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Abstract

Mn-Co-Ge-based alloys show excellent magnetocaloric effects, but accompanying serious weak-
ness, that is the break-up of the samples during the phase transitions due to magnetostructural
coupling. Fabricating thin films rather than bulk samples has been proved to be an effective way to
overcome this weakness at present. This work reports the deposition of Mn-Co-Ge-Si thin films
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using the pulsed laser deposition technique. The effect of substrate categories and annealing treat-
ment on the crystal structure and morphology of the films was investigated. The results reflect that
Mn-Co-Ge-Si thin films with a dense and uniform surface show textured growth on sapphire Al,O;
substrate having a similar hexagonal structure. The successful fabrication of the films widens the
range of applications of magnetocaloric materials in the magnetic refrigeration field.
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&AM By BA i@t R RHG S U B ATl A 5K, i i 7 SR 32 22 H
P D I BN s 2 R P MR TR OR SICBLIRD B 28 I a0 SR, 280 4 s 4 (1 1 7 T
FEONFEA ERIT, BIARAR M HEA R E RSN . Ak, 7287548 2 674 ReR B,
AR T HRERIT R Bk, RIFREOIR SO RERTHIA BRSO 2 T W7 R
He T AN 1] [2]00 = WG BOR[3] [4], BRIH A SR R R L RO RE S A€  IRMR A 2 2 10 A
A RIVE AL G USRI HoR, B BRSO E A GHELS] [6] [7]. S5 UR UH
AN, T B TS BRI R, AN EH R A HENTS R B NI, TR 1A L
TR AN RS, T RAaHL, Bk, RasEvhds . Bbah, SHLMHVe MRS DIR SR v L W
TIPSR TS T AR S SR e AL, R S] A AN LR S A RS T B AR U T R
FIEARANDTT -

BEE T T EORE) A e, BT e IO RO A AT BRI I, — e fF i, A0t
THERTH RN RS, £ IERSITE RS ERERE . RN, & FEHERE
R ERL R, T FEAR R A& IS AT R, TR0 B v B . RABUE DL A i AR OR 2 . R,
FEL T2 VA R BOA 2 BB R AT i 75 A ok X . BT /NG R v B R IR SR
L 74 R, TR BE IR L R A 0 30 0 R T e 22 I G AV RE 8] [9] [10], X AiAT 44 22
] S5 VLR ARV AR, Rt — DT SRR AR VA MR REAR AR AT 9 R R BE[11] [12]

2. OO
2.1. Mn-Go-Ge-Si EERYHI&

PAMn. Co. Ge. Si w4l Ak}, i Ui 7 il % 4l B2 ) Mn-Co-Ge-Si &4, IF
FHTRCHL A5 B8 T e 5 AR A9 UKL 23 A1 351 20, I (100) 77 11 AL £ Ming gC 01 2Geo g25Si0.175 5 S HEAT o il i
i kO TR B (PLD)FE Si-(400) SilPt FIE S A Al,03-(100) =Fi ARl iC il % Mn-Co-Ge-Si
W, LA oG RE R AR 4> I8 300 md A 2 Hz, 4RI 500°C, YIARET[A]Z) 120 min, SR 15 E]
(I R % 9 100 nmo R T AT IR AL, EERUTRUE AR, I ERR R A SRS, B
JEART 107 mbar. FREPUASE RS, AT [F BB (O AT A B KA B, 3B KRN 850°C, B
KIS TEA 6 7N
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2.2. Mn-Go-Ge-Si BB HIFNF R RAE

KB HE X B R ATHMX (X-ray diffractometer, XRD, 7154 Panalytical Empyrean) 8 i i) i 74 45
Ry kAT RAE, FF 20 A MR A B ) o >R A 49 48 L 7 2 U8R (Scanning  Electron Microscopy, SEM,
JSM-IT500HR, JEOL )il i i i 1) 2 HT T 30 A TC 3R 70 AT

3. BRI

BAVEARF R L% T Mn-Co-Ge-Si i, H XRD EREWIE 1 FioR, Horb(a-c)t M 12 4 BilfE
Si-(400). PU/Si I Al,05-(001) 44 & YA, 7E Si A1 SifPt 44 L, YIRWHERKA XRD A75 EE (14 1(a)
FE (b)) R SR SRR T4 R AT T IE,  FEE AR H T Mn-Co-Ge-Si dib iS5 H4 FIAT 6, X 5
U Mn-Co-Ge-Si 7E Si Al SilPt i YA REIE B4 fAH S50, 1X ] RS2 B T4 I I AL 7 di b 55
Mn-Co-Ge-Si 17577 d& AULEC T 51 RS o T 438 FH A 75 J7 A& 451 (1 ALOs FE A I, FyTRUIE ()
XRD fiT5 ERE(E 1(0)k: T R E TATE AlLO5 [I(008)fiThfIgfr, HA=AMEA7(002). (004)F1(110)H1kH
T Mn-Co-Ge-Si . H -, (002)FH(004)7T 5 0 )5 5 izt = T-(110) WA, KB Mn-Co-Ge-Si #EfiE K
Fy SRE VS (001) A1 BEACE I, A5 2038 3 di b 5 1] (L10) B o 24 DAL AR S [ e JER DA T MK F 465 SR T 60
Mn-Co-Ge-Si HE AT B IIEHE ALOs A IREEALH M A, 3X W] BR YA T 9 35 AH 5 ) o Ak 25 KA 0 R P A AR I
(1 A% 240 H R Mn-Co-Ge-Si Fil ALO; # i I/ 7 ik %5 a, b Fil ¢ 435124 4.08 x 4.08 x 5.303 A<90° x
90° x 120°>/1 4.7587 x 4.7587 x 12.9929 A<90° x 90° x 120°>, Wi (K] a Al b fAs% & B BonaaT, Kbkt
nTEA I b AR KT TR 5 (001) Bl A A K, 1X 5 XRD 7545 A — L.

EHA—HMZE, ACHAKM Mn-Co-Ge-Si HK 5 Y. Liu 55 A [13]#3E FI7E AlLOs-(001) 4K AE K1
Mn-Co-Ge-In /B E A R FARLEH, Liu & AHRIERIB2 In 1) MnCoGe HE AR SLIG 5% Si 1)
MnCoGe AT ST IEFEA AR, EARAKIE, Y. Liu 25 ANIRIE R AT 506 LB PIHSEAE, R 54 E
SEAARI N T AHEERE, TASSES: 5 4% Si (1) MnCoGe I R I f— S, H&E/NMAMH. XalfE2H
T Si BB T T MnCoGe #1445 F4 I AH AR 52, 1T 445 P4 R 783050 P8t il 7 R A [ I T 1E S A A 7 AR Ui
FE, FHASIRFE A AR A S BAE R % Mn-Co-Ge-Si W1 21 f2 i, A& 7S MAHR| IE AR 45542,
IR ) 4% HH 1 Min-Co-Ge-Si TR FF 175 A A ) Bl AR 45440

K 1(d) IR IR AE ALOs 4R _EAE K ) Mn-Co-Ge-Si IR KRl R ATHHIE I mAL S il . # (0 fCRIE
KA, AERKIRAE. ME L) TR EH, 1BKZJE, JK Mn-Co-Ge-Si # &[] (002) F1(004) &A1
A P R A T R WS, 7 (002) U7 11 £ 5 i F% ieik 1) 6%, LB AT 1(110) 04 58 431 2k o — MR UL,
B FERTRE 2 5| L AR TR N st PR S B R, (H BT 51 RS AT S0 A S R e AR AR /. BRI, SRk
J& P2 AR IR S B AR A AR F IR G FE 5| A2 AR A28 Ak, 61T g A2 BB KT B08 1 S A AR R B

A VB AR AEATH 23K 2dsing = nk KR K S5 FIRTSHIEALEEAT TR 1 8 BT H[14], RATRKILE
K BT SR U 87 AF X 38 KR AR (002) A1 (004) AT S A, AR AS A B2 1 IR S B At R I £ 1 K R,
X R KG 1) SRR AR = AR AT ST VEAL P REtAEE 2 AT, HHATHIEA T RERE THE T ¢ MM
[ R, FRATAGIR AR K 1 S A AT S 8ok H -(002) A1(004) 175 df il , AR AT HLA& AT 5 4 AT i
SR KOS S A A% S5 ¢ = 4.992 A

o5, FRAIE KT G R BT o3, Wl 2 B, B @) (b) 23 % B A A IR KR FTE K S
FEfh o MHEE L. X FIR KT Mn-Co-Ge-Si JFE S, of 1345 R IR Mn-Co-Ge-Si F# IR E T Y 7
T A AMER A AE K, E(102) [ 23 H /N EXARAIATENE . AlLOs 4 JEAE T A J7 I 4 (L04) THi AP E
EHTEE REREZENIRIE, XEY] Mn-Co-Ge-Si I E T A 4L K7 A RIS ALO; 7K
HATHEA AR, XS5 E 1 RE RS REYE, BRI dhi T B A A K
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Figure 1. XRD diffraction patterns (6-26 scan) of Mn-Co-Ge-Si thin films grown on different substrates, (a) Si-(400), (b)
Pt/Si and (c) Al,03-(001). (d) Mn-Co-Ge-Si thin films grown on Al,O; substrate before and after annealing process
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Figure 2. @-scans of Mn-Co-Ge-Si thin film, (a) before and (b) after annealing. The scanning crystal plane is from (102) of
Mn-Co-Ge-Si and Co,Gej3, and (104) of Al,Os
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Figure 3. In Situ XRD patterns of Mn-Co-Ge-Si thin films during the annealing process (% represents the diffraction peaks
from the thin film, and e from the substrate Al,O5)

& 3. IRAZEH Mn-Co-Ge-Si BIERIR{L XRD {75 EIE (A RFTERITHIENME, o KLRFTIK Al,O; BITTHTIE
LE)
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Figure 4. SEM images of Mn-Co-Ge-Si thin films (a) before and (b) after annealing treatment. (c)-(f) EDS images of ele-
ment distributions of the films before annealing
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Table 1. The analysis of element distributions of the films before and after annealing
= 1 BEREAERAAIENTREESH

JLER Wit% JR¥H 45t FRUERE AR S
Si 7.37 15.12 Sio,
o Mn 24.08 25.25 Mn
1B KA
Co 28.29 27.66 Co
Ge 40.27 31.97 Ge
Si 5.88 12.62 Sio,
‘ Mn 1.08 1.18 Mn
B K5
Co 46.32 47.39 Co
Ge 46.73 38.81 Ge

P ERAE DL TR R AT RE A KA MnCoGe /E 8 MMIX(M, M': i 6, X: FHEIR)E&m—%
FLRRREE M) E 2R MBS, B M R TE R /S A1 A% AT MYX R 1 (BT B 7S £ b ks 28 i R B TR A
BT Mn [ K 3 R AEAFE K5 [ Mn-Co-Ge-Si T I 25 4t/ T Ui B 45 M 10 2, TR 5 B0 AR U 4
ifii Co-Ge [RIJE BRI /S 1 dn A& A S HE MnCoGe S5 M1 - B30 48, Fomid NS &, AHELZESE Mn 30A1
Co,Ges 2 [AIff & IR B s ig 22, DML XE ARG AR . GB K EAR T3 Mn ST IR, (H2FFA 2 DAB
I Co-Ge [AIFLANEE, HULIRE T Co.Ges ANFA M. H—77MH, HTIRKET Mn fERFEGCERZ —, 1E
Mn-Co-Ge-Si i (5 LR &, TR KOG HE K IR E M Mn, BRIt T kAT E & 2 FLER &5 #4 [15]

4, ghig

AR SR KO AR B I i) 4% - Mn-Co-Ge-Si #REARE i, IFRF STAT SRR, Hukb B T2 %5 K
FOOS T S AR R UL S R RS 5 . SRR S5 KR, IR A 45 5 Mn-Co-Ge-Si /N J7 45K 22
BORKS, i Siv PUSI A JR_EVTARIRE, AR AT . 4 ROV R A RIRE N7 45 I 54 AlLOs
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