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Abstract High temperature electrical conductivity of Aluminum Nitride (AIN) ceramics sintered with Y,0; as a sintering
aid has been investigated with respect to various sintering conditions and MgO-dopant. When magnesium oxide is added as
a dopant, liquid glass-film and crystalline phases such as spinel, perovskite are formed as second phases, which affects
their electrical properties. According to high temperature impedance analysis, MgO doping leads to reduction of activation
energy and electrical resistivity due to AIN grains. On the other hand, the activation energy and electrical resistivity due to
grain boundary were increased by MgO doping. This is a result of the formation of liquid glass film in the grain boundary,
which contains Mg ions, or the elevation of schottky barrier due to the precipitation of Mg in the grain boundary. For the
annealed sample of MgO doped AIN, the electrical resistivity and activation energy were increased further compared to
MgO doped AIN, which results from diffusion of Mg in the grains from grain boundary as shown in the microstructure.
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Fig. 2. TEM images for (a) 1Y, (b) the enlarged image of (a), and (c) grain boundary of (a). TEM images for (d) 1Y2M, (e) the
enlarged image of (d), and (f) grain boundary of (d). TEM images for (g) 1Y2M-A, (h) the enlarged image of (g), and (i) grain
boundary of (g).
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Fig. 3. EDX maping images of (a) 1Y (refer to Fig. 2(b)), (b) 1Y2M (refer to Fig. 2(e)) and (c) 1Y2M-A (refer to Fig. 2(g)).
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Fig. 4. (a) Temperature and time dependences of the elec-
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(b) Electronic conductivity with respect to temperature for 1Y,

1Y2M and 1Y2M-A at 100 V/mm.
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Fig. 5. Complex impedance spectrum spectra of 1Y ((a), (b)), 1Y2M ((c), (d)), and 1Y2M-A ((e), ().
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n 1 1 1 1 0.96628 0.80407 1
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Fig. 6. Grain and grain boundary conductivities with respect to
temperature for 1Y, 1Y2M, and 1Y2M-A.

A AN e Frreith 53] 1Y2M-A2] 7
F Fig. 3(cPlM & F A= AF o] Annealing ¥
Mg7t gUl= ght=len, o]Ae] YAAES ¢5 T
Z7MZ Aow zHect

Fig. 6olXE= Squlel iAle]l A&s welste] 2%
e A7|HEES FAlelal EA43) oURE Feiich
1Y2M AlE9}E 1Y2M-A A9 79 uie] A7 |Hes
o] A3} AdUAE= 0.264 eV 0.163 eVolAL, 1YY
A3t AR 7T 22 0.62eVe] S 7RI AT
ZA43t oUA7F 1Y2MF 1Y2M-A%l F718 Ao
MgO =] 23t oz AYZHTh 1Y AlHe] A3
£ A A3} olUA7} 1.184 Vol 1Y2M, 1Y2M-
AQ] 739+ 1.252, 1.387 eVoltt. 1Y2M2] Al o]
st A3 duAI7E Sk AL AL AEdE Mg
7t iAol MEEY] Al F=9] olFol] tigt REF] A
He ST @] oAy vlAlFR B4 0A
A= Aol Aol =2 A IFo] AAE
oJujgitt, Al 1Y2M-AdlA AIAZ ] o F7}e}ar,
A3}t oUA7E ¥ F7FsE 21 Annealingell ©J3iA]
Mg7t 9AIZ o A7) wolAY, Ade] =&
’J(e.g. Spinel &, MgALOy°l T WL HLolA A
Fo], o] wiite] PAATES ¥ ST Aoz A
T Aok 2y, 9 XRD 244 7E EH, Annealing
Fol|l%= Spinel 9] T7F & AASe] Wshs #EEA|
o=t wEbA, Me] Bl o3 HEF] Aol Z7}
2 oLyl A% wfog FAHE

E=pE AAHA AIN SAAE 12oA] ARE-
a2 10°~10" ohm cm@] AFFE 7pHof 3, AA=
AFoA Be Aoz Qe AR S/t FH &
o] o] Hrk & AelA] g 1Y, 1Y2M, 1Y2M-
A A A9 IAT vE(high resistance meter)S
ol-g3ta] 500°CNA 100 V/imme] Zte 2171sk H 60

M)

Z ¥ Aggks 4 A3, 47 ~1.0E8, ~3.0E8,
~1.0E9 ohm cm®] AAALES HLITE & AolA
MgO doping?} Annealing®] &3}l we} Z.2ofx 2] A
&S S7IZ & YA, olF AIN &A= 500%= ©]
2 2o ZEsle GHE g AL 2 A
S 2 AlsFELh

MgO7} =3% AIN A2k 9]
W o] AL} AAHNEEE AT Al e
7F iF3E 71odsie]gtar WolXlE DC AEEs MgO2]
71l ©gte] 1 order o1 FA oAl &3] ofu
2 w3 ZrlsIT e BAA3, MgOg 71t
735, Al olgk Agre hAagtel nlste] YAl ofgt
A @43t duAlE 7k ol Mgzt Al
MEHo] KET] FHE AU, YAl IAFES 7
= A PBo] ol AEE 7477 e Azt

it

Ak, ole A4Y Aol A Z2A ¥ REY MgE
TR A Qe EAE welFE mATE B4
3}

o} # gx|sic}h, WA MgO 7} & AnnealingS o
o

785, dAle] Adel v Sk ole =8% Mg
ol2o] U= o YA AFE T W STRIZIV W
wolgkal AYzhEr),

HAlel 2

£ A= AR 4718 A4 (10053585)
o] APoz Y= ALY

References

[ 1] R. Atkinson, “A simple theory of the Johnsen-Rahbek
effect”, Brit. J. Appl. Phys. 2 (1969) 325.

[2] T. Watnabe, T. Kitabayashi and C. Nakayama, “Electro-
static force and absorption current of alumina electro-
static chuck”, Jpn. J. Appl. Phys. 31 (1992) 2145.

[3] T. Watnabe, T. Kitabayashi and C. Nakayama, “Rela-
tionship between electrical resistivity and electrostatic
force of alumina electrostatic chuck”, Jpn. J. Appl.
Phys. 32 (1993) 864.

[4] J. Elp, PT.M. Giesen and A.M.M. de Groof, “Low-ther-
mal expansion electrostatic chuck materials and clamp
mechanisms in vacuum and air”, Microelectronic Eng.
73 (2004) 941.

[5] G Kalkowski, S. Risse, G. Harnisch and V. Guyenot,



242 Dongsu Yu, Sung-Min Lee, Kwang-Taek Hwang, Jong-Young Kim and Wooyoung Shim

“Electrostatic chucks for lithography applications”,
Microelectronic Eng. 57 (2001) 219; G. Kalkowski, S.
Risse and V. Guyenot, “Electrostatic chuck behavior at
ambient conditions”, Microelectronic Eng. 61 (2002)
357, G. Kalkowski, S. Risse, S. Muller and G. Har-
nisch, “Electrostatic chucks for EUV masks”, Micro-
electronic Eng. 83 (2006) 714.

[6] J.C. Bang, “Fabrication of borosilicate glass-coated elec-
trostatic chucks”, J. Microelectronics & Packaging Soc.
9 (2002) 49.

[ 7] K. Aikawa, M. Watanabe, A. Jindo, Y. Katsuda, Y. Sato
and Y. Isoda, “Electrostatic chuck”, US Patent US 13/
869,285 (April 24, 2013).

[8] J.-U. Lee, W.-J. Lee and S.-M. Lee, “Electrical behav-
ior of aluminum nitride ceramics sintered with yttrium
oxide and titanium oxide”, J. Kor. Ceram. Soc. 53
(2016) 635.

[9] C.M. Whang, W.J. Jeong and S.W. Choi, “Synthesis of
aluminum nitride powder from aluminum hydroxide by
carbothermal reduction-nitridation”, J. Kor. Ceram. Soc.
31 (1994) 893.

[10] W.S. Jung, “Synthesis of aluminum nitride powers and
whiskers from a (NH,)[Al(edta)]2H,O complex under a
flow of nitrogen”, J. Kor. Ceram. Soc. 39 (2002) 272.

[11] S.K. Yang and J.B. Kang, “Synthesis of aluminum
nitride whisker by carbothermal reaction I. Effect of flu-
oride addition”, J. Kor. Ceram. Soc. 41 (2004) 118.

[12] Y. Imanaka, Y. Suzuki, T. Suzuki, K. Hirao, T. Tsuchiya
and H. Nagata, “Advanced Ceramic Technologies and
Products”, (The Ceramic Society of Japan, 2012).

[13] A.V. Virkar, T.B. Jackson and R.A. Cutler, “Thermody-
namic and kinetic effects of oxygen removal on the
thermal conductivity of aluminum nitride”, J. Amer.

Ceram. Soc. 72 (1989) 2031.

[14] K. Watari, H.J. Hwang, M. Toriyama and S. Kanzaki,
“Effective sintering aids for low-temperature sintering of
AIN ceramics”, J. Mater. Res. 14 (1999) 1409.

[15] GA. Slack, “Nonmetallic crystals with high thermal
conductivity”, J. Phy. Chem. Solids 34 (1973) 321.

[16] R.W. Francis and W.L. Worrell, “High temperature elec-
trical conductivity of aluminum nitride”, J. Electro-
chem. Soc. 123 (1976) 430.

[17] M. Yahagi and K.S. Goto, “lonic conductivity of AIN
containing Y,O; or ALLO; at 1173-1773 K”, J. Jpn. Inst.
Metal 47 (1983) 419.

[18] M. Zulfequar and A. Kumar, “Electrical conductivity
and dielectric behavior of hot-pressed AIN”, Adv.
Ceram. Mater. 3 (1988) 332.

[19] S.A. Jang and GM. Choi, “Electrical conduction in alu-
minum nitride”, J. Amer. Ceram. Soc. 76 (1993) 957.

[20] H.-S. Kim, J.-M. Chae, Y.-S. Oh, H.-T. Kim, K.-B.
Shim and S.-M. Lee, “Effects of carbothermal reduc-
tion on the thermal and electrical conductivities of alu-
minum nitride ceramics”, Ceram. Inter. 36 (2010) 2039.

[21] J-W. Lee, W.-J. Lee, K.-B. Shim and H.-T. Kim,
“Effects of sintering conditions on the electrical conduc-
tivity of 1 wt% Y,0;-doped AIN ceramics”, J. Kor.
Ceram. Soc. 44 (2007) 116.

[22] S.O. Kasap, “Principles of Electronic materials Materi-
als and Devices”, (McGrowMcGraw-Hill, New York,
2006) Ch. 7.3.

[23] D. Yu, E. Lee, S.-M. Lee and J.-Y. Kim, “High tem-
perature ionic and electronic resistivity of MgO and
Ta,05 doped aluminum nitride”, J. Kor. Phys. Soc. 72
(2018) 129.



