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Thick SmCos film on Ru/Cu/Ru underlayer with perpendicular magnetic anisotropy
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In order to fablicate thick SmCos film, the dependences of the magnetic properties of SmCo/Ru/Cu/Ru
films and its multilayer films on the SmCo layer thickness were studied. The SmCo/Ru/Cw/Ru film with
the SmCo layer thickness up to 200 nm showed the perpendicular magnetic anisotropy while the multilayer
film with the total SmCo layer thickness of 1000 nm indicated the magnetic easy axis was in the
perpendicular direction. It was found that the multilayered structure is preferable for the increase in total
thickness of the SmCo layer with the perpendicular anisotropy.

1 Introduction

SmCos alloy is a well-known material as a permanent magnet with the high uniaxial magneto-
crystalline anisotropy larger than 10® erg/cm’. Therefore the SmCos film has many potential applications
such as magnetic recording medium, MEMS, and so on. Authors have focused on controlling the crystal
orientation of SmCo film so far [1] and prepared the SmCos film with the perpendicular magnetic anisot-
ropy by using the Cu underlayer with 200 nm [2]. The almost similar result was reported by J. Sayama at
almost the same time [3]. Important findings in our study were the Cu underlayer played an essential role
in imparting to the perpendicular magnetic anisotropy to the film and the SmCos layer with (001) plane
grew on the Cu underlayer with (111) plane [4]. Recently our study revealed the Ru (5 nm)/Cu (5 nm)/Ru
(5 nm) tri-layer was comparable to the Cu underlayer with 200 nm [5]. In these studies, the thickness of
SmCos layer was thinner than 20 nm for the aim of applying the film to the perpendicular recoding me-
dium. On the other hands, for the use of magneto-electronics devices, a thick SmCo film on the order of
micro meters is necessary. Therefore the dependence of the magnetic properties on the SmCo layer thick-
ness was studied in this study. In addition, (SmCos/Ru/Cu/Ru), multilayer films were also prepared and

investigated their magnetic properties.

2 Experimental procedures

Films were prepared continuously so as not to expose them to air by a complex sputtering system. Cu
layers and Ru layers were prepared with a facing targets sputtering and a DC magnetron sputtering, re-
spectively, without substrate heating (below 40 °C). SmCo layers were prepared at 350 °C with a DC
magnetron sputtering. The SmCo target was a composite type with Sm plates of 10X 10 mm® on a Co
disk. The number of Sm plates and their positions on the Co disk were adjusted to obtain about 17 at.% in
the film which is almost the same value in the stoichiometric SmCos alloy. SmCos layers ranged from 10
nm to 5 um w ere prepared onto Ru (5 nm)/Cu (5 nm)/Ru (5 nm) films. The multilayer films were based
on the unit structure of SmCos (100 nm)/Ru (5 nm)/Cu (5 nm)/Ru (5 nm), and the total thicknesses of the

SmCos layers were varied from 100 nm to 1000 nm.



3 Results and discussions
3.1 SmCos /Ru (5 nm)/Cu (5 nm)/Ru (5 nm) films

Figure 1 shows the XRD diagrams of the SmCos /Ru/Cu/Ru films with various SmCo layer thicknesses.
A broad diffraction line around 43 deg. in each diagram comes from the Cu (111) and the Ru (002) planes,
which was also observed in our previous study [5]. When the thickness of the SmCo layer is thinner than
30 nm, the diffraction lines from SmCos (00/) planes are observed at the 2 theta of about 23 deg. and 45
deg., implying the SmCo layer is (00/) oriented structure and the magnetic easy axis is in the perpendicu-
lar direction. When the thickness of the SmCo layer is in range from 40 to 200 nm, two diffraction lines
are observed at the position of 45 deg. and the lines which have a shoulder on the right side are observed
at about 23 deg., simultaneously. It is believed that these peaks come from the SmCos (00/) planes since
each value of the lattice spacing of two lines observed at about 45 deg. was almost half of that of the line
and its shoulder at about 23 deg. Possible cause is that when the SmCo layer thickness is thin, especially,
the Ru interlayer with (002) plane expands the interatomic distance in SmCos unit cell, of which the ef-
fect decreases gradually with the increase of the SmCo layer. When the thickness of the SmCo layer is
thicker than 500 nm, various lines from SmCos alloy are observed in the XRD diagram. The average
grain size calculated from the line of SmCos (002) plane using Scherer’s equation increased slightly from
about 10 to 30 nm with the increase of the SmCo thickness from 10 to 5000 nm.
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Fig. 1 XRD diagrams of the SmCo/Ru/Cw/Ru films with various SmCo layer thicknesses.
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Fig. 2 Dependences of (a) remanent squareness ratio and (b) coercivity on SmCo layer thickness.

The magnetic properties were measured with a vibrating sample magnetometer with the maximum ap-
plied field of 24 kQOe. Figure 2 shows the dependences of the remanent squareness ratio and the coercivity
on the SmCo layer thickness, respectively. The applied field was not sufficient to saturate the samples and
the magnetizations in the magnetic easy axis at the maximum field were in the vicinity of 400 to 500
emuw/cm’. When the thickness of the SmCo layer is thinner than 200 nm, the squareness ratio and the
coercivity in the perpendicular direction are larger than those in the in-plane direction, which correspond
to the XRD diagrams shown in Fig.1. When the thickness is thicker than 500 nm, the squareness ratio in
the perpendicular direction is almost the same as that in the in-plane direction. This result suggests that
the critical thickness of the film with the perpendicular magnetic anisotropy is 200 nm in this study.,

3.2 (SmCos (100 nm)/Ru (5 nm)/Cu (5 nm)/Ru (5 nm)), multilayer film

It was found that fabricating a thick SmCo layer with the perpendicular magnetic anisotropy was dif-
ficult. Therefore we attempted to prepare (SmCos /Ru/Cuw/Ru), multilayer films, since there are lots of
reports , such as the reference [6], that the multilayer structure suppresses not only the columnar structure
but also the grain size and promotes the crystal orientation. From the result shown in Fig. 2, the thickness
of the SmCo layer was determined to bel00 nm. The cross sectional SEM image showed that the
Ru/Cu/Ru tri-layer separated SmCo layers clearly. The XRD diagrams of the films with the total SmCo
layer thickness thinner than 600 nm showed the single diffraction lines from SmCos (00/) planes while
the diagram of the multilayer film with the total SmCo layer thickness of 1000 nm was resemble to that of
the SmCos (500 nm)/Ru/Cu/Ru film as shown in Fig. 1, indicating the film was the (00/) preferred-
oriented structure. The average grain size calculated from SmCos (002) plane was about 13 nm regardless
of the total SmCo layer thickness.
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Fig. 3 Hysteresis loops of (a) SmCo (1000 nm)/Ruw/Cw/Ru film and (b) (SmCo (100
nm)/Ru/Cu/Ru));, multilayer film.
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Fig. 4 Dependences of (a) remanent squareness ratio and (b) coercivity of the multilayer film on

SmCo layer thickness.

Figure 3 shows the hysteresis loops of (a) the SmCos (1000 nm)/Ru (5 nm)/Cu (5 nm)/Ru (5 nm) film
and (b) (SmCos (100 nm)/Ru (5nm)/Cu (5 nm)/Ru (5 nm)),, multilayer film. The shape of the hysteresis
loop of the multilayer film is different from that of the SmCos (1000 nm)/Ru/Cu/Ru film, especially for
the remanent magnetizations. Figure 4 shows the dependences of the remanent squareness ratio and the
coercivity on the total SmCo layer thickness. The squareness ratio in the perpendicular direction of about
0.75 is little dependence on the SmCo layer thickness while that in the in-plane direction increases with
the total thickness. It implies that the degree of the crystal orientation in the SmCo layer decreases with
the increase of the number of the multilayer. The coercivity in the perpendicular direction was almost the
same value as that in the in-plane direction when the total SmCo layer thickness is thicker than 600 nm.
The maximum energy product, (BH )., of the multilayer film with the total SmCo layer thickness of 1000
nm was about 4.6 MGOe, which was larger than that of the SmCos (1000 nm)/Ru/Cu/Ru film of
2.8MGOe. This result indicates that the multilayer structure is advantageous to prepare the thick SmCos
film with the perpendicular magnetic anisotropy. The reason the multilayer structure is superior for pre-
paring the thick film seems to be in suppressing the increase of the grain size and the growth of columnar
structure influences. To clarify the crystal structure, it is necessary to observe the cross section of the film
by using a TEM.

4 Conclusions

In this study, the dependence of the magnetic properties of the SmCo/Ru/Cu/Ru film on the SmCo
layer thickness was studied. It was found that the film with the SmCo layer thickness up to 200 nm
showed the perpendicular magnetic anisotropy. In addition, it was clarified that the multilayered structure
was important for the increase in total thickness of the SmCo layer with the perpendicular anisotropy. The
SmCos (100 nm)/Ru/Cu/Ru multilayer film with total SmCo layer thickness of 1000 nm exhibited the
perpendicular magnetic anisotropy and the (BH),,,x was about 4.6 MGOe.
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—LERETD. LT, ARROME, Bl
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FEWRE, LTI SN AT L Tl RS,
51 #E

AKTT v b T F+—Ahix, LEBEMENREEOD
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IZBINT BHRIRT, AL IA—F LD TH—A
L AT R 2 A 2 MIME, 3bbIERiERIEE 4
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W5, FEHEITH LT, HLBHENICRIATS ICT
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ANE LTR—ICERET A Z LT, FEBNEOH
FEREE AT LRV, ARG R a A > MfEDT=
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HTORBGITHS. FIAITIE, 1SRy —
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EENA) LAV REND. F¥ra A2 MMEY—L,
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LUFD S FETHD.

() VA4V FT e A BT 2—ANDA A—TT 7
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DEIR—AA A=z L GERRENS IR TH Y,
R—RAf A=A 3= A EhBA A—TL LT
BHINS. ))D@FE THFERRL LToarT
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L, AT UV ERA I TR EPHAEN FFRa A
hELTERESNS.

53 7—XTI9F~

BET T v b7 4 —24iE, MVC(Model-View-Control)
E7 0L LTIE, DSuthers O #2 58/420)12
BT HBRELER & Sy Bl ER L A RA ST —F%
TIFx L LTEHA LA H4IZ20BE LR, =
AT — %, BRI 3 SOFEEmARL LT
DI AT v VB LT TH S, FFERERAEIC
1%, FhEh MVC BRIt SIS, — ik
A7 =y b LTOD Model BEHEDNENND. %ﬁ
FIRATOEYE, /245 Control ~DA 2 | -
— & P =% LTM@%@%%XE?D_F#?
A hEhB. FHEEINDHTFT—H 13 Model 7—# Ti37z
< Control ¥—% DA THHTI=8, v hT—r Al
13 < 7225720 . Eternal Model O#ERFES X O
Control I#{ZIZi Hob ZFIFH L7-. &=, 128 Y—
TILPW D ICT BRI FE LRV R¥ 2 A v %
FHL TS, JVM BE[#ET5 0S ThHiu, % 0S
FH INI(Java Native Interface)ig %/ L CENEhOFE
FIHAD Model 75 K = A > hOWRIEA AT D

54 HRE

AKTT v b7 H—LOKREIY, WAl TA%PAT

) ZE BB LI FEERT OBREORL BT, ¥

T |
| View || Control s

E4 #RETS7 v b7 +—LDMVC EFIL

a AV DT 7 Al BB L= Egihi i T OREE,
ia‘cttﬁﬁ‘xb—jﬂ“&%’ F¥a Ay MEBHEABRK LS
RIESGHE I OBELEENS. REREEIIL

Fa) 6 FRORRER P L 7-.

(1)PW,/CW DIFFERMEDRRE

2 PW/CW ~D FF¥xo A FORYIAR
(load _into)

(3) PW,/CW TP F¥ = A2 FOMAIRY AR
(insert_in, refer to)

4) PW,/CW 0D FX 2 A 2 MOk 2 HE
AZTF—HFORM

(5) F¥ = A2 b OREEEFFR L US Ki(store¥ to,
refer_to)

(6) BRI T D EMFHERRORE

b 6 FEOBSREBIE A X 5 (o~ d. K56, X1
OHEREHRE LU 2 \OR U ERM OB EARR T
T b7 A—AISTUIDELOTHD. WaEEL
TV bBIUEAMEEFT7 Vs R E LTRES
ZY T —LDITAT v h2—T 4 VT 4
(Lapchat & FFT D)0V REN TS,
B PW./CW OfFfd@fEDE :PW,/CW OIFERLEME:
Tid, AREND ¥ oA POkl & HIERHER &
ERTET S, X5 P)OENERES V4 T o — A%
T F¥a AL hokfibeld, Etemal Model %
VNI Model PIZ R AV hAFR L, FABHE TR,
TRPH F¥ 2 A FOMEREES LIFEERa S
T b LIRERLIED Ko 2 hBIBERIREL T
ZLEThD. KL UARVEAITIE, FRETHIC R
F2 A MITTy b7 —AlZL Y BESES NS,
HIUBRHERR & 13, = LIFEE

i &

F¥= A2 hOIEREE
PISND T N—T A 2N K D454%D B2 A v MR
DOABEERET D Z L THA.

B PW,CW ~D F¥ =2 A2 ROV AR : BFBH
R EDT 4 R e L BT 2—ADA A—,
52 1R L7z %E PW,/CW ~HuiAde. BL0iAEh




A A=V RFa AV Ve LTIRES Ty 74—
LOEHRRLE 10D, FHEWKEOT 7Y r—a
PNIHFRBREA T V27 FTHD. TheDFTY
=7 DA VARB APEFEERRIAHET D L L
bxB, TV r—arCEREND R¥a AV B
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B PW,/CW HITOD F¥= A FOMAERY IAH :

CW ~HV A FTHERR PW D R = A2 b, 52 1R
Lt BIOEERIIAT Ty b7+ —L ETER

SNEAFEOREE LTO R Ay METHS.
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B0 AR AIHEAR CW D Rk o A 2 b, i@FEICARKS
ni-HAAE Y IZHE 7 N—THIYHRY b U(GR:
Group Repository) &, FRAEHEITHOFE THRES LTV
%4 GR ONETHS. GR 15 PW ~DOHY AT 4.2
TRk L7 refer to BEAEIZ 37 5(1X 5 P(3)BHR).

B PW,/CW D R = A > Mk Hiflifg g s A
ZF—2 O . R oA b EFN~OREEH &
1% Model N CIEBIERES NS, EDT8, K¥ =2 A |
DI, HAVTEEIFROADFH S ARETHS. X
5 MA)DENGREA v 7 = — AR

B =AY MOBBRRRERS IO RXa Ak
OEERT, HiE7T—2 Lo RNENEE L2 A 2
> 7T Model RICiRFENS. BT —213K7 7 »
F7A—bLED FFXa2 A FELT, BIOCW ~DF
WA, TN—T A 3T HFEED PW ~OHLY 1A
(BLUOBEERTHRETHD. iz, RFFEShi F¥a
Ay M, g oFEB c B TR FERS A b T,
TN—T AN X > TBRATREE 72, Ziud 42
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B R D R EREIRORRE : R o3 D b
[RBORELIE, F¥Fa AL FOBEEY R h~DiB,
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RETHILTHAD. ZOBE, CW OEMHIZLVED
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v ME—R bk R o A R ERD, EheD
7 7 AR IR FHERR Clde <, CW DIEPEIZ
LoiiEEhs. [5 PEODESIEREA v F T =—
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55 EHRINSFEE
AKTZ v b7 A—LTHEHINDFEI, BAFE

Collaborative Workplace Mo

K6 FHINLZFBAA—Y

SRR — RO 3 RETh S, KelcZhb
EIRA LI258A A=Yk T, AT ERERD
LEPREDFEB7ER L USHE A~

B FANFEY ATT v b7 a—LEENGRERAOART
g oz dizky PW ELTHRIIT S, 22T
1 FBREDMENDFBRE L LTO R 2 A ot
SYERE L B AT 5. F¥ = A2 MIPR THEEH
%.PRIZZ T4 T v MNERNOSFHERE LT 4
L7 b U (RemovableDisk, HardDisk, FloppyDisk %5){ 2
HEXND. PRITAARTHY, X7F7 v b7 4+—L0D7
FAT v M= ETEHLES T L TE R AR
PR e CE 5.

B HHFEE AT T v b7 a— b B R SR
Brsodicky CcW E LTRIAT S, RILTH—
2 L OO AR DMEET DY A IRV AR
FELD. ZOBA, CW AR LI=ShEUsAo
FTRTOFPHFIH LCRED Fx 2 A h~DT 7
AN G2 bND. ZITT 7B ARERELIFLLT
? 6 FEOHERROTIG A4

K3 = A 2 h~OREHERFA]
R =2 A FOETRFA]

« [EEROBENEA]
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F7z, Rz A2 MMEBR L TORMEREIHEY
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AV bADEENFTRETH 5.

WIRFE T, FFa AV MBEEKT Ty b7 —Ah
o — NI b GR CEEENS. ZZT
13k 3 FEOTT AN ER, SRR AR REL 72 5.
Thbb,

1) =T A NZED GR I R¥a A FOEER
GBI HIBR /),

2) IN—TA 730D RP WD F¥ 2 22 M—#HD
VTR GR (2B,

3)GRHD ¥ =2 A N—iHhd D NERRR)E 7 NV—T
A SADRPIFFTHS.



B 57 —FFEE BREE BV TGRAD
R¥a Ay haDT 7 AL HIET 2 = L CERE
na. Pz, —HFFEROETERAEYT2%8S
M (LML, #ERSINE L 5)05% 6 LHMEA
FRENCE VML= PR & GRIZABAL, bdo 6 &
DT I AMeRT<T OFF DRFEL T 5. D LT,
FIRHRSEE L L CON—T A 7 pE 8 o s
BHZLET, —FFBEHPEY LD, —FEFIRVT,
FEEIBVESINE DT A1EH %8~ @ PR 12
RETHZENTES. 4D RP IRELIZLTT
S T—varE Bz B ETENEND ¥ A |
H OO ZE>THEIEKL, bbb HBOEF
J— hERREEL TV L.

56 HifFEhDR

RETT v b7 +—LOEBEHFDRE LUEHHEh
RELL MR,
| ESEElinps

A DETRI Y — AV ORBIR - FEEL, B Y
DFFa2A b 0S BLUT 7V r—a A0
Hib7Z2 LITHERR T 5 Z L 3ATREL 72D,

« REAT 4 T OHEIDDIR  FEHEE, HOOE
AT AT T BB HIODOAT 4 72 HEISER
THIENEREL 725,

- AEFEOFME . F¥a AL boILg L HRF L
NI 570, HOOREE 0T /57— 3
ATEENFIREE 72 ) H ORI 5.

< FEA~ORGORN : BED KEx =2 A MR -
DT B E VS TATAIZ L VEEETL TV 120,
El%x DFEREOFB~DREDY HT.
Wl h R

*PW/ CW ~DES R F¥ =2 A PRV AH
JVM(Java Virtual Machine) 3 8i{E$ 5 OS (2B T, @
A4V RY A F T 2—ARIZETRENDSTTOT
TV or—alOA A—VEYARNAREL 2B, R
Fa AL FOR AT, B IAZY—/LOfLHE), IR
NIARTA v Ry OER, T iAROf R EVT= 3
AT o P CHERIND.

PWCW & DI TOI—AL A R a A2 MAR
/M fENTEBWTE, [Fl—0 JVM _EIZ PW,/CW
EERTHIET, Fov /& Fay7EEZLY,
PW,/CW [ CO F = A NEEINERIND.

* R A RY—2ADFRHE Rra X MEF LD
MM : R A "D —ARZ7ANELHTAZE
3= a SEBOEMS RS ZLiThb. #BET
ETHE, FFa Ay hY—2TERE, FFaAr b
A RA—VEMETHIET, +VIFN— 20

LS 27 DFBR L EWREE T 5.

« Rz Ay MEREORTAELY U D A T—4
TH  EPER LT X2 A B THADD . HEDN
DUFALTE X2 AL M THDON, FOLkH7HE
TAMENZLOTHY, ZOBRZED L S Leiian
RENT=Oh. TV oFHE A LT —H L LTE
RFa A MUFFRETHZ LT, R AL MEE
DFTAHEZRRE LoD, FERA L Tu<.

6. IREBATDREE

AETIHEREMT OB R Z . REEFFIL L
T2EOERFWIETS. ZZ T3, Bkl
5 GR/PRAD R A2 MM, BROENRGIZHT
HBMEEUIEH L, 42 Tl~7-#EMshEs L U%:
iR E E2RT 5.

6.1 FEHl1: EAFELHRFELOESE
MR 2006 54 A XV, KBz Difkggic
BWTAT 7 v hZA—L&FH LTS, &L
THRBE R THD. FREMIA44THS. HH
B 1 E] 1 [EIOFESIERIL 90 5 TH Y, IBE 30
BIOHEFREER L. ZHHOHEROPT, 11 [EOA
7T v b7 =AML DFEERY AN RS
%, BN Y ¥ 2T AR A RIRESOHYE L i
HEEORSTE L. 8B, EAYE L ey
& BMBEDRT-AZ A N ThD. | LOFEENA
BOBEIRBIIDH ) ¥a T LEHFTS. hofs
B, MHSNIZA Y ¥ 2T LOF| S L SGES 25
LT, ZOXIREEEEL T, dEshizhY
Fa T LEMETHZ LR ZOEREOFEHANTHS.
FEOKS, BIOEEDSFIF LR o,
ERREN F¥ 2 A b2 K 7 1051
WSRO : 11 B OMRIZIBNT, ARShiz R
Fa A FONELE, BLURFa AL bOBHE
¥a& 1 IORT. SEAECCW TIESh K=
A2 FOE(GR) T 7Y r— 3 FEkE(types) & L
TS, £/, SADFEBNE DK PR DAL LT
¥H(Total), GR F¥ = A MR L= L CRfFEN
72 R¥ 2 A2 MI(Modified) &, LARTO##ETER LT-
K= A 2 hEBROER(Referred) & %75 LTV 5.

IR CIIFAED LFEAEA LB ) F 2T A
A LT, SR ORISR E CORIZE
T 7 r—a EEBat, S RFa AL b
LLTT TV r—2aViphEBEGRIZRF 2 AL b
ZHLY 3AI D> Nload¥ into), H V¥ 2T AEKE LR
Hllc. ZOLH 7t To=0, BOHHEATHD
BID PR F¥F= A ML L7425, SBHELUOSES



(a) students in the seminar room with
their PCs

M—'H s =

(c) published contents into the GR
from Student-

A

| —EEssEmEE A 8 e

(e} content in the Student-B's PR
(some annotations are added to (c))

. (d) content in the Student-D’s PR (f) content in the Student-C's PR
(b}-a screen of students’ PC {some annotations are added to (¢)) (some annotations are added to (¢))

7 1 ToOFEER

FII GRIZAENZ FF¥ a2 AL FEFHD PR IZH
DIAA T (refer to). & LT, fRG~OHEMNE
Z OEETHER LoD, £ HOERMHEE~DEIEIZ
JGUT, A MERE PR AD R¥a A2 Mt
LTV, FOET, F¥a Ay MEFEKRPRICHE
7L T < (store to). ZAULHaEFE O TR S
5. 7 A0 3 EOHETIE, ZhE COHRERIE
LTWa. ZhHoEITE, Flsh/z GRIBLUPR
ND RF o A MBS TV
WEZ22 . £AVHHO PC 22 LIz
FZHBBFCHIETD ICTRENEDEFAT T »
k7 A —ATHAMAEN=. FIHESNET Y r—
aF6 fCB LS. BFHEMEGIET DT Y
—a YEFOFRESERL, TN TATREaA
vy RELTRIRENT. # 1 BO#EFETHo 127D,
fElDEIEFF AR OB ROR Y B>, £
D133 1 1 PR @ Referred 2R SN T2,
LEREDET N A 8IRT. | | ORI,
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Referred & L CHINA. M9 (24 1| DFEH#RICH
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7=. Referred SR & 1%, 45 PR O Total 425145 Referred
BOERTHD. Modified BE1E, % PR O Total 2T
%95 Modified £t0OEIETHSH. 6 HRETD8EID
BT 2 ADFEENLORAEMOFEE DX

F1 HPI BT 5 PRGR AD R 2 A M

P i fTuluJ_ffklmh-[tlvi:flt(-lt-rr'ﬁIJ
date | tvpes® | GH A 5] [& 8] tutor
1731 S5, PR & B4 (87300 [8/5/0 |- Bf4/0

TE
1/28| 58 9 107471 [ 10/3/1] 10/5/1] - 10/5/1
s/2[ss.wWB| 16 | 1T/3/ (1740 177471 - 17/5/1
5/19] =55 3 5/472 [ 5/3/2 |6/5/3 |- 47371
572G 85, WP |11 |- 11/3/0] 11/4/0] 11/6,0] 11/3/0
6/4 | 5S. WB|3 17471 47471 [6]6/3 [ 4721
G/16| 55, MV |5 /a0 (67471 [7/6/2 [ 6/4/1
FENES 6 |- T/A/L | 77471 | 7/5/1 |41
7T |- 6 | G/0/6 | B0/6 |6/0/5 | 6/6/6 | 6071
T/14] - E] 5/5/5 | 6/0/5 [ 8/0/8 [7/0/7 [5/0/4
T/2L[S8, PR |6 | 6/1;6 |7/1/7 |6/1/1 |6/2/6 |5/2/8

TE

# SS:Spread Sheot, PR:Presentation. WE:Web Browser,
WP Ward Processor, MV Multimedia Viewer, TE:Text Ed-
itor

Linux S 4 & windowsOS AL ST ST TREL 2.

E8 M | ToFEEAE

Mo ClkEd . SR OFEITENEL4 [EH D
OFEFHRAEY L. SAZHE WA TOEET T,
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5. PR0IEY ORI, BEMESIE-CHIEYEIC L
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L&, PR 2 EER & B TS,
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2T LEZOFRHERAERT S, RS, HVX=2T
LEEMAT D ECHEREMERRA SR LT,
BE IR ENT-HPEFHCRSET 5 web ~— AR
L7209, AU X277 AOEMAGIEEZER LY Lo,
FHD PR IZKF 2 A FEEHELTVL. EHIT,
BERNERR BRINTBERT, BB OET
IZHEW GR IZABI S TUL .

6 [EYOFERICBVTAER SN R 2 A2 O
BEFER2ITORT. SAIEIRIRTZy b 74 —A
FRHL2VHERTHY, 2 EHIZEEIRSIE S
O TROMARFFLZ. 8 H3EAL 2 A3 H
D 5 BENEFRBNINESE(ENESINGE L 2543
PERTZ v b7 r—LEFA L. BFRAEIZGR F
Fa A MOBERVAENT 7Y r— a L,
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(a) computer room
(all of students’ terminals are Mac OSX)

(c) an original contents in the GR
{published by the Prof.)

(e) self-made contents of Student-i
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(b} screens for the Prof.
(WindowsOS : right, MacOS : left)

(d) modified contents(c)
in the PR of Student-f

(f) self-made contents of Student-j
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#2 U2 (21T 5 PRIGR N Ko AL R
GR P [0
date | types® Total/Prof. /Std. Learner’s 1D
ER TR G RERE Total / Modified / Self-made
8/20 %
8/20 | PR 2572570
&/31 [ PR,WB 26/20/6 A b ¢ d e I £ b
TE. 85 O EMH 31/5/6 30,8 /4 9/4/0 6/4/0 19/5/4 23/3/2 30/6/4 22/10/0
IZFF2A2 R [ i < 1 o n )
L 6 ¥ | 25/5/0 17/7/0 | 26/T/2 | 20/8/2 | 26/20/6 | 167470 | 12/5/0
2/26 | PLWE 50/35/15 £ b c d o f £ h
WP, 88 | PEEEC LB [ 42/35/7 | 30/31/8 | 25/20/4 | 20/15/4 | 3v/28/9 | a0/a2/4 | 44/34/10] 30/36/4
DEFa2ALRD i j k ] m n o
M (15 #) | 40/35/4 | 30/35/4 | a0/32/4 | 35/30/4 | 3973574 | 44/35/4 | 24/20/4
2/27 | PR.WB 14/10/4 a b e d @ r g h
MV, 88 THREE 30/10/20 | 29/10/15 | 22/10/10 | 27/10/16 | 28710718 | 30/10/20 | 28/10/15 | 43/10/20
M AEMT i i k 1 m n a
PR ki 28/10/13 | 15/10/5 | 2071078 | 28/10/15 | 23/10/13 | 27/10/15 | 33/10/20
2/28 | PR, WB 50/5/15 a [ 3 d o f £ h
MV, 3% PEEAIL GR | 31/10/5 | 302008 | 2505/7 | 22/17/5 | 42/8/21 | 64/50/14 | 50/32/16 | 35/19/14
ADFFa AL [ 3 k 1 i [ [
IO - AR | 12/22/17 | 25/15/9 | 65/50/11 | 48/35/13 | 35/23/12 | 30/14/15 | 47/33/14

# 55:5pread Sheet, PR:Presentation. WB:Web Browser. WP:Word Processor, MV:Multimedia Viewer, TE: Text Editor

windowsOS @ AL MacOS B A EANRTSRETHEL .

B 11 I 2 TOEERE
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= BER N Modiied &

m ________________
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~FBE -FEFE -7 R —FE i
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AN LRI

X 12 S5 2 COFERTARHN

/HETR BN 3B L T=3(Prof)/“#EE A L
7=E(Std) T 5, FlziE, 831 DGR IZ26 D RF=
A2 MRS, £OWRRIZ 20 R = A > & #40
BBIEDARE, 6 F¥xa Ay MFRENRAB LT
W ETs, 1SADFEBEDOEPRONEL LT, &
$(Total) /GR K= A v ML Lz ECIRESh
fo K3 2 A 2 M(Modified), 8 E B4R L
72 F¥ = A 2 F(Self-made) % 7= L7=.

BB ETERETOHEBThHoI-1-0, K7
v h 7 A — LA EYRECES LR L35 Th-
7. REEORTRE BE L CEETMERSIE S

WML L TART 7 v b7 —L%FIH L. 58
FIH LT, A7 T v b7 4+ —LOF AishER-$,
FIRHM IS AIC TR .

FRRREOTT VK 11 \TRT. ZOTTF VRS
I%, PR ~D load into, 7405 Self-made ¥tk LTH
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