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Table 1 Basic performance parameters of AIN ceramics

Property Quantitative value Reference
Theoretical density 3.26 gcm™ [9]
Crystal structure Hexagonal system [9]
Thermal conductivity [5]

Theoretical value 320 W-m K™

Actual value 100 W-m ™K™' ~260 W-m™".K™
Coefficient of thermal expansion (25°C) 4010k [10]
Dielectric constant (1IMHZ) 8.6~9.0 [9]
Dielectric loss (IMHZ) 1x10™* [10]
Breakdown voltage 15 KV-mm™ [10]
Energy gap width 6.2 eV [9]
Bending strength 300 MPa ~ 400/MPa [10]
Elastic modulus 310 GPa [10]
Hardness 12 GPa [10]
Melting point (thermal decomposition) 2790 K [10]
Specific heat (25°C ) 730 J kg K™ [9]
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Figure 1 High power applications of aluminum nitride ceramic substrates and packages
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Figure 3 Illustration showing the effect of sintering additives on the thermal conductivity of AIN ceramics "’
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Table 2 Sintering aids, sintering temperature and thermal conductivity of pressureless sintered AIN ceramics

Sintering aids Sintering temperature / °C Thermal conductivity / W-m™"-K™' Reference
YF; 1850 210 W-m K™ [16]
D,,05+Li,0+CaO 1600 163 W-m K™ [17]
DY,0;+CaF, 1650 142 W-m™ K" [18]
Y,0; 1850 231 Wem ™ K™ [19]

Y,05+Ca0+Li,0 1600 135 W-m "K' [20]
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Table 3 Common molding process for the preparation of AIN ceramics *'**

Molding process Advantage Disadvantage

Dry pressing Simple process; short cycle Uneven force

Static pressure molding Produce complex shape of products High cost and low efficiency

Tape casting High production efficiency; suitable for Difficult to prepare products
industrial production of complex shape

Powder injection molding  Suitable for the production of complex shapes; Complex process
small precision parts
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Table 4 Common sintering technology for the preparation of AIN ceramics 2253
Sintering process Advantage Disadvantage
Pressureless sintering Simple equipment; low cost High Sintering temperature; low
density of sintered body

Hot press sintering Materials with high density and good Not suitable for complex shape of the
performance products

SPS sintering Short sintering time; low sintering Not suitable for large size; high cost
temperature

Microwave sintering High efficiency; energy saving —
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Figure 3 Microstructures of AIN ceramics pressureless sintered at 1650°C for 1min:
(a) CaF, as additive; (b) CaF,+ Y,0; as additives (381
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Table 5 Relative density and thermal conductivity of AIN ceramics prepared with different sintering aids
and sintering methods

Relative Thermal conductivity

Sintering aids Sintering method density / % S Wem K Reference

CaF,+ Y,0; 1650°C Pressureless sintering 99 148 [38]

Sm,04 1950°C Hot press sintering 100 246 [33]

CaF, 1800°C SPS sintering 95 129 [39]

Y,05;+CaO+B 1650°C SPS sintering 10min 99 90 [32]
2.2 BHEZE

AIN PR AE S IE T EA RIFH B4 (SiRBHE%EA 10" Q-cm), 7T LLHEE SRR R A
BT T 2 B A RIE4T B, N T AIN M RAE i ATV B2 B, A A% e B
B, B AIN P2l F T o TR bR, (R LR AIN F % T2 SR a3 1),

Yoshikawa 25V Sm,0; BEEF, 7E 1700°C ~ 1900°C i 765 [l P B2t AIN &, #5311 AIN P
ZER T AHE N 10" Qeem ~ 10 Qeem. fAITIAA, TERLETRE =T 1800°C B, 7EJFEHIIA 1.0
wt% ~ 2.9 wt% [ SmyOs £ TE L Sm-B-SA MR, X —00AH I FEBH 28 LA R AR Ha BHLARAIR, AT S
BBl S A K. Sakai 2Z5*IRL 0.1 wt% ~ 0.5 wt% Y,05 B, #7310 AIN P &AE =00 T
HFHZE A 10" Q-em. MATTERBL, RIS EIEE N, Y05 & B, AIN P2 s Bl m, kst
TR, REIHRMR. Lee ZPI7E 1900°C TLIELESE AIN I, LL 3 wt% CaF, Nkest Bhil, it
TSI ALOs Sfedz il FLBH 2 1 RN o AT TR BRI ALOs 1E s FEALTE TG 58 TEAH, T ARG 0 & 5 1) v
PR dIn &R ALOs AT LAE Rt e 4l Bhf) s B i R dE v AR e dh, RIS 3 AIN B i G %,
W ALO; & it my HFEAE] AIN ffi Ny, SFECEESE S B, WSFK AIN BRI #RTER,

2.3 HF4FM
F ] AIN B &) F T 2k, P Sk il s o't A0 e nk 0 v Tl 1 10 D i e 21230,



%1 # (IRFEAMEE) Advanced Ceramics, 2016, 37 (1): 22-33 .29

Nishimura 255300 CaF, NBIEEH], 75 1600°C LL SPS 75 s ELE #1437 6iBt N 54.7% (1) AIN
% WP . Xiong 25" PL CaF, NENEEH, 78 1850°C # R Be45153 7% W] AIN % . Kuramoto 287
T BA CaO Mkess Bhifl, 75 1600°C ~ 2000°C ffilfF | AIN &P %, 7E0] Wt~ HiE T Hik H] 70% ~
80%. H I E X T AIN i B P & A 2 o
2.4 TEMERE

ERIHMEE T, @ FE AIN M & T EIR e LT I & M A i AR5 AT . RS AT I 1)
BOREALIN), S he B 1O/ I F0AT B P4 B0 77 AR 1 e Bk B A 5 B MR R I, T e AT
V2 J5 (AT I N SR R 25 0, R e RSB A P 37 26 (1 R AL 3 B A1 4 8 e UK
2o DG ER AR S G T RS REFE R B A L BUIG AFEREE /N TR UM R SRR
T VR R RRE A0 AR AT, AT DU RS A AT I A R R 2 5 P AR 1 SR AR A s Th
AT IR PRI

Zulfequar Z5UBIEE T DL CaO N BIEE7 4% 1 AIN B & i B pE e, KIIER T 450 K, /e
H RO ISURE R TR AT R SR K, AR, A SRR AR AR 2 . Kume 25IRF 50 T
MgO 1E A BTN AIN B & AR R, A TR IS 240 N, S MgO & &3, 5
BB/ . Kume*EIIEHFTE T Y205 EABIBEHINT AIN SAERIS20, KIS TR K T &0 A
RRARARFE - 2 171, Kume R BLIR N7 ZrO, & 845 AIN R FEsZ ok, & EH5 0.1 mol% i
LS FAHEA K. Zhao ZEMILL CaF, JBIEEAI, 7E 1750°C ~ 1900°C HERESE AIN, flf1R BLRE KR 4E
REERIT S, FESL A HH BORARFEIR/D, THiBE CaF, & &340, /i Sk, ).

AIN B &3 ] VR N e FE DAL F T K Th 2 i o B 28 B8 1 v o D S B B Uob e ) i T i i, 2
SREEIAA B A FE AE HE S T4 . s Blx — B, BFFEN G R4 H AT R R AR A
BI85 45 N SR E ) T e B AR, LA SR R &R - R A AR A b RE . AIN B
GRS F ARSI BE . (7 f=2.4GHz I, &, = 8.1) ARG, & & FIE MO 2 mbt 1,

RSN AIN R Mo ARl SRHT SPS BR4EHARHI% T AIN-Mo & F AL, WFAT T #28
B BA B TR R A A P R FE R I R B, RIS A T RS T A PR B BRFE B Mo 5 = 13
k. TSP R NERL . CaF, AREE A, fER/SAUR FEERS: AIN-Mo H 41
%, RIS Mo 588 23% BHE. EYTIRZEPILL AIN F1 W oA JERL KA SPS Bedh iR, 76
1400°C ~ 1700°C 264 Rl & AIN-W H & W&, FF AR, EEERARRU/NG AIN A5 R H38 e 45 ORI
I 1), 7 T4 v A X Al P T el

2.5 HEAthrit

AIN P @R R 5 I Bk 5, TR IRE, EAS S EE RENS N . A, &
WRe S HAh V2 & B e il N ALAE, DR R AR, o] AR Tl i 40 Jo 1 25 2 A A B 2%

RNT R RIE RS AIN BEM B ILE, TeUEE s AIN ZAEME, 368 e 7= Ah 77 TH
JS2 LS,

Jin ZPIRLY,05 B B, LLAE RS 5 3, 1E 1850°C #143 AIN/BN HAIM &, K BIi%E BN
SR, PRI GE B NeR . Kim ZEPYU7E 1950°C #4644 11 SiC-AIN B AW, 5
L% 99.9%, [EIRFESAHME, SIC AH I HL S 238 0] DApk A &g il AT, BT SiC B B A REF
(I BE T FE A PR BRI 22, IR & SIC A AIN R HI45 1 REAR B I 2 & M S AR .

JE AIN BAZIIHUIE BEA 2, (B2 B BT AT — 286 F ALV BE I SCHRIRIE . Lee 25°10A
CaZrO; il Y 05 NEhkEF], TE 1500°C ~ 1700°C B0 To R4 AIN P, 7 1500°C SEI T hesh 8%



230 - T AT %, AIN [4 & e 66 & A %37 %

AT B, Wb best i 2nT LA SR AR K, B SR, BNk NS R LF. £ 1550°C
e, AIN P2 S s IA 3] 630 MPa. Li %P0, CeO, 1 Y,05 ABIEEH, £ 1700°C B 25 #E 52
45 AIN P&, BRI EPTS A WP, iR, G B 258 387.9 MPa. 12.68
GPa. 3.34 MPam'?. 168.3 W-m "K'\ 99.59%. .4}, Zhan 2557 L) CaO M1 Y,0; NEIEEHIZE 1700°C
B AIN F&, 1211 AN 373.7 MPa.

3 H Bl o A 5 1] AL

HAT, fEmTERE AIN B BEmt 70 A7 LT [l 75 2 2 m e ok

(1) BACH RO GIOUL £ -5 B e 1A Ol 20 R (BRI 2 A8 T U0 TR 5 R 4 1) ) 52 i
AL AIN B BB AR A A PR RE R IR LB S L SE B R4 R BB IR R &

(2) ERXBURATIREE TSCBL AIN B BRI BUR ARl i 2R R P B s R . B ke
E2] | N6 A B o

(3) A AIN P BN AR 3 RARMPRLIN, Q] BRI 51 S0 T AR L BALBRL 18] 1 di A%
SRBC A/ NS R R SRAL R R 77 ?

(4) AIN R SRR NI RS N R s g s AIN R &%, AIN-&RE R, AIN £
JER & W BB T Rt — 2B ER A

MAERE il TZLLRRAT IS RE, 91 208 AIN BERIVERE, ARMRS TZR8 7 NA.
HARE I AIN PR VEREAT Frod i, (H2 i B i n 1 £ 7 (A, PRI 7 Tolkfb. A
tebesh T2, DMERIBE O b ml it T 2 RSB D o Al SCHTE, AIN FyRHE BE 48 B2
SMAIZ AIN B EERIVERE, AT PR 1 AIN RG] 2% T2 O 2R, (2 AIN R AR 5
KRR S BN RS PEFEAR . W SRAE BG4 0T AIN B RHEEATRER AR FE, Wb 2 LR AR ),
WA ENE, WRARAE R T 5 Seryeas . DA 2 — st 28 HAR AR 1) JEURH AR B 125t B 12 4 R R
FMTT Iz —. $esk, BT AR A R AIN F B e — L8 () DA A GEER N

FEVERERT 5, X AIN B R RT R . R0 i PERE . HUBPEREWE FUIR 2, (H2 X H A LR
JeEAPERE AL = R PERE I TUIR AR D . R BEHEIRIE AIN B RER PR, B MR AR AIN
P B Ju M B AL IR A B Si F TV SRR KR BRI R A . = 0 Fa M RE OB TE AT A
T AIN P B R i as AR 0 i N

ZR LRI, AIN BB i bedhin AR ISR E, T At A AR kg, AIN
W 8 L T W 457 0T P AR ) R R FRLAE, g By 21 0 i o M B A LI A B

53 XHk

(11 &&E, FHEZE, x5, & ANERRENERESMNAD]. &, 2003, (1): 5-8.

21 Z3075, #/ANE, MR, & SR E RN LA D). B4 8, 2010, (2): 20-23.

[3] ZEARZF, XU, sKBET. AIN FZERAEHORM TEt R[], IR EH R, 2006, (1): 28-31.

[4] ZRWIAL, HGRE, MM, 55 FALERMREHT SR RE D). Wi & @Akl S TR, 2002, 31 (1): 8-12.

[ST SLACK GA, McNELLY TF. Growth of high purity AIN crystal growth [J]. Journal of Crystal Growth,
1976, 34: 263-267.

[6] JAFISE, Xk, =&, BAMER N SHT]. R TR, 1998, 26 (4): 517-522

(71 ZWAL, dhdelE, A, 5. Bdbia (AIN) B pRett . iles SRS []. B % AR, 2000, (4): 39-42.



%1 # (IRFEAMEE) Advanced Ceramics, 2016, 37 (1): 22-33 231

(8]

[11]
[12]
[13]
[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

(28]
[29]

[30]

[31]

FIEH, RIEC, & mATER AIN B R R % 58 A HERE D). &2k, 2007, 28 (1):
57-63.

RGP BACHR R B X AR < R AL 7T [D]. R KBRS 22 47183, 2008.

Wi . KR be 45 m A T B FR B B L P S YERE BT ST [D]. WivL: wh [T & 2B il 2 AR 0,
2012.

XIONG Y, WANG H, FU ZY. Transient liquid-phase sintering of AIN ceramics with CaF, additive [J].
Journal of the European Ceramic Society, 2013, 33: 2199-2205.

WG, EWer, IR, BBk R S 5 RRE T X R B[], Bl BE 4R, 2010, 31 (4): 651-657.

MRfE, MR, SR, S5 AIN M BERY AR 25 7 ke mRRE SR [T]. ThRERFEL, 2001, 32 (6): 576-579.
RFFLL, BTN, . B R SRR S AT [I]. WAL TR 2R, 1999, 28(2):
20-24.

R, FRE, B SRR FERR TR R D] MBI A, 2013, 27 (4): 43-45.
JARRIGE J, LECOMPTE JP, MULLOT J, et al. Effect of oxygen on the thermal conductivity of
aluminium nitride ceramics [J]. Journal of the European Ceramic Society, 1997, 17: 1891-1895.

LIU YC, ZHOU HP, WU Y, et al. Improving thermal conductivity of aluminum nitride ceramics by
refining microstructure [J]. Materials Letters, 2003, 43: 114—-117.

DU XL, QIN ML, FARID A, et al. Study of rare-earth oxide sintering aid systems for AIN ceramics [J].
Material Science and Engineering A, 2007, 460—-461: 471-474.

DU XL, QIN ML, SUN Y, et al. Structure and thermal conductivity of powder injection molded AIN
ceramic [J]. Advanced Powder Technology, 2010, 21: 431-434.

WATARI K, VALECILLOS MC, BRITO ME, et al. Densification and thermal conductivity of AIN doped
with Y,03, CaO, and Li,O [J]. Journal of the American Ceramic Society, 1996, 79 (12): 3103-108.
ZFORT. AIN P BEARIR GRS %% S PERERT 7T [D]. LR TFg KAt 2 07183, 2009

WATARI K, HWANG HJ, TORIYAMA M, et al. Low-temperature sintering and high thermal
conductivity of YLiO,-doped AIN ceramics [J]. Journal of the American Ceramic Society, 1996, 79 (7)
1979-1981.

MZRW, resg, XU 4R, 4 SIS R R AT S HE ()] RERR ERE AR, 2011, 30 (3): 602-607.
RE BTHE AR REER SRS m TR AIN B[] TR R, 1996, 11 (4):
606—610.

ZEWIAL, HIERE, Bk, S T R AR B A S R T] AR SRR S TR,
2009, 14 (5): 343-346.

LIU YC, ZHOU HP, QIAO L. Low temperature sintering of aluminum nitride ceramic with YF;-CaF;
binary additive [J]. Journal of Materials Science Letters, 1999, 18(9) 703-704.

SRS, YEESS, BHEE, & KB ARA (YAG) BUIROLH &R Tt R[], M kTR, 2014, 28
(11): 123-128.

BN, R . BN E RIS )] e a AR R S TR, 2006, 29 (4): 15-17.
JACKSON TB, VIRKAR AV. High-thermal-conductivity aluminum nitride ceramics: the effect of thermo-
dynamic, kinetic, and microstructural factors [J]. Journal of the American Ceramic Society, 1997, 80 (61):
421-435.

ZRNGE, DAL, ACHE, S OB AIN M R I PR A ) A L I R 0], RERRER A4, 2008, 36 (2):
215-219.

FENG B, ZHOU Y, PENG C, et al. Vibration assisted hot-press sintering of AIN ceramics [J]. Journal of
the American Ceramic Society, 2015, 98 (6): 1711-1713.

KOBAYASHI R, OHISHI K, TU R, et al. Sintering behavior, microstructure, and thermal conductivity of

dense AIN ceramics processed by spark plasma sintering with Y,0;—CaO-B additives [J]. Ceramics



.32

T A X %, AIN 4 % B4 1% Gt R A £37%

[33]

International, 2015, 41: 1897—-1901.
NISHIMURA T, HIROSAKI N. Electric current assisted sintering of AIN ceramics: thermal conductivity
and transparency [J]. Advances in Applied Ceramics, 2014, 113 (2): 89-93.

[34] SEARZE, 2RI, WISCHI, 55 S8Rt SPS 14k AIN i e s MR RE A MA D). oA B4R, 2015,

[35]
[36]

[42]

[43]

[44]

[45]

[48]

[49]
[50]

[51]
[52]
[53]

[54]

[55]

30 (3): 267-271.

WM, 208, BRamdy, 45 TORESE AIN BRI AT FT0]. iR ERil A, 2005, (3): 29-32.
WERDECKER W, ALDINGER F. Aluminum nitride: an alternative ceramic substrate for high power
applications in microcircuits [J]. IEEE Transactions on Components Hybrids & Manufacturing Technology,
1984, 7 (4): 399-404.

KURAMOTO N, TANIGUCHI H, ASO I. Translucent AIN ceramic substrate [J]. IEEE Transactions on
Components Hybrids & Manufacturing Technology, 1986, 9 (4): 386—390.

QIAO L, ZHOU HP, XUE H, et al. Effect of Y,O; on low temperature sintering and thermal conductivity
of AIN ceramics [J]. Journal of the European Ceramic Society, 2003, 23: 61-67.

KHOR KS, CHENG KH, YU LG, et al. Thermal conductivity and dielectric constant of spark plasma
sintered aluminum nitride [J]. Material Science and Engineering A, 2003, 347: 300-305.

HE XL, YE F, ZHANG HJ, et al. Study of rare-earth oxide sintering additive systems for spark plasma
sintering AIN ceramics [J]. Material Science and Engineering A, 2010, 527: 5268-5272.

YOSHIKAWA J, KATSUDA Y, YAMADA N, et al. Effects of samarium oxide addition on the phase
composition, microstructure, and electrical resistivity of aluminum nitride ceramics [J]. Journal of the
American Ceramic Society, 2005, 88 (12): 3501-3506.

SAKSI H, KATSUDA Y, MASUDA M, et al. Effect of adding Y,O; on the electrical resistivity of
aluminum nitride ceramic [J]. Journal of the Ceramic Society of Japan, 2008, 1164 [4]: 556-517.

LEE HK, LEE HM, KIM HK. AC impedance spectroscopy of CaF,-doped AIN ceramics [J]. Journal of the
American Ceramic Society, 2014, 97(3): 805-810.

ZULFEQUAR M, KUMAR A. Dielectric behavior of hot-pressed AIN ceramic: effect of CaO additive [J].
Journal of the Electrochemical Society, 1989, 136 (4): 1099-1102.

KUME S, YASUOKA M, OMURA N, et al. Effects of MgO addition on the density and dielectric loss of
AIN ceramics sintered in presence of Y,O;3 [J]. Journal of the European Ceramic Society, 2005, 25:
2791-2794.

KUME S, YASUOKA M, OMURA N, et al. Effects of annealing on dielectric loss and microstructure of
aluminum nitride ceramics [J]. Journal of the American Ceramic Society, 2005, 88 (11): 3229-3231.
KUME S, YASUOKA M, OMURA N, et al. Effect of zirconia addition on dielectric loss and
microstructure of aluminum nitride ceramics [J]. Ceramics International, 2007, 33: 269-272.

ZHAO HY, WANG WM, FU ZY, et al. Thermal conductivity and dielectric property of hot-pressing
sintered AIN-BN ceramic composites [J]. Ceramics International, 2009, 35: 105-109.

it Dok, BER, . AIN-Mo E&Fd BRI/ EIEREHT T[] M EHTFIR, 2008, 22(12): 129-131.
Lo, AR, M. B/ T R R S TR b B AT IR [I]. AEES R, 2008, 22 (4):
5-9.

T4, HER. TR Mo X AIN/Mo & & B &1t e 2 mi[J]. #A 4 )&, 2010, 34 (3): 378-382.
TR, BN, B, S5 AIN-W B G BB R BFERT 7). # K164 Tk, 2012, 22 (1): 43-47.
JIN HY, WANG W, GAO JQ, et al. Study of machinable AIN/BN ceramic composites [J]. Materials
Letters, 2006, 60: 190—193.

KIM KJ, KIM YW, LIM KY, et al. Electrical and thermal properties of SiC—AIN ceramics without
sintering additives [J]. Journal of the European Ceramic Society, 2015, 35: 2715-2721.

LEE HM, KIM DK. High-strength AIN ceramics by low-temperature sintering with CaZrOs;—Y,0;



%1 # (IRFEAMEE) Advanced Ceramics, 2016, 37 (1): 22-33 .33

co-additives [J]. Journal of the European Ceramic Society, 2014, 34: 3627-3633.
[56] LI QG, WANG Z, WU C, et al. Microstructure and mechanical properties of aluminum nitride co-doped
with cerium oxide via hot-pressing sintering [J]. Journal of Alloys and Compounds, 2015, 640: 275-279.
[57] ZHAN J, WU Y, ZHANG H, et al. Secondary phases, microstructures and properties of AIN ceramics
sintered by adding nitrate sintering additives [J]. Advances in Applied Ceramics, 2015, 114 (2): 77-81.

Performance and Application of AIN Ceramics

DING Li-Wen, FAN Gui-Fen, LI Jing-Ren, YAO Yi-Feng, LV Wen-Zhong

College of Optical and Electronic Information, HuaZhong University of Science and Technology,
Wuhan 430074, China

Abstract: AIN ceramics with high hardness, linear expansion coefficient and volume resistivity,
low dielectric constant, low dielectric loss, non-toxic, high temperature resistance, corrosion
resistance and other properties has been widely used in electronics, machinery, composite materials,
and other fields. The advantages of high heat conductivity makes the AIN ceramics to become one
ideal materials of the semiconductor substrate and encapsulation. This article reviewed the
development course of AIN ceramics and emphatically introduced the preparation technology,
performance and application field. Furthermore, the technical difficulties and development direction
of AIN ceramics is prospected.

Key words: AIN ceramics; Preparation technology ; Thermal conductivity
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