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Typical properties and preparation technologies of
AIN packaging material

WANG Chao, PENG Chao-qun, WANG Ri-chu, YU Kun, LI Chao

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: AIN is a new packaging material with excellent electrical and thermal mechanical. The typical properties and
the heat conduction mechanisms of AIN ceramics were introduced. Five synthesis methods of AIN powder were
discussed, namely direct nitrogenation of Al powder, carbothermal reduction of Al,Os, chemical vapor deposition, sol-gel
method, self-propagating high-temperature synthesis and plasma chemical synthesis. The choice of AIN sintering
additives and five sintering technologies were analysed, namely hot pressing sintering, pressureless sintering, spark

plasma sintering, microwave sintering and self-propagating sintering. The preparation processes of AIN substrate and its

influencing factors were expounded.
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Table 1 Comparison of characteristics of four ceramic packaging materials

Performance BeO AIN ALO53(96%) ALy05(99.5%)
Density/(g-cm ) 2.85 3.28 3.75 3.8
Coefficient of thermal expansion/10™¢ “C™"! 6.3 43 7.1 7.1
Heat conductivity/(W-m K ") 285 180 21 25.1
Specific heat capacity/(J.g K ") 1.046 0.75 - -
Flexible strength/(N-mm ) 2322 186.0 275.6 323.8
Modulus/GPa 345 350 380 390
Dielectric constant (Tested under 1 MHz) 6.7 10 9.4 10.2
Dielectric strength/(kV-mm ") 10.6 15 15 15
Loss tangent (Tested under 1 MHz) 0.000 1 0.000 5 0.000 1 0.000 1
Volume resistivity/( Q -cm) >10" >10" >10" >10"
Surface finish quality/10 ® cm 2.54-60.96 12.70-81.28 1.27-76.20 1.27-76.20
Size capacity/cm 10.16x10.16 10.16x10.16 12.70x17.78 12.70x17.78
Minimum thickness/cm 0.025 4 0.025 4 0.025 4 0.025 4

BEE TS TR S AR BeTh % RGN R I #HE
HUCEE SR 3, AR RS [ AIN TRk Flih ok
Th e G st 2 . FH 1) — 7 B 1 B B A R
DA AIN P8 B B 1) el e 1 AR 1) S Ak e
DL Y Siv SiC Fl GaAs 5= 3R FHAHIC L 1 A
MERE, 2R AR ERER, HHFT5 R CEN
54 N8 H ke,

HARELAE 1862 4F AIN Ky AR fF H Geuther £ il
13, AT e B ROHE T Re s i i, ERE S LT
o, AR AIN FIRFRIEAZ, HA 20 AL 50 4K,
AIN BEA L — OIS, (FSR SRR, BRI T
FETNH o B ARG S EAR IR R R AATR AIN
WFEHIEN, 2 20 T2 70 R0, BURM R AL %
U, 5l T B AAMIFSTE )2 ek, e
ITLetpsk, BEATE FHARMRE AR, B e
BZIRe N, SRR, KIRM B Fa T
VER A K, FF 2R M B M R 01025 ok
HaEaE. AIN R RMLRETERE, 2B — R
MELALAERL, 7R T N a4 e, 3L
A R P v b o iR P R v ) R RO
LA R S AR T T N AR W ). AN
R S5 A IA [ AR AH AR N RN T #0007,
TEREXT AIN SEROMORHIRIE TS5 T A S T I 35 R
TR IE AT AIN FERA BT TV, H i T
B, IR AMH HOE AT IR K ZE R,

KL RGLRIR AIN FERR AR AL g J L) %
FR,

1 AIN gyE B (5 & H S 4 318

1.1 AIN BB B AR

AIN AR B H 208 =031 nm, ¢=0.498 nm,
JENTT R, AR CA[AING Y 5 A 85 44 0 () £F 4kl
RO RSN, L KE 1 PR, AIN AR
HEEUK, BNl 2 200~2 450 °C, #
WHEA 3.26 glem’.

AIN B EMZEETERE, FEMEESHULE
201,

1 A SRS

Fig.1 Crystal structure of aluminum nitride
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Table 2 Main performances of AIN
Performance Item Indicators Remarks
. Theoretical value 320 W/(m'K) .
Heat tivit 2-3t f Al
Thermal cat conductivity Actual value 200 W/(m-K) imes of ALO;

Propert Coefficient of th 1 6 . - . 6
roperty octticien 0. erma 3. 5x10 °K ™" (room-temperature to 200 C) Similar to Si (3.4X 10 °K ™)
expansion
. Energy gap width: 6.2 eV; Resistivity at room .
Electrical Insulating property temperature: =10'Qm A good insulator
Property ) ) o
Dielectric constant 8.0 Similar to Al,O;
Mechanical ties at
cehanical PIoperties &t yy_ 15 Gpa, E=314 GPa, 6=400—-500 MPa
room temperature
Mechanical i ) ) ) ) )
Property Mechanical properties at At 1300 °C, mechanical prope.rtles being When SizN, and AI%O3 being hf)t
. decreased by 20% compared with those at pressed, the mechanical properties
high temperature .
room-temperature being dropped by about 50%
Others Nontoxic; outstanding corrosion resistance; AIN films being able to significantly improve the magneto-optical Kerr

effect and membrane oxidation resistance
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Fig.2 Thermal conductivity versus temperature
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Fig.3 Flow chart of AIN substrate preparation
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Table 3 Main preparation methods of AIN powder and their characteristics
P ti . . .
feparation Reaction mechanisms Advantages and disadvantages Remarks
method
A long time at high temperature in The generated nitride
Direct At high temperature, Al and N, the proliferation of gas-solid needs; membrane gradually slows the
nitrogenation of  directly react to form AIN !1: Strong exothermic reaction; easy reaction. In order to prepare
Al powder 2AI+N,—~2AIN (3) self-sintering; poor stability of uniform AIN, secondary
quality nitriding is needed.
Wid f terial; 1
Use superfine Al powder and e sourc_e o raw matera ; o Appropriate excessive carbon
. . . cost, and simple process; uniform .
high-purity carbon as raw materials, . . . . can accelerate the reaction
Carbothermal product being high purity, difficult

reduction of
AlL,O;

mix through ball milling, and then
react at the flow of N, atmosphere at
1400to 1800 C:
ALO;+3C+N,—~2AIN+3CO  (4)

to conglobate, easy to sinter; the
methods being able to be used in
mass production, which is an ideal
industrial method to produce AIN

rate, and increase the
conversion rate of the Al
powder. It often needs CaO,

CaF,, and Y,Oj; as a catalyst.

Chemical vapor
deposition

Use AICl; or aluminum alkyl as
raw materials, react with NH;
through following two reactions:

AICI;+NH;—AIN+3HCI ®)
Al(C,H5)+NH;—AIN+3C,Hy  (6)

High-purity and superfine powders
being able to produced; price of
aluminum alkyl being expensive;
being not suitable to industrial
mass production

Using aluminum alkyl, it is

simple and no HCl is
produced, the formation of
alkylation will be lost

gradually and the reaction can
be completed at 673 K.

Sol-gel method

After reaction between liquid R;Al
and NHj, separate the solid, then
heat it at 400 C:
R;AI+NH;—~R;ALNH; —~

AIN+3RH (7)
R: CHj;, C,H; or C4Ho.

Continuous production, preparation

of  high-purity and superfine

powders, high cost of material

Self-propagating
high-temperature
synthesis

Al powder is ignited by external
heat source under high pressure, the
reaction of Al and N, releases
large heat to sustain the reaction,
until Al powder transforms into
AN

2AIH+N,—2AIN ®)

Preparation process with simple
equipment, rapid reaction, low cost
and  suitable for  industrial
production; size of powder being

less than 10 pm

This method does not require
high
requires the ignition without

temperature, only

external heat source.
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4/3 AIN(s)+O5(g)—2/3A1,05(s)+2/3Ny(g) (11)
aM(s, D+0,(g)—bM', 0’ (s, 1) (12)
M/ N' (s, )+0,(g)—dM',0',(s, )+Ny(g) (13)
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200 = (CaO-Y,0;, 1700 °C, hot pressed)
* (B,04-Y;0;, 1850 C)

180r (Li,CO-CaF5-Y;05, 1650 C)

160 - (Sm,05. 1830 C)

1401 (€CaF2Y;05, 1650 C) (v 0 py 0, 1850 C)

(Li,0-Y,05-Ca0, 1 600 C)
120f

Heat conductivity/(W+m™'+K™")

100  (Li:COx-CaFs. 1675 C)

334 336

3.26 328 330 332
Density/(g-cm™3)

B 4 Bhleshixt AIN P geke s e

Fig.4 Effect of sintering aid on sintering AIN
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Table 5 Comparison of different sintering technologies
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Table 4 Thermal conductivity of AIN ceramics sintered at

low temperatures

Sintering Sintering Heat conductivity/
additives schedule (Wm K™
(YCa)F; 1650 C,6h 208
YLiO,-CaO 1600 ‘C,6h 170
Li,CO;3-CaF,-Y,0; 1650 C,8h 167
CaF,-Y,0; 1650 ‘C,8h 148
YLiO,-CaF, 1675 C,6h 97

232 KRETZ

H AT AIN 8% FI B4 T8 — 8 5 Fl, BIHAE
KRk, ohbedh . A BT he4t (SPS) il e 4 Fl
HEiEpest . w4 f T EZ ML 5.

1) #JEkegs

PR G JEAEIHAK R 1 [ HEAT s, 1
PP A (1) A AR 328 i 1) 98 M AR T SR i b e &5
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[EEMRAT 2, 1 HAREE S0, LR, (AILInA.
AHFTHR AR, B Re s TERA K 4 IFE i
IR RS BT S R B0 AIN P B 2 2
T B/ANIEPII T B4 Ca0-Y,0; HURLE4E A
R SELE AIN PRSI ERE R A4 K . 75 1800 “CI1)
PRI N 8 h R A 3.1 glem’. HGH
i 170 W/(m-K) I s Be 4l &4k 71 25 MPa. 1700 °C
Pesh 4 335 4 3.26 g/em® G2 A 200 W/(mK)
M peah Gtk . WIOESH 1, FRpeai A i dh
BLKANALYE), MR Z, RYORSAIER A L
A e NSO R ST S EYE b 'l T ESW NP 2N B

Sinterine technolo Sintering Sinterine schedule Density/ Relative Heat conductivity/
& 24 additives g (grem™) density/% (Wm K™
Hot pressing sintering Ca0-Y,0; 1700 C,4h 3.26 200
B,05-Y,04 1850 °C,4h 3.26 189
Pressureless sintering
Ca0-Y,0; 1800 C,8h 3.10 170
- 1600 ‘C, 5 min 99.5% 56
Spark plasma sintering
CaF, 1800 ‘C, 5 min 129
Microwave sintering Y,0; 1 600 °C, 4 min 98.7% -
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e, AHBUEN.

3) JHHAE BT RE4 (SPS)

JCHL A5 B T Re gt I 20 20 90 AR JE I A
— e g IR, e R koK H g R T AL
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0 R 20U R B A il R Y L
AIN FEBEMEL. R L 2ARTFEINNGER, &
MG, i HorT LAE TR B A AIN B, Bl
F2 R E S N JEURE R AL S 44 Rl BELAS 20 1)
BHNFBIE, MW T VA E, M DUAS BIB0% BE
FI AIN PR, MR HEECTIR T [ 8 4 S A T
2, LLALAT AIN By b FEZE 50k, 7E 20~100 MPa 5
EEAT, K18 TR A 8RBT 80%(1) AIN
P s

24 EARFIFHIRNDER

IS I S 5 B B BB L R AR A,
FRVEBE RLAF I AIN S8R, 2GR b A — A L
BN BARA . FEIEAR BRI R IR 2, X B A2
WHRBPRERE . HEORI T 25 0 BV RE IR 5% o
241 KRR EER 2

FEHPRL B iy B S —, &
PR T RIS B I PR R 2R ) O . 7R R
AT, BT AIN GKAE, AR RER AR, K
TR R ARZK AR R A HURS 25 77 1 1 PEFN L L
KRIITRLEE o UKL IR TR B 43 A #1102 53 1 HORIRS B (1)
TR BRI, I AR 1SRRG 45 7 L
B R T LA RORMIR B2, SROBDRE BERE R IR K %
G, {HBE R LM, FERIRE ORIk, FEACH S
B, REEMmrseai R, HTHRETE. K
W HE RS, BESROB R RS R T e, RrfE
T 1.52~2.5 pm 2 (0], KRN Ai a3, kkl
BRI ERE, 1f H R EFEHIAE 0.6~0.8 Z WA F| T
TRERCIY,  $2 2 AR A B 6
242 HEREARM

HH TR AR A PR R A % R N T K )
HHLER . RESEH(PVB)YFRE T IS AN, ANAH
BV R IR AL AR SE RN 4 A A 2 ANAH I, i AL
WIAEIE S U N HE R St 25 1 78 vh 25 78 AIN Jikiz ¢
TP AR R IR AR, A IR B SR, AN S ) i
BIRIRESiAT y, ALIERRASBEBUA 4, [ I 52w Bk
HIAML,  PEARIERR (T BRI, JERERIRIE ST —Fif
PRSP HE R L2 ARFIER 2R G BV HE R it 42 A2 A B AR
BATGA IR OGHE . R EE 1997 fERFst—
BB R 5k —— W IR VA E A
500~600 ‘CIb < FHERS, AEEBCT AN w4
HEBR, R0 SRR ASB00 C) MR, FEIRE
TR A2 B 5 23 AP IR VY. (CHO,=CO, 1), AR
SAL AR, RN EERKACS AIN HFE
—3), (R IBECEL.



1736 PR € <5 R A AR

2007 4F 11 A

243 FURSE N
SWAELHIRII A B, BTN RKENENL
, HLATREIFLERECR, SRR, #F HE ATk
, SPEORNT AR BRI S, FESGE i, HAE
FELE I 2 T EUR R (AR ERR S, SE MR ) i 2%
AT, T HECLESER =4, £ 1100 CIH
RGP TIRe G AT e, T LA R IR,
D FLBRAR, 132V . PERE R AP AIN JEAR AL
¥l

i &

25 EiRgRE K

TSI AIN 35 7 1 S F Al A 25000 366 i35 AT 42 )
AL . X2 AIN SEFAGHOCHE T 2. AIN Pk
R& B INEARZ, PIMES  iE fm Ak R
& JEf. iR 4E Btk Ag-Pd Sk, Cu Sk, Au &
4@tk T4 B AL Mo-Mn & @ LA W 48
). HEHESH(DBO) & @M. AIN-W LB 4 & LA
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