
EP 0 431 606 B1 Description BACKGROUND OF THE INVENTION 5   Field of the
Invention The present invention relates to a ceramics substrate for
mounting electronic components and the like thereon, and more particularly
to a surface structure of a ceramics substrate having superior heat
resistance and method of manufacturing the same. 10 Description of the
Background Art A surface of a ceramics substrate is metallized to mount or
seal electronic components. With reference to Fig. 1 showing a conventional
surface structure of a ceramics substrate, a refractory metal 2 such as W
or 15  Mo isformed by baking on a ceramic substrate 1 of alumina,
forexample, an Ni plating layer3 is formed thereon, and an Au plating layer
4 is formed further thereon. The Ni plating layer 3 facilitates soldering
of the electronic components or the like, and serves to protect the
metallized layer 2 formed thereunder. The Au plating layer 4 prevents
oxidation of the Ni plating layer 3 formed thereunder to provide superior
connection between the Ni plating layer 3 and the electronic components,
thereby maintaining superior reliability of the electronic com- 20  ponents
and the like. When elements are to be bonded on the Au plating by
soldering, the ceramics substrate or the surface of the ceramics substrate
is heated. However, the uppermost Au layer is tarnished by the heating,
which prevents superior bonding. The cause of the tarnish of the Au plating
layer may be diffusion of Ni of the Ni plating layer into the Au plating
layer caused by heating, in which Ni is coupled with oxygen introduced from
the air, providing 25  Ni oxide. In order to avoid the above described
problem, the thickness of the Au plating layer is generally made as thick
as about 2[err]. However, in orderto reduce cost, the Au plating
layershould preferably be reduced in thick- ness. Japanese Patent Laying
Open No. 59-114846 discloses a method of suppressing diffusion of Ni in the
Ni 30  plating layer to the Au plating layer. More specifically, after the
Ni plating layer is formed, the Ni plating layer is heat treated with a
temperature range of 900C to [err] in a reducing atmosphere, so as to
improve heat resistance of the Ni plating layer. However, the above method
cannot sufficiently prevent tarnish of the Au plating layer. Especially
when the thickness of the Au plating layer is not larger than 1[err], the
Au plating layer is tarnished when electronic 35  components and the like
are bonded. JP-A-59 114 846 discloses a surface structure with the features
of the preamble of claim 1. SUMMARY OF THE INVENTION 40      The present
invention was made in view of the foregoing and its object is to provide a
surface structure of a ceramics substrate capable of suppressing diffusion
of Ni in the Ni layer to the Au plating layer and of reducing thickness of
the Au plating layer, and to provide a method of manufacturing the same.
The surface structure of the ceramics substrate in accordance with the
present invention is characterized in claim 1. 45      The method of
manufacturing the surface structure of the ceramics substrate in accordance
with the pres- ent invention, is characterized in claim 6. In the present
invention, NiAu alloy layer is positioned below the Au plating layer. Since
Ni in the NiAu alloy layer is not easily released, diffusion of Ni into the
Au plating layer can be suppressed sufficiently. Therefore, the Au plating
layer can be reduced in thickness. 50      The foregoing and other objects,
features, aspects and advantages of the present invention will become more
apparent from the following detailed description of the present invention
when taken in conjunction with 



the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS 55 Fig. 1 is a
sectional view showing a conventional surface structure of a ceramics
substrate; and Figs. 2A to 2E are sectional views for explaining a method
of manufacturing a surface structure of a cer- amics substrate in
accordance with the present invention. 2    EP 0 431 606 B1 DESCRIPTION OF
THE PREFERRED EMBODIMENTS An example of a specific processing method to
provide the surface structure of the ceramics substrate in accordance with
the present invention will be described in conjunction with Figs. 2A to 2E
in the following. 5       First, a metallized layer 12 is formed on a
ceramics substrate 11, as illustrated in Fig. 2A. Arefractory metal such as
W, Mo or Ta may be employed as a metal for forming the metallized layer 12.
A plating layer may be formed on the refractory metal layer. Vapor
deposition, ion plating, sputtering or the like may be employed to form the
metallized layer. As illustrated in Fig. 2B, an Ni layer 13 is formed on
the metallized layer 12. Various methods may be used 10  for forming the Ni
layer 13. Preferably, an electrolytic plating method is employed.
Electroless plating may be employed. However, the Ni layer may be formed
not by the plating method but vapor deposition, ion plating or sputtering.
Then an Au layer 14 is formed on the Ni layer 13, as illustrated in Fig.
2C. At this time, the Au plating layer 14 may be formed by usual plating
method or by vapor deposition, ion plating or sputtering. The Ni layer may
15  be formed not directly on the metallized layer. The Ni layer may be
formed after another metal layer is formed. The above mentioned Ni layer 13
and the Au layer 14 should have as uniform thickness as possible on the
entire surface, respectively. If these layers are not uniform in thickness,
color shade may be generated. The ratio of thickness of the Au layer 14 to
that of Ni layer 13 is preferably not larger than 1/2. If the thickness of
the Au layer 14 is larger than this ratio, it will be difficult to have a
suitable alloy layer by the alloying proc- 20  essing described later. The
most preferable ratio of the thickness of the Au layer 14 to the Ni layer
13 is not higher than 1110. Then the ceramics substrate 11 having the
metallized layer 12, the Ni layer 13 and the Au layer 14 thereon is heated
for4 to 5 minutes in a non-oxidizing atmosphere at a temperature higherthan
[err] to cause alloying reaction between the Ni layer 13 and the Au layer
14. By this heat treatment, an NiAu alloy layer 15 is formed 25  as the
uppermost layer, as illustrated in Fig. 2D. Then an Au plating layer 16 is
formed by usual plating method on the NiAu alloy layer 15, as illustrated
in Fig. 2E. Preferably, electrolytic plating method or electroless plating
method is employed to form the Au plating layer 16. The heat resistance is
improved as the thickness of the Au plating layer 16 is increased. However,
since the NiAu alloy layer 15 below suppresses releasing of Ni, diffusion
of Ni to the Au plating layer 16 can 30  be prevented as much as possible.
Therefore, even if the thickness of the Au plating layer 16 is not larger
than 1.0[err], tarnish of the Au plating layer 16 is not generated during
heating for bonding the electronic components and the like. The heat
treatment for bonding is usually carried out under the condition of [err] x
3 min. since the NiAu alloy layer 15 suppresses release of Ni, the
sufficientthickness of the Au plating layer 16 is generally about 0.2[err].
In any case, the thickness of the Au plating layer 16 is determined
corresponding to the necessary 35  characteristics. Example 



16A[err]N substrates having W metallized layerwere prepared. An Ni plating
layer was formed under various 40  conditions on each substrate, and an Au
plating layer was formed thereon. Table 1 shows thicknesses of the plating
layers corresponding to the respective samples. 45 50 55 3    EP 0 431 606
B1 Table 1 Sample   Ni             Au          Heating           Upper-
Tarnish No.        plating   plating   temperature   most Au    evalu- 10
thick-    thick-         [err]              plating    ation ness([err])
ness([err])  laver([err]) 1          3         0.1             900
0.05       [err] 2          3         0.1            900             0.1
o 3          3        0.1            900                0.3       o 4
3             0.1           900           0.8            o 5          3
0.1            900         1.0        o 6          3      1
400                 0.5         [err] 25             7    3   0.1    700
0.5.           o 8          3        0.1           1000             0.5
o 9            3     0.1             -                              0.5
X 30          10               1     0.1  1         900             0.5
[err] 11           5      10.1             900            0.5             o
35       12           7        0.1             900.         0.5
o 13         5          0.2            900             0.5            o 14
5        1.0              900          0.5              o 40          15
4          0.2            900              0.5              o 16          4
0.2             900             0.5          o 45 Except the sample No.9,
heat treatment was carried out for 15 samples with different heating
temperature in a currentof hydrogen, to cause alloying reaction between the
Ni plating layerand theAu plating layer. Finally, an Au plating layer was
formed as the uppermost layer on each of the samples. The tarnish of the
uppermost Au plating layer of each sample was evaluated. The evaluation was
carried 50  out by heat-treating the finally obtained samples for 5 minutes
in an atmosphere of [err], and the tarnish of the uppermostAu plating
layerafter heattreatmentwas examined. In Table 1, the mark o represents no
tarnish, the mark [err] represents slight tarnish and X represents serious
tarnish. On the sample No. 15, an Ni layer having the thickness of 4pm was
formed by sputtering and an Au plating layer having the thickness of
0.2[err] was formed thereon by plating. On the sample No. 16, an Ni layer
having 55  the thickness of 4pm was formed by sputtering, and an Au layer
having the thickness of 0.2[err] was formed thereon by sputtering. Although
tarnish was not exhibited on the sample No. 14, color shade appeared. As to
the sample No. 9 which exhibited serious tarnish, heattreatmentfor alloying
reaction was not carried out on this sample. This is the cause of the
serious tarnish of the uppermost Au plating layer. 



4    EP 0 431 606 B1 As to the sample No. 1, the thickness of the uppermost
Au plating layer was considerably small compared with other samples. Since
the uppermost Au plating layer was too small in thickness, slight tarnish
occurred. As to the sample No. 6, the heating temperature for the alloying
reaction was lower compared with other samples. The lower temperature is
considered to be the cause of tarnish. 5       As to the sample No. 10, the
thickness of the Ni plating layer was considerably smallerthan other
samples. This is considered to be the cause of tarnish of the uppermost Au
plating layer. Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is by way of
illustration and example only and is not to be taken by way of limitation.
10 Claims 1.  Asurface structure of a ceramics substrate (11), comprising a
metallized layer (12) of a refractory metal, a Ni layer (13) formed on said
metallized layer (12), and an Au plating layer (16) formed thereon 15
characterized in that a NiAu layer (15) is provided on said Ni layer (13)
and below said Au plating layer (16). 2.  A surface structure of a ceramics
substrate according to claim 1, wherein a thickness of said Au plating
layer (16) is not larger than 1.0 [err]. 20 3. A surface structure of a
ceramics substrate according to claim 2, wherein a thickness of said Au
plating layer (16) is in the range of 0.2 [err] to 1.0 [err]. 4. A surface
structure of a ceramics substrate according to any of the preceding claims,
comprising 25       an AIN substrate (11). 5.  A surface structure of a
ceramics substrate according to any of the preceding claims, wherein said
re- fractory metal is W, Mo or Ta. 30   6.  A method of manufacturing a
surface structure of a ceramics substrate, comprising the steps of forming
a metallized layer (12) of a refractory metal, a Ni layer (13) and an Au
layer (14) in this order on a surface of a ceramics substrate (11),
characterized by heating said substrate in a non-oxidizing atmosphere to
cause alloying reaction between the Ni layer (13) 35       and the Au layer
(14), and forming an Au plating layer (16) on the NiAl alloy layer (15). 7.
A method according to claim 6, wherein said heat treatment for alloying
reaction is carried out in a non- oxidizing atmosphere and at a temperature
not less than [err]. 40 8.  A method according to claim 6 or 7, wherein a
thickness of said Au plating layer (16) is not larger than 1.0 [err]. 9.  A
method according to claim 8, wherein a thickness of said Au plating layer
(16) is in the range of 0.2 [err] 45      to 1.0 [err]. 10. A method
according to any of claims 6 to 9, wherein the ratio of the thickness of
said Au layer (14) to that of said Ni layer (13) is not larger than 1/2. 50
PatentansprOche 



1.  Oberflichenstruktur eines Keramiksubstrates (11) miteiner
metallisierten Schicht(12) eines hitzebestin- digen Metalls, einer
Ni-Schicht (13), die auf der Metallschicht (12) vorgesehen ist, und einer
Au-Plattie- 55       rungsschicht (16), die darauf gebildet ist, dadurch
gekennzeichnet, dall eine NiAu-Schicht (15) auf der Ni-Schicht (13) und
unterhalb derAu-Plattierungsschicht (16) vorgesehen ist. 5    EP 0 431 606
B1 As to the sample No. 1, the thickness of the uppermost Au plating
layerwas considerably small compared with other samples. Since the
uppermost Au plating layer was too small in thickness, slight tarnish
occurred. As to the sample No. 6, the heating temperature for the alloying
reaction was lower compared with other samples. The lower temperature is
considered to be the cause of tarnish. 5       As to the sample No. 10, the
thickness of the Ni plating layer was considerably smaller than other
samples. This is considered to be the cause of tarnish of the uppermost Au
plating layer. Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is by way of
illustration and example only and is not to be taken by way of limitation.
10 Claims 1.  A surface structure of a ceramics substrate (11), comprising
a metallized layer (12) of a refractory metal, a Ni layer (13) formed on
said metallized layer (12), and an Au plating layer (16) formed thereon 15
characterized in that a NiAu layer (15) is provided on said Ni layer (13)
and below said Au plating layer (16). 2.  A surface structure of a ceramics
substrate according to claim 1, wherein a thickness of said Au plating
layer (16) is not larger than 1.0 [err]. 20 3.  A surface structure of a
ceramics substrate according to claim 2, wherein a thickness of said Au
plating layer (16) is in the range of 0.2 [err] to 1.0 [err]. 4.  A surface
structure of a ceramics substrate according to any of the preceding claims,
comprising 25       an AIN substrate (11). 5.  A surface structure of a
ceramics substrate according to any of the preceding claims, wherein said
re- fractory metal is W, Mo or Ta. 30   6.  A method of manufacturing a
surface structure of a ceramics substrate, comprising the steps of forming
a metallized layer (12) of a refractory metal, a Ni layer (13) and an Au
layer (14) in this order on a surface of a ceramics substrate (11),
characterized by heating said substrate in a non-oxidizing atmosphere to
cause alloying reaction between the Ni layer (13) 35       and the Au layer
(14), and forming an Au plating layer (16) on the NIAu alloy layer (15). 7.
A method according to claim 6, wherein said heat treatment for alloying
reaction is carried out in a non- oxidizing atmosphere and at a temperature
not less than [err]. 40 8.  A method according to claim 6 or 7, wherein a
thickness of said Au plating layer (16) is not larger than 1.0 [err]. 



9.  A method according to claim 8, wherein a thickness of said Au plating
layer (16) is in the range of 0.2 pm 45      to 1.0 [err]. 10. A method
according to any of claims 6 to 9, wherein the ratio of the thickness of
said Au layer (14) to that of said Ni layer (13) is not larger than 112. 50
Patentanspruche 1. OberflAchenstruktur eines Kerami ksubstrates (11) mit
einer metallisierten Schicht (12) eines hitzebestan- digen Metalls, einer
Ni-Schicht (13), die auf der Metallschicht (12) vorgesehen ist, und einer
Au-Plattie- 55       rungsschicht (16), die darauf gebildet ist, dadurch
gekennzeichnet, daB eine NiAu-Schicht (15) auf der Ni-Schicht (13) und
unterhalb derAu-Plattierungsschicht (16) vorgesehen ist.    EP 0431 606 BI
I                S 1 2.  Oberflichenstruktur eines Keramiksubstrates gemgB
Anspruch 1, worin sine Dicke derAu-Plattierungs- schicht (16) nicht
gr8er'als 1,0 pm ist. 3.  Oberflachenstruktur eines Keramiksubstrates gemni
Anspruch 2, worin sine Dicke derAu-Plattierungs- 5       schicht (16) in
dem Bereich von 0,2 Jim bis 1,0 pm liegt. 4.  Oberflichenstruktur sines
Keramiksubstrates gemral einem dervorangegangenen Anspriche, mit einem
AIN-Substrat (11). 10  5.  Oberflachenstruktur eines Keramiksubstrates nach
einem der vorangegangenen Anspruche, worin das hitzebestandige Metall W, Mo
oder Ta ist. 6. Verfahren zur Herstellung einer Oberflachenstruktur sines
Keramiksubstrates, umfassend die Schritte der Bildung einer metallisierten
Schicht (12) aus hitzebestandigen Metall, einer Ni-Schicht (13) und einer
15      Au-Schicht (14) in dieser Reihenfolge auf einer Oberfiiche eines
Keramiksubstrates (11), gekennzoich- not durch Aufheizen des Substrates in
einer nicht-oxidierenden Atmosphare, um eine Legierungsreaktion zwischen
der Ni-Schicht (13) und der Au-Schicht (14) herbeizufrlhren, und Bilden
einerAu-Plattierungsschicht (16) auf der NiAu-Legibrungsschicht (15). 20 7.
Verfahren nach Anspruch 6, wornn die Warmebehandlung frr die
Legisrungsreaktion in einer nicht- oxidierenden Atmosphare und bei einer
Temperatur von nicht weniger als 500C ausgeffhrt wird. 8. Verfahren nach
Anspruch 6 oder 7, worin die Dicke der Au-Plattierungaschicht (16) nicht
gr6ler als 1,0 25       pm ist. 9. Verfahren nach Anspruch 8, worin sine
Dicke derAu-Plattierungsschicht (16) in dem Bereich von 0,2 pm bis 1,0 ttm
liegt. 30   10. Verfahren nach einem der Ansprriche 6 bis 9, worin das
Verhaltnis der Dicke der Au-Schicht (14) zu der der Ni Schicht (13) nicht
groer als 1:2 ist. Revendications 35 1.  Structure de surface d'un substrat
ceramique (11) comprenantune couche m6tallisee (12) d'un m6tal r6-
fractaire, une couche Ni (13) form6e sur cette couche m6tallis6e (12) et
une couche de placage Au (16) form6e sur celle-ci, caracterisee en ce
qu'une couche NiAu (15) est prevue sur la couche Ni (13) et au- dessous de
cette couche de placage Au (16). 



40 2.  Structure de surface d'un substrat ceramique selon la revendication
1, dans laquelle une epaisseur de Ia couche de placage Au (16) n'est pas
superieure A 1,0 pm. 3.  Structure de surface d'un substrat c6ramique selon
la revendication 2, dans laquelle l'epaisseur de la 45      couche de
placage Au (16) se situe dans la plage de 0,2 A 1 pm. 4.  Structure de
surface d'un substrat ceramique selon 'une quelconque des revendications
pr6c6dentes, comprenant un substrat AIN (11). 50  5.  Structure de surface
d'un substrat ceramique solon l'une quelconque des revendications
precedentes, dans laquelle le m6tal r6f ractaire est W, Mo ou Ta. 6.
Proced6 de fabrication d'une structure de surface d'un substrat ceramique
comprenant les etapes consis- tant a 55            former une couche
metallishe (12) d'un metal r6fractaire, une couche Ni (13) et une coucheAu
(14) dans cot ordre sur une surface d'un substrat ceramique (11),
caracterise par le fait de chauffer le substrat dans une atmosphere non
oxydante pour provoquer la reaction d'alliage 6    I!II,     11111 l ijl
1111611 Jll ll l EP 0 431 606 SI* c L entre la couche Ni (13) et la couche
Au (14), et former une couche de placage Au (16) sur la couche d'alliage
NiAu (15). 7. Procede selon la revendication 6, dans lequel le traitement
thermique pour la reaction d'alliage s'effectue s       dans une atmosphere
non oxydante et A une temperature non inferieure A 5000C. 8.  Proced6 selon
la revendication 6 ou 7, dans lequel une epaisseur de la couche de placage
Au (16) n'est pas superieure A 1,0 pm. 10  9.  Procedb selon la
revendication 8, dans lequel l'epaisseur de la couche de placage Au (16) se
situe dans laplagedeO,2pmA1,0gm. 10. ProodA salon l'une quelconque des
revendications 6 A 9, dans lequel le rapport entre l'bpaisseur de la couche
Au (14) et l'bpaisseur de la couche Ni (13) n'est pas sup6rieur A 112. 15
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