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Figure 1.1 Thin film metallized AIN ceramics package.
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Figure 1.3 Thin film metallizing process
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Table 1.2 Results of reliability test

He  leakage atm - cc/s
Hoﬁ;OI | ‘ : |
number 0 24 100 300
Heat cycle el
' ‘ elow below below below
-55°C,30min |5 x1071l5 X107 15 x107 |5 1071
teél%%gtme-: O min : |
150°C,30 min-
Pressure and cooker . |below below below below
ure 11 11 11 11
2 atm 51075105 X105 10
121°7C
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WINEBSAIIZALNOEFE-DINSBRSNTND. P—ILEDZ r &8
HEHZEINSLEMRTZr2 AL - PILEFARE-DIHBENTID. Zra2 AL
dAMe Zn. BOBRBBER/SE. 735&%. a#b. 282, c#i8. 748%L®
gEHTHD [7] .
2.6 ODBREENDETEIDLCOEHEIALN/Z r RECHITIBEREE
GLESETD, 83 0 CPI-ILERIEIXREIFOOF TCRELYE D P 2~
LRV EHAROONEN DE. COBREA L N SESBHEOBERIGH
AREMACRESNDZCZLOL TND,

OERBRC r« Ta. N1 LINTEBZA | NOE-IASBRSNP Z—
IWBICZOEDBPILEFAREEMELHSBH DG,
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2. 3. 6 :BEREFRICIDPILZ T ROERROREH

CNESDEER2 17CL®T 3DDTIL—TCHBEND. F—DTI—-TE &
HEBCLUTHRROAT | LZ r IBLVBBREERS. VLT RBZEAT D,
F2OTI—TTHDCrZTalBLWEBEREER DN, RIDEBEEL. E3IDT
IW—TTHBN I JEBELEBEREEZLOLRIBBEZL.. CNSOBROLSFPILEZF
1RBEAINCEBERCDBEREERDD 1 DORLTHD. PILZFARE
HKICZWTDEBBEOBREFMEREIDIZCLEALNNDSEEEREEGERRT
DEDICEETHD. AULNESZVIRCZBERIORIBIZHITFDPILZFIK
B TFIZU T RIGHICEL D TERE{TDZ[6.8] -

2T T +AULN=TIAL+TIN

—-23. 1 kJd/8 atom (2-2)
ATIi+ALN=Tias AQ+TIN

-19. 2 kJ/8 atom (2-3)
3Zr+3ALN=Zr. AL+ZrN

| ~30. 8 kJ/g atom (2-4)

A47Zr+3AUN=2ZrAfls +3ZrN

—32. 1 kJd/8 atom (2—5)
2Ta+ALN=TaAg+TaN

—2. 30 kJ/g atom (2—6)
29Ta+17ALN=Tai2AL.,+17TaN

+11. 9 kJd/ 8 atom (2—7)
2Cr+3ALN=CrAfls +CrN

+131 kJ/g8 atom (2—8)
13Cr+11AIUN=Crz2 AL,++CrN

+68. 6 kJ/8 atom (2-9)
ANIT+AOIN=NIiAL+NIias N ‘

+26. 2 kJ/8 atom (2-10)
TONT+3AIN=NiALs +3Nis N |

+44. 4 kJ/8 atom (2-11)
TINI+3AZN=NIi2 A2a +3Nias N

' +38. 4 kJ/8 atom (2—-12)

CrCNiﬁEQPwET4H%EE&ﬁHEébe\?hiffﬁ%&CWLZ
BEORBHZERDODTOD. T i1 Zr BIUT ald@BHENCA LN EESERRO
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CLOULEPILEFAREEMTDIRED 1 DTHD. CODRIZEALNIEREZ
DOBL - RIpREHHUT | 2ERLEESICRELew | sDB - BERUCIHUNT
ALNRBPOETI—L LT TildERF—ZUTERT 2. CNSOBRESSIC
BRREIC T DD TOLSITEEEIT DS,

2.3. 1. BREEOEIEHEL PILZ 1 ROEFECID7PIL=0 1 Kk

PILZFAREERTDZBRTHDIALNODRTISEIBFORBAZEELN B
BEROETFORBRENNTSPILE T REKAT DREFHERUETHD. MERD
BTORMBICEERNAAVUCRT VUYL v BIUBFHRUHEY CBIEHE
xv ORRIEFN2-13

= (lv +Ev) /2 (2—13) .

cTREND[0] » 2hid. ALNZ2BBEROBTOTREED. THNBALN
EDRLEBALEERL. PILIFRCVED—EORGTAELE SBOBSR
MECEBLTRRIDIUHTED, R Pretorius BIEVUH 1 KOERRBE
S | L EBEBICEEL YUY ROEEERBR Y ESBESBOBIRMEEDBFENS
U H A REREGERDTID[10], FB. PILSF RICDNTRHRIEESELR
# (Effective heat of formation ) &F&EL. T I —ALLEHDIET | AQa
HOESHEUEBSCERLOTVNIEESHBALTLBI8] .

B2, 1813 PILE F+ ROBRERR Y BIEMEOBRELHT, RSTR/NTFEE
(CEDTROEOREIRTH D, SEOBIEMECIYALNICHT DB - B
RISBENERNT ZENTED, 2EOBKRUEN 1. 34eVELOTEE(CTP
ILE T ROERERBRITOL HDe 1. 34 VUTOBRREEELHIEE.
BrIEZr (1. 22eV) « Nb (1. 23eV) . Mg (1. 23eV) ,
Hf (1. 23eV) « Mo (1. 30eV) . Ta (1. 33eV) HALNZD
RICPILEF REMRTETH D, TasBBRAPILS 1 ROBEERHASET
BHRDEDHPILIFA REERTERZEHADND. LALBHS, XBOEHEHHS
ALN/TaftHCRPILIF 7 REBHRREINT . ALN/TaREOLBA L
ERBHVEO. EBALTERLTEPILSFARELTHRELEL. PILS
NAERL TEPEILI P ARBTH DR DBRHIC LD EIBND. RERHED
SEA L ERBICEL TIIB4BSTHND,
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CBERGCPILSF A RBEFELE, E207IL—FECrBIUT aDEsT
BRP I EBLBEREER DA PILI S REDRGBEAL. £3DTIL—
TEN | QBETEOBBEREELOL. PILS 7 REORIGBEAG. ALNLE
(CHBLEEHSBETHDT | £BR700CTHS950COREBHTT 1 AL,
EHRTDIEELOLE. T AL EERTDI—EORBITLITD 3 BRESICLY
HFTDIEHTERENG, 1. TIZALNREEALENICETTD. 2. £U
BALENET | BOCHETD. 3. PILS+ RAREICERT Do

ALNEDT | BBIUZ r BEPILZ - RERSEEZ B TEL BB REH
BONSE. PILEF 1 RESENSSBOBRBEECKET .
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1993.
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AZ N
substrate

Polishing

Metal
sputtering

XRD

K=270 W +:m1 . K1

Rmax 180 nm
Ra 25 nm

130nm :
Substrate temperature, 200°C
Base pressure, 2x10 Pa

Rate 1°C / sec

T =700, 830, 950°C

Time, 5 minutes

Ar gas pressure 1.1x10° Pa
Base pressure 5x10 Pa

V =50 kV, 1 =200 mA

XRD : X - ray diffraction analysis

rgre 21 EXperimental procedure
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Figure 2.2 Scheme of sputtering apparatus.
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Figure 2.4 Scheme of annealing apparatus.
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Joinning method of adhesion test jig
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Relation between metal film and adhesion strength
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Figure 2.7 XRD pattern of AIN/as—sputtered Ti.
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Figure 2.8 XRD pattern of AIN/Ti, after 700 °C, 5 min annealing.

45



O NN— N o m 9
Counts © 882 2 2 88
500 S Ox0. o o) 0 ©
X Ti
o A{N !
A TiAl
250 —
)
o
A

——x(010)

_— o

1l IHHTITIT]HHH]WUHIll]HIHHHITUH.HHI

20 30 40 50 60 70
Cu Ka—26

Figure 2.9 XRD npattern of AIN/Ti, after 830 °C, 5 min annealing.
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Figure 2.10 XRD pattern of AIN/Ti, after 950 °C, 5 min annecaling.
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Figure 2.11 XRD pattern of AIN/Ti, after 830 °C, 60 min annealing.
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Table 2.2 Result of XRD of AIN/Ti

Treatment Compounds
Temp. (OC) , time(s)
As sputter TiCAZ N
700. 300 et
N TiCAZ N
v Ti AL .
830. 300 .
TiCAZ N
, Ti ALg TiyN
950. 300 . |
Ti.AZ N
Ti N.Ti Ay
8303600 | i N TiasN
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Figure 2.13 XRD patterns of AIN/Zr.
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Figure 2.14 XRD patterns of AIN/Cr.
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during 830 °C, 5 min annealing. |
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Metal (Ti)
sputtering

HR-TEM

K=270 W-m1. K1

Rmax 180 nm
Ra 25 nm
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- Substrate temperature, 200°C

Base pressure, 2x10"4 Pa

Rate 1°C / sec

T =830, 890, 950 °C

Time, 5 minutes

Ar gas pressure 1.1x10° Pa
Base pressure 5x10°4 Pa

400 kV

HR-TEM : High resolution TEM

mere 31 EXperimental procedure
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TEM image of interface A /N and as-sputtered Ti film.

Figure 3.2
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Uneven interface

20 nm

f interlayer between AIN and Ti film,
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|.—
A7

image o

TEM

AZN

after 890 OC, 300 s annealing
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FIoiochats BOS(D
110 230KkeVv = O

I Toskiba RO& D SR I Wb SN TN
110) 230KkeVv = @ © ROI C1) 90.000: O .000

TI/ALN TI POINT 2 M™3-7-3

(2) Interlaye Ti, AZ and N were detected

0N

CEIED 1T Toskaboe B0 0 L B R L R
Curgor!10 230KkeV » @ ROI <1> 0.000! ©.000

TR IR
PRI

10 240

TI/ALN ALN POINT 3 H3-7-3

| e

(3) AZN substrate

Figure 3.9 TEM image and EDX spectrum of AIN/Ti after 950 GC, 300 s
annealing.
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v
& | D\ 156 kd/mol K

Ti bulk solid (Activation energy)
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¢

-
N
T
|
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. —
t=Aexp (-Ea/RT)

N\ 160 kd/mol K

(Activation energy)
| l '

N
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of annealing 1000/T (K™)

Thickness of TiA¢, layer (nm)
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©
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%
]

-
©
!

Figure 3.11

Relationship between reciprocal temperature
and thickness of TiA¢; layer
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Figure 3.12
Relationship hetween reciprocal temperature
and thickness of A¢N decomposition

(During TiA¢3 layer forming)
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AZ N
substrate

" Metal
sputtering

- XPS

K=270 W +m1 . K-

Rmax 180 nm
Ra 25 nm

130 nm

Substrate temperature, 200°C
Base pressure, 2x104 Pa

Rate 1°C / sec

T =700, 830, 950°C

Time, 5 minutes

Ar gas pressure 1.1x10° Pa
Base pressure 5x10* Pa

V=9KV, 1=200mA (A/Ka)

XPS : X -ray photoelectron spectrometry

rigere 4.1 EXperimental procedure
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§30°C.300s , brazing

Adhesion strength V
DO o
- O

—
—

o 1 2 3 4 5
Content of forming Al (at.%)

Figure 4.6
Relation between adhesion strength and content of

forming Al
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Figure 4.10 XPS of Alzs and Al2p core levels between AIN and

as—sputtered Zr film.
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Relation between standard heat of Al and

electronegativity of metal
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Table 5-1 JCPDS data of TizAlN

18-70
—~
d 2.25 6.80 1.25 6.80 (TiAIN)8H
/1, 100 80 80 80 Aluminum Titanium Nitride
Rad. CuKa a 1.5418 Filter Ni  Dia dA | UL | hd
Cut off I/1, Visual 6.80 80 002
Ref. Jeitschko et al,, Monatsh. Chem, 94 1198-1200 2,587 | 50 100
(1963) 2.536 | 10 101

2.251 | 100 | 006,103

Sys.  Hexagonal 8.G. 2,055 | 10 | 104
. 4,544 ’

3, 2.994 b @ 13.61 A € 220 | 1.702] 60 | 106,008
n 8 Y 2 2 Dx 4.30 1.550| 5 107
Ref. Ibid. 1.492 | 60 110

1.366 5 114
ta nwg ty Sign 1.300| 55 109
2V D mp Color 1.246 ] 80 | 116,203
Ret - )

1
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Figure 5.5

TEM image and EDX spectrum of AIN/Ti after 890
°C, 300 s annealing with 100 °C/s of heating and
cooling rate
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Figure 5.7 ED pattern of TizAlN )
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| Table 5.2 Result of ED of AIN

C 11 2. 286 2. 370
100 2. 759 2. 699
211 [, 481 I, 480

01 2. 286 2. 3710
122 [, 263 [, 319
111 1. 481 1. 485
122 0. 9524 | 0. 9426

111




Table 5—3 Result of ED of reaction layer.

ffE (A)

g (h 3 ) T T

111 0. 449 | 2. 547
100 2. 637 | 2,593
211 1,519 | 1488
01T | 2. 400 | 2543
192 1333 | 1462 |-
111 | 1481 | 1488
199 0. 9524 | 0.9700
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Table 5—4 Lattice spacing of AIN.

(KL 3 (K-LI) &I L 7=

hkl mfEkg | hkl i) hkl L)
100 |2.695 200 |1.347 300 |0.8982 |a=3.1114.
101 2370 -101 2. 370 10-1 2.370 c=4.9792
~10-1 2370 111 1. 485 -111 2.370
1-11 2.370 11-1 1. 485 -1-11 1. 485 -11-1 2.370
1-1-1 2.370 - |-1-1-1 [ 1.485 201 1.301
-201 1.301 . | 20-1 1. 301 -20-1 1. 301
102 |1.829 -102 1. 829 10-2 1. 829
-10-2 1.829 211 0.9978 |-211 1. 485
2-11 1. 485 21-1 0.9978 | -2-11 0.9978
-21-1 1. 485 2-1-1 1. 485 -2-1-1  10.9978
112 |1.319 -112 1. 829 1-12 1. 829
11-2 1.319 ~1-12 1.319 1-1-2 1. 829
-11-2 1. 829 -1-1-2  {1.319 122 {0.9426
-122 1.319 1-22 1.319 12-2 0. 9426
-1-22, |0.9426 | 1-2-2 1. 319 -12-2 1.319
-1-2-2  10.9426 | 202 [1.185 |-202 1.185
20-2 1.185 -20-2 1.185 221 |0.7685
-221 1.301 2-21 1.301 22-1 0. 7685
-2-21 0.7685 |2-2-1 1.301 | -22-1 1. 301
-2-2-1 10.7685 | 222 |0.7425 |-222 1.185
2-22 1.185 22-2 0.7425 | -22-2 1.185
2-2-2 1.185 -9-22 0.7425 | -2-2-2 10.7425
103 |[1.413 -103 1. 413 10-3 1.413
-10-3 1.413 002 {2490 003 |1.660
004 |1.245 005 [0.9958 113 [1.135
-113 1. 413 1-13 1. 413 11-3 1.135
1-1-3 1.413 -1-13 1.135 -11-3 1.413
-1-1-3 | 1.135 311 |0.850 |-311 0. 9097
3-11 0.9087 | 31-1 0.8550 | -3-11 0. 8550
-31-1 0.9097 |3-1-1 0.9097 |-3-1-1 |0.8550
114 [0.9720 |-114 0.8830 |1-14 0. 8830
11-4 0.9720 |{-1-14 0.9720 | -11-4 0. 8830
1-1-4 0.8830 |-1-1-4 |{0.9720

113




Table 5-5 Lattice spacing of TizAlN .
hkl |miR |hkl (EEE |[hk1 | EERE
100 |2.593 200 1. 296 300 0.8643 |a=2.994
101 | 2.547 -101 2. 547 10-1 2. 047 c=13. 61
-10-1 2. 5417 111 1. 488 -111 2.897
1-11 2. 5417 11-1 1. 488 -1-11- 1. 488 -11-1 2. 547
1-1-1 2. 547 -1-1-1 | 1.488 201 1.291
~201 1. 291 20-1 1.291 -20-1 1.291
102 |2.423 -102 2.423 10-2 2.432
~10-2 2. 423 211 0.9775 | -211 1. 488
2-11 1. 488 21-1 0.9775 | -2-11 0.9775
-21-1 1. 488 2-1-1 1. 488 -2-1-1 1 0.9775
112 |1.462 -112 2.423 1-12 2. 423
11-2 1. 462 -1-12 1. 462 1-1-2 2.423
~11-2 2.423 -1-1-2 | 1.462 122 {0.9700
~122 1. 462 1-22 1. 462 12-2 0.9700
~1-22 g.9700 |1-2-2 1. 462 -12-2 1. 462
-1-2-2 1 0.9700 202 1.274 -202 1.274
20-2 1.274 -20-2 1.274 221 0. 7474
~221 1.291 2-21 1. 291 22-1 0. 7474
~2-21 0.7414 | 2-2-1 1.291 -22-1 1. 291
-2-2-1 | 0. 7474 222 [0.7440 |-222 1.274
2-22 1.274 22-2 0.7440 | -22-2 1.274
2-2-2 1.274 -2-22 0. 7440 | -2-2-2 |0.7440
103 |2.251 -103 2. 251 10-3 2.251°
~10-3 2.251 002 |6.805 003 4537
004 |3.403 005 [2.722 006 |2.268
007 |1.944 008 |1.701 009 |1.512
0010 |1.391 0011 |1.237 0012 |1.134
0013 |1.047 0014 0.9721 301 0. 8626

113 1. 422 -113 2.251
1-13 2. 251 11-3 1. 422 1-1-3 2. 251
-1-13 1.422 -11-3 2.251 | -1-1-3 (1422 -
311 [0.7181 |-311 0.9775 | 3-11 0.9775
31-1 0.7181 | -3-11 0.7181 -] -31-1 0.9775
3-1-1  10.9775 {-3-1-1 |0.7181 114 1. 370
~114 2. 062 1-14 2. 062 11-4 1.3170
-1-14 1.370 -11-4 2. 062 1-1-4 2. 062
-1-1-4 | 1.370
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Figure 5.11
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Figure 6.1 Experimental procedure
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Table 6—1 Line and space of test pattern

Line space (gm)

10

20 {30

40

20

8 0

100

Line width (gm)

LD

30145

60

7o

129

190

Table 6—3 Chemical composition of AIN surface after Ti removal

Substrate
temperature

T,

A,

le

Ols

Cls

Content

(at.%)

20 C

0. 09

20,0

17,9

30. T

20. T

2007

L 4%

28. 9

21,9

27,1

20. 17

- Binding
energy
(eV)

25 C

1538

73. 3

396

532

289

2007

1538

3.0

39T

232

289
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. Ti/Ni/Au sputtering
. Photo resist coating
. Exposure
4.ADevelopment\

. Au etching

. Ni etching

. Ti etching

. Photo resist removing

Figure 62 Etch off process flow chart
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Photo resist removal

Photo resist removal

Etch off Lift off

Figue 6.3 Patterning method
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Table 6-2. Composition of etching

aqueous solution

B e e e e

Au

12’:KI’:;H20=1 :1:4 (Weight)
Ni

FeClS:H20=1:25 X (Weight)
Ti |

NH4OH:H202:H20=7:12:40 (Volume)
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1. Photo resist coating

2. Exposure

3. Development

4. Ti/Ni/Au sputtering

5. Photo resist removing

Figwe 64  [,ift off process flow chart
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Figure 6.6 Relationship between number of Au deposition and line

space.
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Figure 6.9 High resolution XPS spectrum of AIN surface.
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Figure 6.12 Relation between substrate temperature and etching time of
Ti film.
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Figure 6.13 High resolution XPS spectrum of AIN/Ti, substrate
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Figure 6.16 Relation between Tifilm thickness and resistance of AIN
surface between lines.
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Figure 6.17 Relation between Tifilm thickness and adhesion strength.
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Constituent of sintering additives (wt.%)

Y 03 doped Y2()3 5.0

CaO doped CaO 3.0

Substrate size : 10 x 10 x 1.8 mm

Surface roughness, Ra : 20—30 nm

s
Etching solution: KCN, NH 4OH, HC(CI, HZSO A

Temperature: 50 OC, Concentration: 2.5 mol

Weight loss

Maximum step irregularity

Surface morphology

Figwe 7.1 Experimental procedure
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|

4x10°% m for AIN with Y,0,,

2x10_6 m for AIN with CaO

b: Maximum step irregularity

Figwe 7.2 Etching model of AIN ceramics
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- Change of maximum step irregularity of AIN -

surface with etching time in KCN aqueous solution
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Relationships between etching time and AIN

weight loss in KCN aqueous solution
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Figure 7.5 AFM image of as—polished AIN with Y203.
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Figare 7.7
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images of AIN surface after '

etching in KCN aqueous solution
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KCN aqueous solution.
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Figure 7.9 AFM image of AIN with CaO surface after 30 s ecthing in KCN

aqueous solution.
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{Figurc 7.10 AFM image of AIN with Y _O,, surface after 300 s ecthing in
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KCN aqueous solution.
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Figure 7.11 AFM image of AIN with CaO surface after 300 s ecthing in

KCN aqueous solution.
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Figure 7.14 2 3

SEM images of AIN surface after etching

in NH OH aqueous solution
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Figure 7.16 AFM image of AIN with CaO surface after 30 s ecthing in

NH 4OH aqueous solution.
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Relationships between etching time and AIN

weight loss in HCI aqueous solution
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'Figure 7.21 AFM image of AIN with CaO surface after 30 s ecthing in

HCl aqueous solution.
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Figure 7.22 AFM image of AIN with Y 03 surface after 10 ks ecthing in

_ 2
HCl aqueous solution.
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Weight loss of AN (g/erd)
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Relationships between etching time and AIN

weight loss in HZSO 4 2queous solution
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Figure 7.25 2 3 ‘ .
SEM images of AIN surface after
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Figure 7.26 AFM image of AIN with Y203 surface after 30 s ecthing in
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Abstract of a thesis for a doctorate

Study of the interface phenomenon between metal thin film and substrate

on AlN ceramics package

Taka—-aki Yasumoto, 93D50072
Department of Inorganic Materials, Faculty of Engineering,
Tokyo Institute of Technology

1. Introduction

Aluminum nitride (AlN) ceramics has been applied to semiconductor
packages and substrates owing to its high thermal conductivity. Thin
film metallizing achieves a higher wiring density and a larger number
of input/output terminations for a package than can be realized with
conventional metallization. The characterization of the interface
between AIN ceramics and a thin film metal is important for process
design and reliability in semiconductor packages.

In this paper, the thin film metallization on the AIN ceramics was
studied from the viewpoint of the mutual reaction between AIN ceramics
and metal thin films. '

2. Reaction at the interface between AIN ceramics and metal thin films
during heat treatment

High temperature reaction between AIN and metal thin films were

studied. Thin films of Ti, Zr, Cr, Ta, and Ni were sputtered on
ceramics AIN and annealed at temperature between 700 0C and 950 OC.
" These films have been classified into the following three groups'éfter
830 °C annealing. Thin films of Ti and Zr formed aluminides at the
interface and showed a high adhesion strength over 44 MPa. Thin films
of Cr and Ta had high adhesion strength over 44 MPa, observed not
compound peak by XRD. Poor adhesion strength of 44 kPa was obtained
between AIN and Ni and no compound was found at the interface.
Films of Ti formed TiAl3 aluminide in the temperature range of 700 ¢
to 950 °
reduced the surface of AIN ceramics to metallic Al and N, (2)Al and N

C. It was assumed that the following steps occurred, (1)Ti
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diffused into the Ti film, and (3)an aluminide compound formed as shown
in Fig. 1. The obtained high adhesion strength of Ti and Zr thin films
on AIN ceramics is considered to have been resulted from the aluminide
formation by reaction between AIN and metal thin films.

These abilities depend on the electronegativity of metals. The
degrees of reaction between AIN ceramics and metal thin films
were estimated from the relationships of their
electronegativity and standard heat of formation of aluminides as shown
in Fig. 2. It is possible that aluminides are formed on AIN ceramics
with elements having electronegativities under 1.34 eV, such as Zr
(1.22 eV), Nb (1.23 eV), Mg (1.23 eV), Hf (1.23 eV), Mo (1.30 eV),and
Ta (1.33 eV).

3. Formation of the interlayer between AIN ceramics and metal thin

films, and the interfacial structure

The mechanism of TiAl3 layer growth between AIN and Ti film during
high temperature annealing at temperature range from 830 °¢ to 950 %
was studied for interfacial structure analysis using HR-TEM. | The
thickness of the interlayer increased with increasing annealing
temperature. Figure 3 shows the reaction mechanism for forming TiAl3
between AIN and Ti film, and activation energy. The activation energy
for forming the TiAl3 layer was 160kJ/mol K, and this reaction was

controlled by the process of Al diffusion in the Ti layer.

4. Observation of chemical state from XPS snalysis of the interface
between AIN ceramics and metal thin films before and after heat
treatment

Metallic Al of 0 valence was confirmed in the as-sputtered and 830
°C annealed samples using Ta, Cr, Ti and Zr films. The amount of
metallic Al formed at the interface was 9 at.% for Zr, 5 at.% for Ti, 3
at.% for Ta, 2 at.% for Cr, and 0 at.% for Ni in both samples. These
films have been classified into three groups. In the first group, Ti
and Zr metals had high adhesion strength and an aluminide layer, and Al
was found at the interface. In the second group, Ta and Cr metals had
high adhesion strength and Al was found at the interface. In the third
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group, Ni metal showed a low adhesion and no Al.

Metallic Al was formed at the interface of AIN ceramics and Zr,
Ti, Ta, and Cr thin films. Those films reduced the surface of AIN
ceramics to metallic Al and N. 1In spite of the standard heat formation
of Al, such as Cr for +70 kJ/g atom and Ta for +23.7 kJ/g atom, the
reduction of AIN occurred at a limited area of interface. Figure 4
shows the relationships between amount of formed metallic Al and
average electronegativity. The forming layer of containing of metallic

Al plays a role of an adhesion layer at the interface.

5. Formation of TiZAlN epitaxial layer at thebinterface between AIN and
Ti film '
Ti,ALIN epitaxial layer between AIN and Ti film was formed at 890

2
OC for 300 s with 100 OC/S heating and cooling speed. Figure 5 shows

the result of electron diffraction of TizAlN epitaxial layer. TiAl3
layer between AIN and Ti film was formed at 890 °C for 300 s with 1
OC/s heating and cooling speed. The formation of interlayer depends on |
heating and cooling speed. Diffusion coefficient of N into Ti film is
about 102 - 106 times as long as that of Al. The concentration of N
diffused into Ti film with 100 OC/s heating and cooling speed was

higher than that with 1 OC/s heating and cooling.

6. Electrical resistance change at AIN ceramics surface after Ti film

removal

Electrical resistance at AIN ceramics surface after removal Ti
film depends on the substrate temperature during Ti sputtering.
Electrical resistance of AIN ceramics surface at the substrate
temperature of 25 ¢ during sputtering was nearly close to that of AIN
ceramics before Ti sputtering. Figure 6 shows the effect of sputtering
temperature on surface resistance, Ti content, and metallic Al content.
Electrical resistance of AIN ceramics surface at the substrate
temperature of 200 % during sputtering was about 100 times as long as
that at the substrate of 25 °

surface after Ti removal was 1.45 at.% for AIN ceramics at the

C. The residue of Ti at AIN ceramics
substrate temperature of 200 °% during sputtering. On the other hand,
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the residue of Ti was 0.09 at.% for AlN ceramics at the substrate
temperature of 25 %. T1203 covered with AlIN ceramics surface at the
substrate temperature of 200 °C. The amount of Ti residue depends on

the amount of metallic Al formed at the interface during Ti sputtering.

7. Etching resistivity of AIN ceramics surface

The etching resistivity of AIN ceramics surface was investigated on
properties of pull-out for AIN ceramics grain and uneven dissolution in
chemical agents. Maximum step irregularity (MSI) of AIN with Y203
finally reaches to 7x10“7 m at 10 ks at 50 °C in the aqueous solution
of 2.5mol KCN as shown in Fig.7 . This value is below the grain size
of AIN ceramics, 4}(10_6 m. AlN grains did not begin to pull-out, when
the MSI value was below the AIN grain size. MSI of AIN ceramics with
Ca0 reached to 2x10—6 m at 3 ks in the same solution. This value is
equal to the limit value of 2}(10‘6 m. No pit was observed on the
surface of AIN ceramics with Y203 until 10 ks from SEM result.
However, many pits were observed at the grain boundary even at 30 s on
the surface of AIN ceramics with Ca0. The etching resistivity for AIN
with Y,0, is about 300 times as long as that with Ca0.

273
Etching resistivity in 2.5 mol NH4OH, HC1l, and H,SO, aqueous solution

was also investigated and discussed. The surface20f4AlN ceramics with
Y203 was confirmed to be stable against the each aqueous solution from
the evenly AIN etching model as shown in Fig.8. The surface of AIN
ceramics with Ca0 received a great deal of damage in etching solution

from the preferred grain boundary etching model.

8. Conclusion

In this paper, the adhesion mechanism between AlN ceramics and
metal thin films after high temperature annealing was clarified, and
the surface characterization of AlN ceramics etched off thin films were

investigated.
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