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Abstract

We investigate the effect of surface disorder on the lower critical field (Hc1) of MgB: thin films with a thickness of 850 nm,
where the disorder on the surface region is produced by the irradiation of 140 keV Co ions with the dose of 1 x 10 ions/cm?. The
thickness of the damaged region by the irradiation is around 143 nm, corresponding to ~17% of the whole thickness of the film,
thereby forming the disordered MgB: overlayer on the pure MgB: layer. The magnetic field dependence of magnetization, M(H),
for the pristine MgB: thin film and the film with overlayer is measured at various temperatures, and Hc: is determined from the
difference (AM) between the Meissner line and magnetization signal with the criterion of AM = 1072 emu. Intriguingly, the film
with the disordered overlayer shows a remarkably large Hc1(0) = 108 Oe compared to the Hc1(0) = 84 Oe of pristine film, indicating
that the disordered MgB2 overlayer on the pure MgB: layer serves to prevent the penetration of vortices into the sample. These
results provide new ideas for improving the superheating field to design high-performance superconducting radio-frequency

cavities.
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1. INTRODUCTION
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dA 2HE FF7)(superconducting cavity)9] H-$
Lol @ BE(Nb)ol 71 d e ARG H L Ql=dl, ¥ A} %
E2 YARE 59 o] f& MgBy7t A 2= 53170
AHgE ¢ ole Ao= ZIgEa ik [13]. SHAIRE MgB, 9]
A sHEAAA 7% (lower critical field, )] Hof ol&
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2 Enhancement of lower critical field of MgB; thin films through disordered MgB, overlayer

AR 1 A, SUBAE FAASE 9 32 74 MeB,
spatol A 0 Kol Ae] s aAR7 1), Ha(0), 2717 29%
(84— 108 Oe) A= Z715H& R STt MgB, Uhufo]) 245}
99 52 FHT B9 BeLH ARG R ARk 2o
S QA gl G4 E 4 rke B ATk, 24
/)Wt ope} nho] 225t o] §4 2UE A (device)
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2. EXPERIMENTAL METHODS

A= TFHHPCVD)HE o8ste] 502 4%
gt 1 ZA o] MgB, ¥rahe A zFstict [19, 20]. MgB, ke
c—cut Atato]oj(ALOy) 71 floll F2stalen, A&tE
ko] L= 850 nm (MB850nm)olth. MgB, Hhate]
T FAASHE MgB, 32 4417171 14, vz
140 keVE o]g3to 1 x 10" 7H/cm?e] FHLE o]2&
ZARSI). o]2XAHE Aol ARt A=UAE AT
Szt A G Qe FE5olR Wl RAPEA|E o]85to
P 140 keV oAz FILE oS Wk 257
g/em’E 7HAE MgBoll A 4% A== 749
&= SRIM (The Stopping and Range of Tons in Matter)
Algdold L= 1S AMg-Sto] f-5shint [21].

140 keV FHLE o] 2xAF AFo] gk X-4 & (X-ray
diffraction, XRD) £4-& Foto] FAASH MgB, 5] A
FHE eIttt =4E dAREE =455
(Physical Property Measurement System, PPMS 9 T,
Quantum Design)@t 7154 =42 H] (Magnetic Property
Measurement System, MPMS 5 T, Quantum Design)&
ol gste] 2o mWE A7) (electrical resistivity, p) 2
Zt3H(magnetization, M) EA4& Z42t Z45to] &elstait
ANAFL 4-FAH (4-probe method)& ©]&3dl =4
SR, eolof(wire)?t Alm Atelo] & IHE=(Au pad)E
Abgoto]  HEA P (contact resistance)=  FAIFSFFTE
SHEAAT IS A1 8 5N E o] §5}o] £ 2-30K
HAoA ZF7] o]8 FHd(magnetization hysteresis loop)<
Z7scta ol5 At Fokqlet. ofm, QI7IRE A7]7Fe]
W2 Alw9] U 23 R (H]/ ool

3. RESULTS AND DISCUSSION
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W& (displacement damage) XS SRIM AlE#Ho]A
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ZAFEF Th9l(displacements per atom, dpa)= LERH Z o]},
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Fig. 1. (a) Displacements per atom (dpa) as a function of
MgB: depth from the sample’s surface, induced by 140
keV-Co-ion irradiation. The dpa value corresponds to a
dose level of 1 x 10%* Co ions/cm?. The thickness of MgB;
overlayer (~ 143 nm) is determined at dpa = 0.02, which is
a sufficient disorder level to degrade the superconductivity
of MgBs.. (b) X-ray diffraction (XRD) for pristine (Pri.) and
irradiated (Irr.) MgB; thin films, reflecting the formation
of disordered MgB, overlayer by 140 keV-Co-ion
irradiation.

MgBy= 9F 3.44 x 10% atoms/cm39] #& 7FHth MgB, 2
ZFAE dALEZE 10 K olstze Ads] fdad Zo=
A== A5 Q1 dpa = 0.02 & 7|52 2 oFo] BT OA
A7 FAAH ¢ S(disordered overlayer)e] F7(143
nm)E 2745kt [22, 23].

T8 1ol vEbd X-A 31 ofE-s AdaEH MgB,
Z272] (002)Hel siFot= B2 (peak)7t F M= Zepd
AL & 5 ek ol FUE o] 2XALR ol FUIF MgB,
=A% E45ta, Alg o] 3 o] R4 F7HE 5|
o] sold MgB, 3°] FA4E e HojFe et
FAG & = ek 4ol Ay A o] & ZAFSHA, UG
ol el EHo| e dA 7o HdFE ¢ oA
Z=(collision cascade) 2 18] AAF H12}2] (vacancy) 2t 24
S (interstitial) 7+ A ek, o] =R e A7dstd EHo Azt
3 (lattice strain)o] TAYsAL, AAF x| FHAE op7]
st Aoz oralA 9} [24-26].



Soon-Gil Jung, Duong Pham, Won Nam Kang, Byung-Hyuk Jun, Chorong Kim, Sunmog Yeo, and Tuson Park 3

10+ (a) F‘" (b) #—8—a—3 suz._
| epi S FC 1
o8 o ¢ " 1w | =P 1
X ! " " i
E 06- .'F ] E 20e .
I N
% 04 /;;\ T. 1= l
| I =y :
024 1 | zre
| F- 4 - - e . o—snnJ
UDEB 39 40 41 1] 10 20 30 40

T(K)

Fig. 2. Temperature dependence of (a) electrical resistivity
(p) and (b) magnetization (M) near superconducting
transition temperature for pristine and 140 keV Co-ion-
irradiated MgB, thin films. Here, the p(T) and the M(T)
were normalized to the p at 41 K and the absolute zero-
field-cooled M at 5 K, respectively, for comparison.

140 keV ZHE o] 2xALR Il YA H FEA2HE MgB,
9l ZFol MgB, il HA 8] dAE ] w2+ FFS
AW K7) flote] A7 A3 (electrical resistivity, p) 2 A3}
(magnetization, M) 549 2k &4 43, ol&
2% 205k (b)el 22 ekl oA Fe] A% 4 BAE
MgB, 9 Sl AEAA SHstAct. ZAb(irradiation) A
39.90 Koll®l 24 E dALEE 1 x 10" 7/cm?e] I E

O] Z A & 39,82 K& ujulgt 45 Hch 23E
AARE+ 2% 2(a)o 3HaE=E 273 AAY 24
Ao|7F A& EE oA A7|AF Fo] dxtew
E0|E+ AHE 71Eo=2 A5t AZAFANA 42
AT JAIREe] AP I™ 2(b)ol YerdH #3st EA
TA A Hole B2 WYz (zero—field cooling, ZFC)¥t
2+ W2t (field cooling, FC)©| H]7} A (irreversible)©] &&=
210l sfFote 2 Aditet & RS & 4 ok IYE
ol A % B Wzt 2 Jzto] w7t o] H=
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Fig. 3. Magnetic field dependence of the magnetization (M)
at various temperatures from 2 to 39 K for (a) the pristine
MgB. and (b) the MgB; with a disordered overlayer. The
red solid lines reflect the Meissner line. (c) and (d)
Difference between the Meissner line and the measured
magnetization signal (AM) as a function of magnetic fields
for the pristine MgB, and the MgB, with the overlayer,
respectively. Hc: was evaluated from the criterion of AM =
1073 emu, as indicated by the dotted lines and arrows.
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SUPCFCOHdUCtor)Oﬂ/“] SHREAAA71 G 29 sty

ZRALA YRR AFst= A717%of sigetet. oatA A2F

ZHAZA O QI7bet 71| 2717t SHREUAAAY Bt
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Fig. 4. (a) He1 and Hpeak as a function of temperature for
pristine MgB; thin film and the MgB, film with a
disordered overlayer, indicating a large improvement of
both Hc1 and Hgeax 0wing to the disordered overlayer. He:
at 0 K, Hc1(0), for both cases was estimated from the linear
extrapolation, as indicated by solid lines. (b) Temperature
dependence of the ratio of Hc1 (=jtic1) and Hpeak (=Hpeak)
for the pristine MgB; thin film and the MgB, film with the
disordered overlayer.
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I3 39H A (surface barrier) 52 3Fo] o5t Ao R
AAZ L glovt, ofA7Ez] ALt o]f= HislA|A] ¢

oA71A, QI7keE 2719l A7)0 whet 2ks} gro] A@HQ
BAE Hole go9-& nfo] A 2kl (Meissner line)©] 2} 517,
ol 19 3(a)%t (b) | 2 Aoz gASHY EHA7t
Az HWEZ HAESHA =HA 2AEAS ¥y 4%
(diamagnetic signal)& ZAAI717] =41, o|25E =5} 39
2717 o)&Ad o] mro] A1 21RlE HlojuA| Et. wheta], 43
2EoA 9 SHRAAZA S ST At gho] miolAy
Zl-& "lojuh= 2 fo] & Aot} [29]. & dAfolAe 11
302} (DoflA & 4= = Hhet Zro] ato]l Ay lat Z7g3%h
245} grol X}O](Ajw)ﬂ- 107 emu 7} H& AHE 7Eo2
sto] SEAAATIRE FeIRT, 1 AHe SRR )
shelet,

I8 @ oleel BN G ST Vb el

ole-g ZAste] RANE 91 Fol U= MeB, Hulo] tigt

Ha¥t Hye ©] 2201 EAE et S A FAA S
A S ARG AY, HaT Hoear T YARZ1H BFoA 2

2712 WA Hio A% Lwrt Aast] wet AgAg
718 MG, 2R H3 0 Ko SR QAA
A Ha(0)2 84 OeollA FAAMSIE 9 & A 3 108 Oez

T F7HE Hoh
FAASE 9] Foll 9t Hat Hperd WHEHE ot
M 1H 4(b)ol R QITh 2 e AR E Tl A=
FEAASE 91 5 B8 F Ha Hyea 7 % 25 A4S
27t gAaddel ‘T}E]' 30% ol/Fel & S7HE Hlth o,
H,9] —?* 35 K offle] =04 4% S Eolj
Hhea®] 785 227t astel et A2 o= S7lebe &
Atk ZAFF 1 x 10 7/cm?] sEdshe IHE o]2o]
ZAE Mgh, 0] A$ 2AE QALEA} 10 K ootz
HashATr [22, 30], oAbl ¥k A g2 Mgh,
Z3o] 23 & (proximity effect) 2 Q1o 2T AL}t
Z7] ZHlz 2152 & Qe Zo=® HiEo] gt} [30, 311
SRR QAR E FA A= FEAS H MgB, 59 2=
o] B2 (superconducting volume fraction)o] +A35] 3]&
2] kot Hudt Hew® HA7F Uehs A o2 Atm®h
MR g ZHEEEEE o]8dt] olFF(bilayer) &
O (multilayer)= AT H¢ &7t Aszrgoz 010H
AR AARL 717 (upper critical field, H) ol 295291 2%
ol T M2 FES 2% JEEHOI g e zo=
HuEY glont [32, 33], obF] 2AE vFS o83 H,
HSto]] PRt A= wlmulstR g ofof tigt o3& $i5ke] Zlo]
Qe ARy DS Aolth, =20 AL Hhalo] FH o
FAASE 24= F AL S5 Hudt Heas FEA2
T Atte & A7 At 2L 33719 A S A%
SHEAARZ1E 3 s S7HA7171 f1_E
Azg werol B 5 g

superheating fieldE
918 7oz Adgr,

4. CONCLUSION

A (cryogen—free)

2 A7l A oleZAE ol falo
H Asksl AT Y=l

Zere] AAd 2% 53171 i

MgB,9] sHEAAAZ S FA7I= A5 sk
Olizﬂ}i‘:‘ B FAA3E —‘H %(dlsordered overlayer)©]
FEE B 2AE dAREd= Ao HIAE gledlk
okl SHEAAAZIES] B ARt S7HE Bl 0
Kol 4 9] stRAAIA714-2 84 Oe o4 108 OeZ °F 29%
Ae S7Fekdh. MgB, Hfeto] FAAske 9 & I8
Foto] SHREAARZ1Eol 4 2 4 Athe & AFEd=,
A= FX71E HFEste] upolazuts o] g9t bt
A A A Aol &8 4 & Aol Atz Hrt
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