SRR S LEEE $F P

R

ta Fgc# 0 AR (Hsu, Yung Yuan) %L

% Iedp E 442 ¢ mUE ~ (Chen, Yang Yuan) 4 L

B4 RET L AR S LS REFREEF ]
Pressure effects on superconductivity and magnetism

In CGszSiz and Sr(Pdl_xNix)zGez

i 4 g2 3 (Tseng, Wen Yen) #

P ERRE 100 & 17



BIEBAEAFVERELAARALRXBREL R

RATA 32 FH (KA
. ¥ XZ 235 © 697410092

%8 3w XA B : Pressure effects on superconductivity and
magnetism in CePd:Si: and Sr(Pdi«Nix):Ge:
BEBLHW®  BHTPEH

WX aRE A
i

Py

% j? 9) s
By EMERARYIELE (HRAM) Hit
E P& E 2 &

2% 4 < B
# }Q—frﬂ %l :d-\:'

2% (k) &%

v % R B (oo [ A ZOE




HALR MG AREF i R 2§ LT AL T
EFFREA L ITR 0 RF 2 F IS 0 3R A R R g 0

FRERTIAAGAR RAT U AE L Bl > BE] 55T

AALFIGD 3 ABEGHE Y FRMEFEIRT > AT
A fpae? RS TRERESY F LA AP B G R o BB
FLEE ek EaF > R PR HTAT E L ERL
dFA P BRO{HREITL CEEEFEDErE s A RE LD

-0 R R LG G I LROE R V2R

o BRI R R AT MA% S FA T BT R B

e FAFOoATEREREE S FY L Wi IR
FEHRKRTAOESEP R A H 2 E B~ o

_‘éi‘ia‘jg ~ gl’s;ﬁﬁ% .~ 43 i 'jt“ N 5‘5};&[}:&“ Fﬁfﬁ' L g-ﬁ-‘ki %E;ﬁ ~ Z;ﬁ*;é?] o



&

A~y A RFAL G F Y £ CePdySi e 8 BIRE T hF &
BN £ T 75 0t F T B (quantum critical point ) 53T o H#-
FREADH A 2 2R R I % 5 M CePd,SipF AR AP I %
B 3 a8 ERI0K 254 3 GPa et AR 4 K-1¢ (7 F AP
BRI I0K £ 2 5 ¢h B4 Z 524 GPapF » HAZERF R
BXA03Ke - Leh p RS ZBTGPa> HAZRAMME i 4 -7 %
B %5 F31CePd,Si; 7 K Mok /B4 2™ .5 » #5 SR MA R
A AR L o

AR B CePdSipz o Mo o 3 FHRBEZHUEH = > F
Bric £ .5 5200mJ 2 1 8R4 G 5 1 torr £2 4 3 T B & enenpedE
4 cme & W% iE XRD>TEM 1 2 EDS % ’iﬁ.ﬁé’}#/} A
2o MCRAEIE AL E2mme 3 Mok g FE B R E R A
* 467 3 B 4&EMcell Ultrars 2 SQUID % = = -

ThCI’lezé\F“i' 1= U $ L 4 ,ffa v H ;‘L&%f"’ B ]"’L © Lq_;f‘}t% e =

LSRR ERIADFIRILEFEBREADES & FREW M
2 - o

StPd,Gey i 4 A1 3n ke T 2 W g @ 2 K 3 A 7] L

il



WXk g & Motk A p WOR A 27 ER] - StPdyGey

BT R EERERGL3.04K F g F R A L ABPT %R IR

Sy

21t 5] hSr(Pdi(Niy),Ge, & B & # S frid /R R D M
P BEoT T h AR A e 4o 224 B SRl Bad A en it BUR A 3 4

$L B R RS F A e

iii



Abstract

The heavy fermion compound CePd,Si, provides an ideal system to
study the antiferromagnetism (AFM), and instability under hydrostatic
pressure.  Around its quantum critical point (QCP), remarkable
features such as superconductivity and non-Fermi liquid behavior can be
observed. Bulk CePd,Si, exhibits a AFM phase transition at ~10 K. In
presence of external pressure, the AFM transition temperature Ty was
suppressed to 0 K as applied pressure was increased to 3 GPa, in the
meantime, a superconducting transition with T, ~0.3 K appears at P=2.4
GPa. As long as external pressure exceeds 7 GPa, the superconducting
transition is no longer observed. The goal of this research is to
determine whether the nanoparticles of CePd,Si, have the similar
pressure effects on T, and Ty as those of the bulk. In our work,
CePd,Si, nanoparticles were fabricated by pulse laser deposition (PLD)
method with laser energy ~200 mJ and work pressure ~1 torr. The
distance between target and collect plate is near 4 cm. The crystal
structures, diameters and compositions were examined by XRD, TEM,
and EDS respectively. The diameter of nanoparticles is around 2 nm.
In this work the superconductivity and magnetism of CePd,Si,
nanoparticles under hydrostatic pressure were studied by Mcell Ultra in
SQUID.

Among ternary intermetallic compounds, ThCr,Si,-type intermetallics
have been extensively studied, especially for the interest of
superconducting and magnetic properties. This structure is one of the
keys to search new intermetallic superconductors with higher T..
SrPd,Ge, bulk was formed by arc melting and characterized by XRD for
its crystal structure and compositions. SrPd,Ge, is the ThCr,Si,-type
superconductors with T, ~3.04 K. The systematic variations of lattice
structure and superconducting transition temperature T, in
Sr(Ni,Pd;),Ge, were studied, both pressure effects on T, enhancement
through chemical pressure of Ni doping and hydrostatic pressure showed
similar tendency. Home-made high pressure cell were employed to
determine superconductivity.
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1. $uei 1+ (dimagnetism)

B ESARE 7 e B SR IR L G dugidt e v )
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T4 o RGP LR J FUE RS el R E R T
o RAB A EFRApFr o Flagit F A oo
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2. &g+ (paramagnetism)
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MhF 3T AR EFRGR URTIP2ZFRG PSR
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Wlce %o FFH LT i y=[C/(T-To)] » Tcfis "/
BRER o MBS AR LR R a7 5 Ao e
3. 4## 1 (ferromagnetism) ¥ * 482 14 (anti-ferromagnetism)
R dp - AP R RE 2 PRI IRE - 2 H
AP BER B A dro TRt B s Lo R A IR hiE R T
AR 1S ’T*ﬁ bimEE A o RE N E BT RF AR
WA P E MR IR o AT AR A BBISE BRI TR
Mok A VBB ERMA S IHE R LG P IBEFFE T B
Froe A0 EH7 b TS T2 RO R AU &
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15



oo B R ARG B R G s HF RS e B
w0 BIAE G I 2 (ferrimagnetism) « 3 H g2 2 483 #7dp 607 v 1 47
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3-2 %2 Aok ®iT

2 i g % * Lambda Physike = & #12 & 9% fies § & (H] 3-2-1)

KRS MO AT M LR T T AT R A g e

hS

N

LIRS T AL TR A el £ (R 3-2-1) o

2321 EAITHEYZFHMEAES 2 G EHEBE
Gas Mixture Wavelength
Ar > F, in He » Buffer(Ne) 193 nm
Kr > F, in He » Buffer(Ne) 2 i
Xe » HCl and H, in He > Buffer(Ne) 308 nm
351 nm

Xe » F, in He » Buffer(Ne)

FMH R BETGHAL O ST by WA 3%
He § 2= 5@ fid » @4 » He 5§+ F A TREEEF2
Bodok it * 7T WA BEDF WA FFRRFTE LR AL
FRVEJRIVA RELE-E 4 ) o Flpt AR~ F R W R LI R F W
Bt A2 193nm #7F hg ML Bl Ar§ ~Fof > He § B Ne f %
A& KB 99.995 % R 0§ K-F M X KRV (L B2 AR
*»Ff i MERMGCE S Fli A F A F 0§ Y& 0.06 ppm T

TR ARA oA 2 hok FEN 1 KF AmE 0 Bl Fy § g fook f A
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R EATR Y g Sk 193 nm 0 ArF § & i
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3-3 X-Ray Diffraction& ip|

BEEH RAETE SR A 2 1% X-Ray ¥ & 58
Bl o 13EF e % = (Bragg law) : nA=2dsin6@

AErERE o d s GG IR0 ML o F A » MR

AAp A 2dsinf BF 0 ¢ F R WAL > XTI A F N o F 2
R g hE B s @A d B (F] 3-3-1) ¢
incident

emit

B 3-3-1 X-ray $£54T R B

Finfam A - TEMEFBD NPT RTINS KGR

G A G LR g R A EREA L E o - R
PO AR & E BH I I R AR e

ll'L /g’\?‘ Illi")m *ir‘{,.m—a— II}BBU* oXRay;}THmJO \?\ﬁ{-— ]E;
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o FR|E B hE KRR PE . F Bk S T R s £k
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AR ZBFEEF ST RFART RN 2 H Yo et o7iE 3
g BV RT  o

FHFERY BHF 2P X-Ray 5% > WEL g T 3
Frfgpie R A X-Ray  #7 1& F = ik £ Ky Ko 2 Kpe
AR A Ko ¥ & X-Ray v @ SRS Kpe A Ky
B Koot £ = @RTH Y FCRY 0 8 grilldo} Ko 0F
o STIUS P B RS 18 B SRR & Ko = 1.5405 A ek ok 3 o
FHRREBEAREY g !

E 1 1.5405A~ % 1 40mA ~ TR 1 45kV

Bl 3-3-2 Xeray h B9 = H

b e A S K,lrt Ko & 4 *,/TT ¥ § @ §_2 Philips X'Pert
HighScore #ic %% - 35 & £ 3 % (half-high width) #_* Origin8.0
PsdVoigkt] sndEstis 258 (7 2L 42 $ & o
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3-4 TEM<Z B

7 %5V T F B ks (transmission electron microscope, TEM) F
FET S ORE U BERER %Kiiﬁ,{(.&miﬁﬁ o JU % Mg St T KT

G > KBTHRSHEL T BESEHTARLA CCD B E

o
-
<l
~
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e
N
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g
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FEZ A MR R A IHRE AP RS
RAGE S R AR E P RS AE R L RR . B EE SES R
FFHR BRI S FET X R AT A
¥7&% (EDS) " 2tz E & RE | T8t ELLs (R
BY>11)~ %3 B 2@ %k (EELS)» & 49 T2 8 Bl ik
PERAEAG T A A BHEAAT DN LR

% 3F R E ORI HAR o

3-5 BREME R
3-5-1 SQUID&H#& R

REMRB P REEPFH D BRI E T A BT IR
o R T - SRR TR DR FIE T ALY g R 20

Hensg v o 4z £ ¥ F F 3 ik (Superconducting Quantum Interference
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Device ; SQUID) (Rl 3-5-1-1 ~ 3-5-1-2) T £ # b 46 fp 327 4 & ez

BRIRE - A3 5SRO BB N 5 b - B B SRR

’ % | LA S| L
3 1 | #&H THESE
of Ry 10 2 | #HEBFEE | 12 | REREBTRE
gy HMEEE 13 |epE
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r 6 |4Bman 16 | fHlE
% " 7 |SQUID g Rl E | 17 | § Wird =
"H 8 |SQUID Rl | 18 |#4l% %%
f 9 |4z 19 &7 =
M | r | 10 | B 1%

@ 3-5-1-1

2EE 3 T % (SQUID)

& 3-5-1-2
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W A ERE T R W e (0 SR .
Rip T g -

Vemf =- (11?
Ototal = Psample + LI
AD = -LAI
HeYVemf R BT &4 0 &€ L ATE T ET70 e d 4
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T#E Vemf " {7 REE-HWARZCE Mo LM fu Y
H’Q?@ﬂ&“$xu=MJny%Hi&@éﬁiﬁ@“$k°

GV R Rt E (M) g3 (H) Rl 5 » 7 TS T

it £ (MR E(T) g & -

3-5-2  High pressure cell ¢ R 32

High pressure cell §.d i p (FH& T @iy BREE » 57 &

Y =

RIB BRI T BB ML B R GRAT S A £ R 0 kR A
EEMBEEEARERTHR KA1 7 B 41 R i 5
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Lo v e Gk Rihik&E - 2 A RBRBRAFTEN X2 B
FRER B IRLG L PR S RIS IR R
RO &ate ot KR DERRRIPN(E 35-2-) 2 g s L REF
P38 BlAeT (B 3-5-2-1 ~ 3-5-2-2)

% 3-5-2-1 High pressure cell & 78 2L

Cell Material High-strength Beryllium Copper
Pressure Mechanism Screw-drive
Maximum Pressure 1.0 GPa
Pressure volume dia. x length
Manometers Tin (4 K) , Lead (7 K)
Sensitivity 10-5 emu
Sample box Steel pusher ;
lied
- Cell body Applie
K3 e ™~ ¥ —on 1] e
VNNV | \AA A
e S -] (o
_"_ ‘ I I lAvAvAvA\ \ | IAVAVAVA\ I |
Upper locking Ceramic piston \ Ceramic piston upper locking
nut Ceramic cap Sample Ceramic cap nut
65 mm

] 3-5-2-1 High pressure cell £ 7+ & Bl

8] 3-5-2-2 High pressure cell § 4 & % i+ §]
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FUP R 20 AR 0 R T IR o dhaR D RN 0L 4

FRRR o P R AR SE e m R MGE - RS A R SR

AN
\\
-
{\x
—_\\
%N’

HEPLRETAPNEIAMAT > FENRERL I H
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BRAF A REY S FYETF R B B T dUr P
B e AT B 4 B 2mm F bl e > M E S 2 mm
LA e TR UMSER ERER CRTI AR FEEL 2mm ik
SR SEER W BT RGR A 0 4 F B S 2 mm i e SRER 0 GETT 2 U4
GREERT - BRSO SERRY e LI WD -

FREE 2mm i PRl SET 3T E S 3mm i S SEpaR R g g

\

e S o Fﬁ@Tﬁi‘ AR R o g e o e
ME e 4 BT 3mmif R SER o (2w )4 B2 x £ B 25 mm ¢h
Gate > MRS IR RS ERER R RINT FAR O By BREE K
*EECH IR o FERR T BB s ph o BN R T ARl 3N
T HLETE 0 bR ODIF R i_[[#,?f} BB R > L AR % R4
%i@ﬁﬁ%i&%%@%%i’4§1£%4’ﬁ@—%ﬁ—%’
—ﬁ—%&&%’ﬁ@—ﬂ7¢ﬁ—Lﬁi@ﬁ@%’umﬁﬁiﬁ

P BREMBEY N (T)ERNEF A FE LR
EE IR 2 (8 NERY LT :é;T Tz RSB
T L Rl e BERBRES P HREF “:é;?f’#
Z B BAAFEREDL INEI PRINL o Fl L £ R A High
pressure cell ¥ Mcell Ultra £ * > # F B & P|JE F 23k - =8 o =%

Fj;@g_ Bk 218 u,ﬁ—} SR BEABEFEREE 22 £Az o g



REMLTLE - FL RS PO R LA 100e 0 #1112 &

LIRS o BLET % BRI 0 BRI A L R F S

Ik

BRM > ERETERHE FEAET LRI > £ 2% > 7 B4

CRICOREY. TP S8 Py PN -CE ST ET ey S

-\-1\

B o ke R SRR R D o F RS R RIS SRR 0 Y - el R
BERE R D) o TR N g S HR T o 4 P TERRAR SRER 0 AR S R B
WLt TRT > S B S 2 mm ok R SER 0 KR E T 1R
=I5 EBTF S RE 2Z M B R wE IS RS

iR e B oA - LR T RIRE P HERS
Fieg o Pr L fREipd G o MEF RS OL e FRigE > P

&ﬁ?&&o
3-5-3 Mecell Ultras &2 R 2

Mcell Ultra &_EasyLab ) &80 7 B B &b #4k 52T 8 30 3 407
Ba P o dd SR Sl aER S 7 N R R R R
Ui 2o FREER - REMHEFHR, &% MEBEg ¥ p R
& o

Mecell Ultra {- High pressure cell 4 £ 2 &30 > @ & 7 14 aE $ 5

FRA S 25GPa S EE R AL hE A2 0 RS

MEL L PR LT AP EREEE et Y
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TR ( 3-5-3-1) 0 2 A B RBIE R BlaeT (B 3-5-3-1 -

3-5-3-2) -
% 3-5-3-1 Mcell Ultra % 78 3L#%
Cell Material High-strength Beryllium Copper
Pressure Mechanism Screw-drive
Maximum Pressure 2.5 GPa
Sensitivity 10° emu
Diamond cross-section Diameter 1 mm
Pressure volume 0.5mm dia. X 0.3 mm length

VAN Vo

Diamond —”

Gasket

&—P

sample

Be-Cu
AT /]\ /]\ AT

@B 3-5-3-1 Mcell Ultra 4c B 7+ R, B]

B 3-5-3-1 Mcell Ultra § 4~ B@)
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PREE 0 E DA HET e s R {0 A 2 1S TR chRS HET AR R
BRI G B F R G Z 0 RIS v i SRR, & R S
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BAES  RAPTG A AR RAFRRL > A AHEC K
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ST o AL SRR o T BRSO HRE b AR
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BRI THY RFHETRBAKRD 2 ERFIEEN
ERIFIINPPR A U 8P B E 0 FL 50T F B 40T &

. ’—
D2

TR R E AR G R - TR - A RER

N
~\

R 4R RF
3-5-4 HALRAFREFE
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5L ® Pb (Tc) Reference ]
O @® Sn (Tc) Reference
~ I — Pb fit Polynomial
= 4@\ ---- Sn fit Polynomial
[ O O Pb (Tc) Mcell Ultra
3f e ___ ;
E e
2-_- L 1 M B ‘.\.eil-.-ie. ]
0 1 2 3 4

Pressure (GPa)

B 3-5-4-1 = L;J% POALSI AR R 4 SRR R B OITEI Y R B L R

[19]

IS 30 3
)
~~ O I~ -
()
O o s
! ®
9 @ WJIDD]E]ID moooad
£ ‘101 o ]
Q OO L@ Pb
C?o 1) ..ﬂ Ba: 10 G
2 0 s as00® 6 C ¢ 10GPa |
S § 5 1.5GPa
0 oo DDDDIEE£F o 2.0GPa |
55 6.0 6.5 7.0 7.5

Temperature (K)

Bl 3-5-4-2 4% Meell Ultra * # /& 4 T c14-T [
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[V ,T‘U{ﬁv ;;Jc:}a;i@ 2t 9T ez =N 3 Al
Pb: T.(P) = 7.208-(0.370)P-+(0.0006)P*
Sn: To(P) = 3.722-(0.496)P+(0.0246)P* (P ch¥ = ¥_GPa)

¥¢h— 3 @ > Mcell Ultra >t £ B PF T R BB 4 2948 2 P2~
Ted g o AP0 A 4 MK2 Press R 4 TR E 0 R
3-5-4-2 #4-% Mcell Ultra ® 7 /B # T chy-T R > K B° B~F 2 B
R A T, Léi’?‘},%#ﬁ“ﬁi%*v?@ 3-54-1 ¢ gz B &7 0 d T

MK?2 Press e 4 45 77 343 B AF 5 h(H] 3-5-4-3) -

Bl 3-5-4-3 MK2 Press 4¢ & % 2 iR 4 :}F]ﬁ;‘l? + B
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FrE RAERRFEELI

4-1 CePdySi; 841 & 7 F Mk & BB *

4-1-1 CePdZS|2 ﬂu"H‘ B % ‘} HI,L_XRD.?E} B %‘

d 5 kT ik b & & e CoPdySiy Bt #egk 53 — o] B 1L R
EEF AP ES R LBETHRA T K CePd,Si; i Xeray # & $E

i+ ] » 27 JCPDS 7 4L 2 #01-073-08532 11 CePd,Siy #adEbt & A 82 5 B

>\.

v L CePd)Sip Bt &2 2 st ik » BB 5 5 1:2:20 2

BEMALH WS s R

5 geg gg¥ce g gef o8
N Nano 2.21 nm
[ T | US| ) R O (TR MO
—
e
c l
= |, R - Nano 3.29 nm
g [l WO
-
s 1
; | Nano 2.49 nm
'-.Il_ i\ " R TR R SO | P r—
=
N
: h\
3 N S | U .._J!l.. R .. . N PRSI, SPDRE __B_UIk_ s
E ‘
| I | | 1 1 | Reference
| 1 1 1 1 | I

20 (degree)
Bl 4-1-1-1 CePd,Si, B34 22 3 F ok X-ray #» & S8 B 2 hkl

37



- v =2, 20) A5 - 2
Lo m ] 0T R E B A fe N0 A

1 1+cos’20 ) |e™"
Ly (9) = C[_zj@]:hklrp( C.OS ﬂ - F(@)
1% sind 2u
C, Fiu, p, 2M, and u, and P(O-0, W, W) » & W] % & F ik B S8~ & 7]
+ ~ 3 £ 4 %5 ~ Debye-Waller F]+ ~ 2 e T i #c > gt Xk

Acsta R G o B RO S ARF]F o 40T 3 e 2 qg 5t

J' J. { ( s1nt9(smacosﬂ+smasm,8+cosa) sind, ]j df}dadﬂ

BY diofEzZ M ER > SRS LA M - R B
ARBE R R A LT AR S RIS 0 A B AR R 60y
P FO)% o7 G R RS Lvk o K - 25 hf o
Wi ERIREENA > RS2 A AP R > BER dLS00 @
BEO) iEm é B hiE ;vs 15 % 4% B 408 - Jé,f;’,‘f‘gd AR AT M
BRI S EA T AR B2 F Rl R E
AT R AR A T ) REFTR T K BFNY AR
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