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Ceramic Processing on atomic level
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Modern ceramic processing in our

century concerns with

nano-scale dimensions. Until now, the

integration of ceramics into semi-conductor or metallic devices has been mainly considered for the thin film
deposition on a substrate. Three examples are shown: TEM-observation of Alumina-Iron and Alumina-
Chrome interfaces, of buffer layers between Magnesia and Aluminum nitride and simulation of the Barium-
/Strontium-Titanite interface. These epitaxial interfaces have indeed high strength due to an ordered
arrangement of atomic bonds, but the mismatch between both crystalline lattices leads to the formation of
misfit dislocations. They can leave the interface and destroy the good electric properties of the thin film.
Buffer layers can avoid misfit dislocations at the interface. Three types can be classified, buffer layers
reducing the misfit, the stress or the dislocation migration.

The trend of recent development, however, proceeds towards new processing methods, like the deposition
of nano-particles or the wet chemical hydrolysis reaction. At these methods solid-gaseous or solid-liquid
interfaces the reaction kinetics and the mobility of the interface are becoming more important parameters.

The variety of engineering possibilities increases. Additional to segregation, and mono-layer deposition, now

polarization, adhesion, surface coating of particles with inorganic molecules or polymers are available.

In

all cases the chemical bonding at the interface affects these parameters and their understanding is

essential.

principles of ceramics processing on atomic scale.

This overview article summarizes research results of different laboratories and shows the main

Keywords: Nano-composites, Interface structure, Ceramics Integration, Misfit dislocations, Ceramic precursor.

1. EZ (Introduction)
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2. IE27L+v)VRE (Epitaxial Interfaces)
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2.2. il : MgO EAR_E TiN/GaN &%
(Example: MgO/TiN/GaN Interface)
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Fig. 1 HRTEM micrograph with fitted image simulation and the atomic structure for
a) Alumina-Iron-, b) Alumina-Chromium- interface.
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Fig. 2 Interfaces between an AIN thin film on MgO substrate with a TiN buffer layer, a) Diffraction spots, b) low
magnification TEM-micrograph, ¢) HRTEM micrograph, d) Filtering of the computerized image.
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Fig. 3 The BaTiOs/SrTiOs interface a) critical thickness for epitaxial growth, b) MD-calculations of the stacking fault

formation, ¢) HRTEM micrograph of the stacking fault!5:16)
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(Example: SrTiO3 substrate and a thin
film of BaTiO3)
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2.4. REFRERFESOHIHE
(Geometric control of epitaxial interfaces)
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Frocessing Technigues for avolding Misfit Dislocations
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Fig. 4 Avoiding misfit dislocation in thin film sub-
strates for electronic devices
a) Remove the interface stress by applying
pressure or a temperature gradient parallel or
perpendicular to the substrate, b) In Functional
Gradient Materials (FGM) a chemical gradient
reduces the misfit stress, c¢) Artificial facets
processed by nano-technology lead to a smooth
stress gradient near the interface, d) Amorphous
buffer layers (e.g. amorphous Silica) stop the
spreading of threading dislocations from the
interface into the thin film.
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3. F/EREOMFE (Nano-size Material)

.. FUMBOELEZ
(Main idea of Nanocrystals)
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Soldion > Nano-Crystal Solubian -= Mano-Crystal
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3.2. FU/REREREAE
(Processing Methods for Nano-crystals)
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5 Most important Processing Techniques for Nano-Ceramics-Materials
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3.3. HEBEMILICHAD/=HDF /HF
(Nano-cluster for Functional Application)
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3.4. €T3y URDF/RFOEEESE

(Sintering behavior of Ceramic nano-
particles)
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3.5. fil: AEX VDTS /RFOBAFET— 4
(Example: Thermodynamic data of Spinel
particles)
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Fig. 6 MD-Simulation of Nano-particles of Magnesia,
Alumina, Spinel, a) Surface Relaxations, b) Free
Enthalpy as a function of the particle radius
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4. ENFEKBRIIEDSVTVWSB YT MITHE
(Soft ceramics processing)
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Fig. 7 Interaction effects in the aqueous slurry used for
ceramic processing



TryFY)ve - ELVT) R

LEENVME L, LAuY—%Tl, iMoo, &
] B3 A B 58 S L7z (discrete element method
DEM, ), ZOKEOHMIZ, A7) —TEIZHT
BOMEAEHINCBWT, HEMR A TiLd 52 &
ThHbo
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(Particle interactions in the slurry)
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V=V OREHEDOIRBICEET 55, ZOLREIE, K
T o5, MWEOBERED S OEFMKH, pH i,
B, T, B ST 5. FDRLEAD
MIRNTA=F12E 5T, MEEROWREDGZ V. £
DET7 Iy AMMOHMZ, KB Fiihew
) IRERMEDOIRBIIEE ENL I ETH D,

4.3. JIJ - FILITI (Sol-Gel-Process)

auA4 FiE, FEEINS 2T (1.1000nm) =& A
PEREBREERT 5, ZOWAIZENOINIMHL, K
FTOMEERINE, 77 v FNVT =V ANH 5 VIR
B2 ORI NIL > TR SN S, HESNMHD
B, Zh7T Iy vB#zRTIZE /RS, &
g, F 2 RTAEII A HMA L TS EE R % Bk
Tho Blpol/hNEWK T4 70, Blo 2T
MENDLZENTEDL, VNVFHATHEER O A
N TH 5 .

7747 Iv s AREYRT NI VT O AT
INHDVNIL, EEORMYEZ E ATV LHIRE —H
Wb b, Wb LHTEME, &5V bEYOHHED
T DICHFALEWAS, A oA T, HSHIZ X > THD
BN TODLERD L CIZERMP S Do, BT
RBERE G & o T Al AN 0T, €/ ~<—,
HBVIIETTTH b, FHorFHibkkiE 2 >0
HoTwa, B, I 3Iv s AKT%, EEOEHR
YER 2T 27290125 B HEEZENTE . ROEHD
AT 7T, FAIHEEENPTCVILEST Ay bT—2
ZIERTHETTHY, FLTENIRT 2 BEWITH
Of1T %,

V=V - T ATIE 2 D08 - 12 )3 &
BT HZENTE, FREIRYT—-V—b, oA
F- V= bMEeMENE, BHTOV— TR, RWiT
D EORIIBAEOERICIEICTVE, FTDOREN
Ay FT—=2 3R EN, T I vy ARTIZEDRIC
Witebbo BHELTWD R Y M7 — 27 5 S IRAEIIBER
SNTEARICHIEL, BROKE SIIDS v, 3uAf
K= b CEEOEOGT2MEDNI, X ENERY
=D THEAEL TV 5,

4.4, fHl: KRBTV IZTLZXFZ) —2HVEER
$5 A & B ¥/ (Example: Aqueous AIN slurry
for slip casting)

BUE, BEICR I LWL DIC, 2 200 E%5%E
WD D 5. MOBEROMRD D ITKEREENT 5, K
WIRBICBW TR T2 35, 2hid, & )RFENL
TUL AL ZANF—DOFHELES, T I v 7 AUH
DIz OIZ, ARG TSN R ET %2 &5 ATV 5,
Bl ZIZE NS VBB EILT VI = ARERT 572012
IWHT B2 ENTE (Fig. 8, 30), LT VI =W A
FRVELBERZFOWE T, Lrdy) arbiinik
R ARSI LD, FLWESMEE LTS
NTE7, LyL, k7 vI=gaidkeEn LT
Wi, —RICHEREERE Y W RKE T o 2 TR
Nb, LPLRELIAMINTLIEEDISKRAT
V=l XBRBEIRD LN TV D, EDDIT, AV
RUYBIZED AN ZK2LFY, SHIZTTEADOK
AL L D IR REIG Z N2 5 2 EDTE S,

R Z ) L 72 AIN Z W TKRA T ) —i# 5
FeBat L, $RAARRIEBOML 2 HINE T 5, S 512
Bkl DARET L, BeRsBhA o R O A4 DS BaRS R O3
M & BRI T TR A BIEE L7230, AIN o401,
HAZBUE U THIRRATHE Z 50 MRS T, KT
RNz, FRTroe FaXxi A+ v iib b,
Tk 58 % B 5 72012, AIN EAB 20T 1R a

Surface treatment
Carhony lic asid

[ ]
L]
e Tl

LIE]

Hydrophalic group

" Blise King el canifact
0OH "'"‘_'_ ol water imalecubes

Fig. 8 Aqueous processing of AIN by Surface treatment

with Sebacin acid3”



BEFLARLVTOETI vy ADTH

ENb, SOHFIRTNVAFY RIZET 5. FNEHIER
HRELTELIHVS, AIN OBEROMICT Y B A
BENE, 207D AFY —@ pHHEIZHMT 5. #)
HF %M & X D RWIRE TR SR 2 BHl$ 25 2 &8
T&5b, MWEOBDOAT v FIZBWT, KOs, %t
A Z ), e FaF Y VIETH - 72KED, KIS
LT, ZLC 2002465 %0

— R LN 53 S 72 i B A SIS Tl LG,
B/ X—LIFHINDEREVGFIILRDIENTE S, b
LZDORIEA ST 5725, L) EHICKREVGTEZRK
Bt B ENTEL, SOTOLRIHELGS LT, #
DREREEGFTH bo FEITRKEVWGFITEINED
THERGTEENS, BHR) =5 — )V LI
N, BEWICHELTRKRELL B LNTE S,
HHR) <=1, ERHLMEEOKD LD, FEH
DIEFIED o L BWIFEZBAZ LIHLTHRATH D,
EAKEIWL 25, L2LARDS, W CTOIEE D,
ELHROBRSOENTHA ). ZNHIREL ) TEC,
WS 2Rl H b, F LT, 202 &3 EaE R
DI=HDIZHEHTIE L,

4.5. f5l: €73y 7 XEREOFEESHE
(Example: Metal-Organic Compounds on
Ceramic substrate)

EARSTFEET Iy 7 2AOBOREZ, ML,

FHES TSRS B EED S B DT, o £ ) B

5o Bl (Fig. 9) TliE, ZnO o (00D EKi Eics

WTEHKEER, 7% a7 = ¥ (Phtalocyanine

Metals PcM) O~ 27 B3T3 a3 hiz, @R TV

FY FIERAEBILEMD I V=T D—DTHb, TD

TR, AR TSRS L VISR R T LA

HEINDN, ZOPMAETIE, FOIZ1IDDOEREDRT

by, BREFLENENADORY =)V ) T

KHEhTwb, ThOHDOESTF T, EXER L

Wl & BRIEOFIRE, oD ERH B DT, O

- !.\_ " .'Il'“I ;
PeM” 2700, bt \ 7
5P o® 00 AL

P ?Q. ) |
o “edfd b) ]

Bonding at the edge

e & _&a_n_o b .o 2
i_-rb-l_ﬂ-lﬂ-g ﬂ..&-l.c_l.ﬁ ) B 4
LLT T L Ta o

Bonding at the side

Fig. 9 PcM-ZnO interface, a) atomic model, b-e)
structural models with increasing degree of
bonding between the macromolecule and the
inorganic surface

BoHE, lzIELv—F—KHE7) 5 —T, LT
lt, ML 72 KBE B O YR CEEIC ko 723273,
COHMO72DIZ PcM H5rF I3 L gh iR I & L,
LR TS L7271, F TR T2 O BRALT SR B
&, FLTEECL>THY ELIENTE 5,
FRALHESR O FEM T, FH & &1 O B o 56 IR
X2 4250 EEEDH Y (Fig. 9b-e), FFIZ, FKiEC
L CESTOTEM, i, NSWHE, H2VIiERkEn
WL Zn TS T 5. ZRENRDO 7 — 2D K5I,
PcM B FOZNZENO MG RS TF 7NV — 7,
Bl 2 \THHEREA A+ >~ SOy, RO ZETTE S,
COWEEMHNDFRIZL D EFNEND T — ADFTHRE
ZERT B ENTE L, RO DREBHEM, ST
Xpl, ##iE, TZEHRTTH LD, ZoEEHEO%E
ALK T dH o 720 PeM F5 1A%, Wi LicaT
BALERTHREY 50 20X EIC PeM E5T-75,
WA ZER T 52 &b TE L,

4.6. SHPTFOECHBLOH : Si BB ED TiO, EE
(Self-Organization of polymer molecules,
Example: TiOs Film on Si substrate)

A - EYORES T O HCMMILIE, 5T o8 %%
THILEAEEWT L, ZOBSIE, BIAIZES I
77 =Y TNVT=VATITAi b, BOEGShH
¥R (self-assembled mono-layers SAM, 3430) %
D 729 7201ibNh s, 20 SAM OFHZ, 51 L
NVTAT ) TN K o TEITF OB OB & ik 2 BHIR§
o TNHLOERNLESTIE2 00 EEZ > TWw5 !
1) 77 L—b, BiE LTHEETIE, S5 o
A RS T 26ET 5. ZORBITTES %o L
12, HEVIHARTFOLEER, MTFHOHEEL RS
% 720\ ORF-RIE LICHET 50 55 2) ARG T3,
HE, ABRIRO7-DIflibs, ZOREAEIE, MBI
AEMEHIRIL SN, REBEFHIEI SRR, Bt
I v ATELT B,

ZOHCHBILTOET I v 7 AMEE OB, X
(Fig. 10, 31730) TREN B, 4 1 BRI ARRIAD HS>
TRONBTH S, Si100) FMg i b vz v KB D
HFIZHER L 2955, octadecyltrichlorosilane OTS & \»
I ERSTFIE, Si100) g RICKET 5, BFESKT
IKBOGAEZ Y, Si- JEFAER LICHEEs b, &
B EICHKE L7- B ORI 2 7V, octadecyl-, &
%\ it phenyl- B9 O D LD, T OHFRMA - HEFRE
BRRHI RIS 2 BeBE T UV oL TlRE S h, 2 K&
RS S N7z Hik Tld, Si-OH #5462 KE3 5 o % 1T
%90, BESh RV TIIZEEL TRy, 2D
AF N, octadecyl-, & %\ iX phenyl- FT3ZF0F F
ZAEL v CORELOMTIE, lum L0 b - & B
POSTREEORA E T ) T EHTE 330, §3B
BcTidt 3y 7 Z2HBEAE # 21 Titanium-di-
chloride- di-ethoxide, TDD ®HTHTH %, 1 D DK
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Fig. 10 Scheme for production of structured ceramic layers by using Self-Assembling Monolayers of organic substances on

Si-Substrates3t36)

T2 H D5, (Ti(OCH;)OH)) AR S5 T % 2)
AR LR ISR S 50 IE 120CT, Sz
L, 7% 51 RN ED Si B5 T ORI %
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AR L CHERS 3R %D, eIy s
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B2 RESEEIENTE 5, 5)
5. F&® (Summary)
6)
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