-0.2 H
-0.3 1

-0.4

Transport characterizations

— 700C on STO T =300k

—— 750C on STO

resistance ~ 25 kQ

resistance ~ 33 kQ

I (uA)

-0.2 4

-0.4 4

-0.6

0.6

0.4 H

0.2 H

0.0

—— 700C on STO
—— 750C on STO
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Wei Pan

T=77K

resistance ~ 200MQ

N\

\

resistance ~ 4 GQ

T T
-100 -50 0

v I
50 100

1) For LSMO:ZnO on STO substrate, resistance is lower at high growth

temperature.
2) At room temperature, resistance at two growth temperatures differs by a factor of
less than 2. at 77K, the ratio is 20.

13
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——— 700C on LAO T=77K
0.4 - —— 750C on LAO

resistance ~ 160 MQ

0z .

I (uA)

|

resistance ~ 400MQ

0.0 1

-0.2 -

-0.4 -

-60 -40 -20 0 20 40 60
vV, (V)

1) For LSMO:ZnO on LAO substrate, resistance is lower at lower
growth temperature.
2) At 77K, the ratio is 2.5. 14
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10000 L T T T T T T T T T T
1000 _ sample: 021615A _
: B=0 : :
_ : Resistance shows
100 | 3 activated behavior
E? 10 | 3 R oc exp(-A/2kgT).
e ]
L A ~ 190meV
0-1F energy gap A=2210K ~ 190 meV 3
0.01 | | L | L | L | L | L | L |

0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016
1T (K™Y
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Giant magneto-resistance (GMR)

204 sample: 021615A
T=70K
10
5@ 04
——B=5T
— B=4T
10 - — B=3T
— B=2T
— B=1T
20 - ——B=0T
T ' ! '
10 5 0 5 10
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40
30 - sample: 021615A
T =200K
20 -
10
<
97
10 —— B=5Tesla
—— B=3T
20+ -~ B=2T
—B=1T
301 ——B=0T
-40 T T T T |
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|.I | | | ! | ! |
0 L] O O m 200K
H | §
100 k- H _
— B
D )
o -200 | .
= 100K
) . 1
@ -300 |- .
’I'clf
@ 400 | .
d . _
X -500 .
@
= sample: 021615A T
600 | N
_700 ] 1 ] 1 ] 1 | 1 | 1 ! 70K
0 1 2 3 4 5

magnetic field (B) [T]

This sample shows a strong negative magneto-resistance at low
temperatures, reaching ™~ 700% at B = 5T at T = 70K.
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Origin of GMR?

ZnO nanopillars must play an import role!

35 3 1000
30 [ . .
: La, 7SIy 33MNO; single-phase film on LAO
25 | —_
il {100
5] 20 _ ]
G : G
E 15 — E Evolution of strain-dependent transport properties in ultrathin La 0.67 Sr 0.33 MnO 3
— - 10 ~ films
Q. 10 :— Q. H. L. Ju, Kannan M. Krishnan, and D. Lederman
;_ 500 A Citation: Journal of Applied Physics 83, 7073 (1998); doi: 10.1063/1.367864
B B EEE———
1
0 100 150 200 250 300 390
T (K)

cases, for r=500 A a metallic behavior with a room tem-
perature resistivity of ~2 m{) cm, along with a large MR
effect near and above room temperature, but with insignifi-
cant MR at low temperature, 1S observed. (1 Tesla)
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* film/substrate crystal orientation:

> LSMO[001]//LAO[001], LSMO[010]//LAO[010]

» ZnO[110]//LAO[001], ZNO[001]//LAO[110]
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