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In this work, we studied the magnetic and transport
properties of an intermetallic compound Gdggzsl.aoors-
Mn,Ge; with a ThCr,Si.-type layered structure. Gdggzslagoers-
Mn.Ge; exhibits canted ferrimagnetism with ferromagnetic
and antiferromagnetic components below T,;=348K.
With decreasing temperature, it moves into a non-collin-
ear antiferromagnetic state at T.=244 K, and finally
transforms into a reentrant canted ferrimagnet at Ts= 142
K. For Tu<T<Tyw, a field induced metamagnetism from
antiferromagnetism to ferrimagnetism occurs at relatively
lower fields, accompanied with fractal like multi-step
metamagnetic transitions, the so called “devil’s stair-case”.
The appearance of such fractal like multi-step meta-
magnetic transitions may result from a step-like formation
of ferrimagnetic clusters due to spin-flips of Mn moments
that occur independently in the antiferromagnet when
magnetic fields are applied as well as from a step-like
growth of their ferrimagnetic clusters. In addition, a giant
magnetoresistance effect (Ap/p~15%) was also observed at
the metamagnetic transition.

Key words: GdoozsLagorsMnyGe,, antiferromagnetism, re-
entrant ferrimagnetism, magnetic phase transitions,
metamagnetism, devil’s stair-case, giant magnetoresistance
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EARMSIEIY T EBERGHEEPERI N, £ oMHNIC
EOLHIHBELTVWADhE VS LBASSEBRN S 72N T
& fz. RMn,Ge; D fs SRS O F#UE, Mn EEF O R
Mn-Mn B £ (-l 35 Mn-Mn HFREEEED
Réyon D3 ¢ Bl 6] O R[5 Mn-Mn B RIEREE R Sovin 1S H
T, ¥PRESNEREE LV, Mn SO ZIRonik A )
B L o BRE WO MRS SN C & Th 5. BIDRX
[k SRR L&Y Gd, -, LaMn.Ge, D RISt & {ZEHE
O e BwT, EE S IE=TRERILEY Gd,-La.Mn,Ge:
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(Ki CROERIMED 5 7 = ) Bt~ & L iREEFE 9 5. (2) La iR
BEHS 0.06<x<0.1 IcHBVTIE, BEOETLEE I, 7= Vil
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Haxha, 7, 3) NSO 7 = )M, Kesffte) = v
5vh e 7z VRN, BRI S X OB OB AR T
Fck 5T, Mn E— 4 v FHcliliB XU c-HHNKDE &
ST v 3 ) =T RESEIETH B T LhRE NI 4)
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b AY, Rinwn<2.84 A Tid oY) =7 1S BREHERZTI L, Rin-wn
>284 AT, Fr b LT VEEHEEZY. 4, EBHEER
REEEEE 70 &3, B (kD @ Mn £— 4 ¥ b5 R
>2.85 A TIHBHMAES L, Rinwn<2.85 A TSRS
&4 529 (5) &5 LaBEMET &, 010<x<1.0 T,
LBFREHFICE VT e RIS & & B eI
MRS 2 o F v v b ¢ 7 = VR AIRT. (6) MAT,
7 = ) B ORAL OREEIRE A, x<0.50 DR OLEPICE
WTEllE A, () HEBEOHILE 2 MO FI5E
Fic L DTN, Gd HMEFIAER T 2 55 (Hea =
30 T) A%, Mn E5M4& TI BRI 2 9 TR (Hw.=286 T) 12kt
NRT1IH/PEWT EICE Y, GdHERTOKE— 4 v b
Mn #AKEF L DEEICH L TARICHDT I Ltk > TH
haZEMohicant,

A, B (D) 1c5| ke x, Gd, .LaMn,Ge, DHITHK

iy & RSB RIC > W T OEBREREWE T 5.
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GdoezsLaoorsMnaGe, D ZfE GBI O ERIE, LITO XS
FIETIT- 7. 97082 GdossLaoors & Ar 7 A FHKH
KHBOLTT —7EMRT 52 ok - TFRIL 2. RIS,
GdosssLagers & & Ge 2{b¥ B, ZEXEDEW Mn (<
ST L BHRILE D b ~5% BEY » FIcHERL, BE
Ar HRAFERBICE W CT — 7 BT 5 T Lick > TEER
HEIEERIL 72, 20tk SREEGEEE Mo ficad ARE IS
#HAL, 1.0X10° Torr ®EHZEFRESKHICE VT 1 HEMA,
900°C DIBAIEMTHELE A HE L 7o, FilE TORKR X
T (Cu-K.) DFER, SR IET & ThCr.Si, B & &
DOHFETH D T EAMEL 7.
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CERMER L. COAETERI N BEEERE 05~08 g2
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5, 1.5 T/min OEE THIB2ER S €1T- 7. BRIER ORI
SE S REREN IS B R RIS & - T » 2. RERIERL ORIE 13
HBEZE<s 2y Mok, &6 T £ TOREEAMLIT-
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Fig. 1 Plots of (a) magnetizations as a function of
the magnetic field at 8.0 K (below T3), 218 K (between
Ty and Tw), and 258 K (between T2 and Tu), and (b)
the magnetization at H=1.0T as a function of the
temperature for GdogzsLagersMn.Ge,.
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Fig. 2 Magnetic structure of GdggsLagorsMnaGes.
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RERLTVS, 4k, AEBRTE-LHERESRI, Fig 1(b)
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% Gd ORIUREAK & Wicw, it FEITERICL -» TEE
OHTHEEATEET B EMNTE - 12h, biboRSEE
13, SmMn,Ge, DWW THGRE 0% BT, FRI L /- B LAER % 5300
TORBELNEFMEETHBE VWA B, £, T<T, Tl
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L0 cllrhREREWEE LB, o0& E, BRRLE M)
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VAR OBEMEAR L TWE, BREEbIC, 284 A<
Rinn$2.85 A £150, Tu<T< Ty TRFE—BA® Mn € —
AV M, Fig. 20 icBon3d & 51, cllin S c-mrlic
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SEEMERNICECY) L e RGeS R G A & 5. C ok
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mit iR % Fig. 3(a) BL U (b) IoRd. AEEBRTHERLA
GdogzsLacorsMneGe: (3, ZHERERITH BiICbhhb o,
DTV v — TRRESHEE 2 s HMEBIEI - T05, Bx
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Fig. 3 Plots of magnetizations as a function of the
magnetic field in the antiferromagnetic state for
GdogzsLaoersMnaGes.

77 « r— R (devil’s stair case—HEEDOEE—) LiEEN S
BRI RS LOBCLE Es EE-T0D, o, —
REEMIC A 2o EE0—8r 2 AL TA B L

E 5 OHICIERICE K /DS BRLOBRU R - TV 3
CEMETENSE, FOREESICHSHMME (757 5 v X)
BB E S, TOLOBERAELERE, hETeKH
BENFZIEDBVEHETHY, ZOREA A =X LD
SHOBETH S, AJR & LT, ko h g
HLTI 7 aBERE— A v b OREDRFLXLDY A XT
PP > TV A T LItk 0ERKT B (1) 7 = Vs
TR —DRAT v T+ 547 BEEEERIC, (2) AL
72 VS 5 R —OBIGICHT B R F v 7 54 7 kR
KHBEL TS EHER L TWE, ok ) IR SR O #ET
mmmbsu%o<zt7ﬁ®ﬁml*w¥~%¢®W%ﬁﬁ
BR/ND %L F—ZDHFUCHBICIFEEL, TN 5 ORIICEEE,
ﬁ&tf“%lt&&D%ihfhé@h%bﬂmh.Vfﬂ
IKLTh, COROEMTHS, (1) BKEFTHEOmmD T
2) f& /2 DURRME Q%W@x&mﬁwﬂ#ﬁ LTW53,
B :MEWQ%E%%tht/ﬁf%%u&k@%bf“
BITEVIL WD,
¥, T2 T, 1.5 T/min O 2 1 — 7 #E THALAIE
AT - e EBMEREZ TR L TWAA, 1.5 T/10 min ORI 2
{1 — 7 HE TR FEREIT- RO E LA LRI LERES
Atz LtchioT, LD T7 3750 547 BERMEA T
PHELFs O ERFE R I ABEN BB E L SA L ODTHE LVR
%,
3.2 HSKIEEH
Fig. 4(a) 12 45 GdogesLagwrsMn.Ge, DB SRR 0P D

BEAAERY., R To, To fHics OV TEKIEIER
OEBLEEIEDONS. o0, REHMEHETOEKIEI

Fr7 2 VRIHHETOENLD 10~15% BERE VI L%
LT\, 150K LI FCOEBIKFEOIRBRIERSICL-T

210

250 T

200}

—

W

(=]
T

p—
[l
(=}

-

Resistivity (u2-cm)

Polycrystalline
Gdy g2sL.ag o7sMn,Ge,

20t (b)]

PAF-Preri (HE2-Cm)

0 100 200 300
Temperature (K)

Fig. 4 Plots of (a) the resistivity as a function of the
temperature for polycrystalline GdogzslacersMn.Ges,
and (b) excess resistivity in the antiferromagnetic
state compared with the ferrimagnetic state (oar—
Oterri) 1N Gdgg25l.a007sMn2Ges.
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Fig. 5 Plot of the resistivity as a function of the
megnetic field at T~145K for polycrystalline
GdogzsLagorsMnoGes.
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Fig. 6 Plots of (a) the magnetization at 0.05T and
resistivities along the c-axis and c-plane as a function
of the temperature for single-crystalline Gdggs-
LaposMnaGes, and (b) excess resistivities along the
c-axis and c-plane in the antiferromagnetic state
compared with the ferrimagnetic state (0ar—pOferr) 1N
single-crystalline GdogssLagorsMn.Ges.
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Fig. 7 Plots of the resistivity along the c-plane and
(oGReme—psiame) as a function of the temperature for
single-crystalline TbMn.,Ge..
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