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ABSTRACT

Controlled Ca impurily 1mplanted mner crack-hlke pore in the high purily alumina single crystal, sapphure,
had been created bv mcro-fabrication techmque, which includes won implantation, pholo-lithography, Ar ion
muiling, and hot press technique. The moiphological change and the healing of cracklilke pore 1n Ca doped
high purtty single crystal alumina, sapplire, during high temperature heat treatment in vacuum were ob-
served using optical mucroscopy. The dot-like surface roughenuing was developed and hexagon hke crystal ap-
peared o nner surface of crack-like pore after heat treatment Bar tvpe crystals, probably Ca0 - GALD,
were observed on the mper surface after 1 hour heat treatment at 1,500°C, but this bar type crysial disap-
peared after 1 hour heat treatment al 1,600°C This disappearance means that there should be a little in-
crease of Ca solubility lmit to alumima at this temperature.
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plantatmnDﬂ 2514 sapphired] #H W52 AFA7]
Ca ion®] #19 F=& 2= 150-170 nm Ze]2 24
2} AR et e= gy

3.2, Crack-like Pore2| ¥&2|0 [}= morphological
evolution

2 A490] Al8% hot press 24 F 7%t 8t

T L300CAA [0MPag] = er 2tz 1474
2417} hot press5t9 2(normal inner crack-like pore),

2 3hlE 24 218 22187 915 1.300°CH)
A AL HAEE 2 O, 1L,300°C A 10 MPas] o
Heoea A hot pressstdti(o]st, once opened
crack-like pore). ol% Z} EEelA A2 E FHA
eLchingEl AlE NS crack-like pore®] GaiE|e] wh

£ healing rateZ 48 @uld oz gabsigoh

Fig. 55 24 7|3 4% $ydla 92 masks}
jon milling® 2 THE crack-like poreZ 3% HojAe
2 BAFE ZAelch €2 maskdiol U o]
2 E etchinge] Heol $ia-& & 5 slt}h Bonding®]
ey AEE e guge Frgoz #ARg Ao
lithography® #3417 poreliiol I 28] FE3L]
A g8 Ao Wg 952 o ¢ ik o]HE
¥ cracklike poreg] W52 AHeA e R o) 41
ge) dojyde gx Ahllao g E7)= g oka] =
ol ez Yol Hadolr),

Fig. 62 bi-crystal® B4A151 AH-E 1,400°ClA
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Fig. 5. Photograph of etched by ion mulling, and hot
press honded sapphire. The direction e 1s [1120],
and g, [1100].

FAIZE AT b5l B AHE] inner crack-
like pores] @) Almlolc), o[ZA] 1,400°Cel A 4|
T+ A2 g A g crack-like pore] QF-dellal A
o BHe]x Ha o] surface rougheninge|l Eelub=
AL FHY 4 Yot 91AL Cagl implantatione] &
gto] A7 Ca lono] EF0Y W59 pore EH
segregation®] = # Aol vl o= 915k Ll
(0001) Fe] o] M o o] e ekA] @A =317
o2 o 4= glch ofF o] grty, of#
surface roughening 842 Cas| segregation®] grain
houndaryel FFHT= H. L. Marcus® M. E. Fme2]
H3Pe} W% Agko|zta zhECh o3 1,500°C
72 (0001)H 2 el e Cad) segregation d4e] o
AFA @okche S Bak? C. L. White”oll =& 21
de OE AES vehle A3 Relaldl, (ad

Fig. 6. Photographs of surface roughening appeared aft-
er 1 hour heat treatment at 1400°C. Surface
roughening mostly disappeared after consecu-
tive heat lreatment at higher temperalure. The
actual size of this micro designed rectangular
type wmner crack-like pore 18 200 m < 100 o >
0.165 nm.

31537

il

segregation©] (1010) prism plane ¢t (0001) B
Zol, 4% U 3e] ojr 549 Turohs, oA BEE
segregation @49 gram houndary & 9} FAME
pore?] mner surfacest -2 AlHo] 4 =77 wjFo
dejiles dAAdez A4Ech =g of#l surface
roughenng A4S CaZ 200 ppm H7Mg AlH
crack-like poreclld] 2 @4ba] gha] dAEE 9, 50
ppm A71E AlA e ALele A AZEA ghglont
i crack-like pores] W4 FHe] 22 H(dot)E°]
M= 58 28 4 9} o] surface roughen-
ing P47 dote] HA4E 4FUe] mirmsic beha-
vior#}?] BTk Ca?l segregationel 2|3 Ae=z 4z}
3= Fo] glFalt). wofA, el eg njfo] Hel, 1,
400°Ce] &&= o] dErvte] did Caol solu-
bility limit= 223 50 ppm ©]5HE Aoz FHETh
a3, 200 ppm2] Cag FH7H ALl A sur-
face ronghenming #-3-E 1,500°CeliA & A3 28
oo AR e dS g 5 slgdnk 28
gk, L300°C o14te} @AM A%

a =0
3}"1:‘ z\i“it‘

o} 9lglam, Cael #7MEe] 50 ppm, 100 ppm, 200
ppme® FeoldeE HuAas g Zo] Wolgle AS

o 7 2liTh

Fig. 7-& 1,400°Cell A EA)3E AA 28 AlE 2] crack-
like pore YH2oA4 #ZE hewagon-like crystale|ch.
°| hexagon like crystal- 2} H-& hexagonal axisoll =
9l <1100> directiong uhbs ol Wk mals))
AED 1E5E 4 7 9k mEbd, o] hexagon like
erystale] A7 We {101x}Y Aoz Pk o#

hexagon hke crystal2 447} hexagonal close pack-

Fig. 7. Photographs of hexagon like crystals appeared
after 1 hour heal treatment at 1,400°C. The
side of the hexagons 18 normat to the crys-
tallographical axis. The notation of direction e
and g is [1120] and 111001, respectively.
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mg TEE 2 ERuue A 25 (intrinsic) #4S
2% B4 & U3, gE TAE ) P2 A
Hsgh ez g7beEch ok oS #dd Ade
hexagon like cavitiesgch. =3, o] d42 S, Baiks
C. L. White”] ®32% 89} 2] prism planes]4 an-
isotropic Ca segregation @78l 2]to] prism plane®]
bR siEe] dojus Ao 2T FMe 5 glvt, o]
H4E B A 8s] 9E)] 85ked hi-erystals oA B
2 3k2] hexagon like crystals A3 Az dlga
AR S2e] Anst E3L, Ar on millingsl] 28k
HA4H crack-like pore?] depth”} 0.16 pm=E Lobr
©] hexagon like crystals 24 #&sl7)= B 58A
oh 2, o] AL el Cagl Hrlakol] wlels of
&2 dFE 2718 AYz Adgen, 3 2w
Ca®] mplantation amount?} ¥2 AlHeA Ro} & 2
Aol Q=T AL FFT ¢ UM o] FFe] 2=
2 Casl F7tee] mbE 279 Wil o]ox] = =i
A 2pA5] A slaa) g,

Fig. 82 1,500°CelA ghAl7r @A 2lgh A9 crack-
like porecll*] 4% har types] AAalr), o) AHE
Ca0-ALO; systemellA] & L&z Ca0 - 6ALOS 275
o2 By}, o3ld MM Zme) ikl E
Ca7t drFaptel T segregationols Lojdes 8
Aeln], wzbd, 2o BR o &8s Cax S
Bail#} C. L. White™7} 238+ u}s} #o] prism planes]
anisotropically  segregation®71%  31E)A1%F,  internal

-

pore surface®]|'= segregation®] 2 He AL o4 F 3l
o}, o] bar type 42 A7} Al A QA A

Fig. 8. Photoricrographs of bar type Ca0 - 6ALO, crv-
stals appeared after 1 hour heat treatment at
1,500°C. The direction e is [1120] and [1106].
These bhar type crystals disappeared after 1
hour heal treatment at 1,600°C.

A AT dBE-S Q5 Fio] o|z ob &
AES] imternal crack surfaced] B2F 0] 4512
28, o] bar typesl dg& 1,600°CelA 7 AT
dAel gt Aol AR A s g BEE 5 9l
o)A 9" bar typeZF o] ©| S22 melting pont
(>1,815°C)o] 3he] 2x¢l 16007Ce] vlud B Erd
A 4 E A AelRle @498 Pes] gl 12
A%k 1on implantation2 2 FA7FE Cazl R0 ®4])
ol E2A E4ste FHe] ot TR} EHAA] o
Z+ 200 nm ATl Zold Edjsla glen, o2 ¥
H|Fo] 3.3691 CaD] HE|2 {0~ F3 segregated v}
3 7Pl E ©, 200 ppmdErkeE A4 fzb sl
F7] F=e] Bald 0334 Fwe| FAE BHL 9
AE2 s e goz vFo] 2 o 1500°Cs
1,600°C Atelell 9lo1A Cagl solutilty limit7F o5 22
o|iial Ale)7F glebd, o] har type @A e] EA gl 2
sl AR = 9lE solrh &, o bar type Ca0 - GAI
0.2 AL 1.600C 24 Ca2l solubilily limit7]
Z7Ib] Hat At e s dEr)
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TEE (000Y) sapplures] BAEE W A-ray
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A Fel2 crack-like pore® THE ThEl 53 k)
Ca mplantation amount® ZHE un-etched sapphire®
93, hot press2 5 29| sapphire® 2gA17] o2 @
Haldle] Ca ione] s2LelM dFnLle] morphologyel
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1. Ton implantation. photo-lithography, 1on milling
2 hot press 52 WEE BEA berystalE B8}
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g2 7135 WE 5 9ok

2. 1400°Cell A & Algt A28 Ald1] mner crack-
like poreslA surface roughening 43 =2 3 (dot)
So] A=Y sl S 228 5 g B3 hex-
agon BRI Bgo] A7Asks AL B2Y 5 el

3. 1500CelA 2A7F dAeg AlHe] crack-like
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