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(57) ABSTRACT 
An easy-to-manufacture structure of a ceramic heater having 
a high durability and a manufacturing method thereof are 
provided. The ceramic heater may be used in an oxygen 
sensor for automotive air-fuel ratio control systems and 
includes a ceramic square rod formed With a laminate of a 
heater substrate on Which a heater-patterned layer consisting 
of a heater element and leads is formed and a covering 
substrate covering the heater-patterned layer. Metallic ter 
minals are connected electrically to the leads of the heater 
patterned layer, respectively, and mounted on surfaces of the 
ceramic square rod opposed to each other in a direction of 
lamination of the heater substrate and the covering substrate, 
respectively. At least one outer lead is joined to one of the 
metallic terminals through a bonding layer. 
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GAS SENSOR WITH CERAMIC HEATER 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention relates generally to a gas 
sensor Which may be employed in an air-fuel ratio control 
system for automotive vehicles for measuring the concen 
tration of gas such O2, NOX, or CO, and more particularly 
to an improved structure of a ceramic heater used in gas 
sensors and a manufacturing method thereof. 

[0003] 2. Background Art 

[0004] FIGS. 1(a) and 1(b) shoW one example of conven 
tional ceramic heaters Which is built in an oxygen sensor for 
use in air-fuel ratio control of automotive internal combus 
tion engines. The ceramic heater 9 serves to heat a sensor 
element up to an elevated temperature to minimiZe a varia 
tion in measured value. 

[0005] The ceramic heater 9 consists of a ceramic square 
rod 10 made of a laminate of heater substrates and a 
covering substrate and metallic terminals 3 mounted on side 
surfaces 15 of the rod 10. The metallic terminals 3 connect 
electrically With leads of a heater-patterned layer in the rod 
10 and joined to outer leads 4 through solders 5, respec 
tively. 

[0006] In manufacturing the ceramic heater 9, green sheets 
101 and 102, as shoWn in FIG. 2(a), Whose main component 
is alumina are ?rst prepared. Next, a conductive paste is 
applied to the surface of each of the green sheets 101 to form 
a heater-patterned layer 2 consisting of pairs of a heater 
element 21 and a lead 22. The tWo green sheets 101 and the 
covering green sheet 102 are laid to overlap each other to 
form a three-layer laminate. The three-layer laminate is cut 
into several pieces as shoWn in FIG. 2(b). The metallic 
terminals 3 are formed on the side surfaces 15 of each piece 
Which communicate electrically With the leads 22 to make 
an intermediate. Subsequently, the intermediate is baked, 
after Which the outer leads 4 is, as shoWn in FIG. 2(c), 
Welded to the metallic terminals 3 through the solder 5. 
Finally, Welded portions of the outer leads 4 are, as indicated 
at numeral 6 in FIG. 1(b), plated With Ni to make the 
ceramic heater 9. 

[0007] The above ceramic heater 9 and the manufacturing 
method thereof, hoWever, have the folloWing draWbacks. 

[0008] The metallic terminals 3 are, as described above, 
mounted on the side surfaces 15 of the ceramic heater 9. It 
is, thus, only possible to attach the metallic terminals 3 to the 
square rod 10 after the three-layer laminate is cut as shoWn 
in FIG. 2(b). In other Words, a large number of terminal 
attachment processes are required in mass-production of 
ceramic heaters. 

[0009] In addition, the performance of the ceramic heater 
9 is usually inspected after the outer leads 4 are mounted 
thereon. A large number of individual inspections are also 
required in the mass-production of ceramic heaters, thus 
resulting in an increase in manufacturing cost. 

[0010] Another problem is also encountered in that the 
ceramic heater 9 is loWer in durability than a round rod 
heater 91 as shoWn in FIG. 3(a). The results of heat cycle 
tests shoW that portions of the ceramic heater 9 Welded to the 

Dec. 13, 2001 

outer leads 4 and the metallic terminals 3 tend to be cracked 
as compared With the round rod heater 91. This is because 
the angle [3 Which each of the metallic terminals 3 of the 
ceramic heater 9, as shoWn in FIG. 4, makes With the outer 
surface of the solder 5 is greater than the angle 0t Which each 
of the metallic terminals 3 of the round rod heater 91, as 
shoWn in FIG. 3(b), makes With the outer surface of the 
solder 5. The difference betWeen the angles 0t and [3 depends 
upon the geometry of the heaters 9 and 91 and thus is 
difficult to eliminate. The use of solder Which is soft enough 
to absorb internal stress ensures substantially the same 
durability of the portions of the rod 10 Welded to the leads 
4 as that of the round rod heater 91, hoWever, square rod 
heaters exhibiting higher durability even in use of harder 
solder is sought. 

SUMMARY OF THE INVENTION 

[0011] It is therefore a principal object of the present 
invention to avoid the disadvantages of the prior art. 

[0012] It is another object of the present invention to 
provide an easy-to-manufacture ceramic heater used in gas 
sensors Which has a high durability and a manufacturing 
method thereof. 

[0013] According to one aspect of the invention, there is 
provided a ceramic heater Which may be employed in an 
air-fuel ratio control system for automotive vehicles for 
measuring the concentration of gas such O2, NOX, or CO. 
The ceramic heater comprises: (a) a ceramic square rod 
formed With a laminate of a heater substrate on Which a 
heater-patterned layer consisting of a heater element and 
leads connected to the heater element is formed and a 
covering substrate covering the heater-patterned layer of the 
heater substrate; (b) metallic terminals connected electri 
cally to the leads of the heater-patterned layer of the heater 
substrate, respectively, the metallic terminals being mounted 
on surfaces of the ceramic square rod opposed to each other 
in a direction of lamination of the heater substrate and the 
covering substrate, respectively; and (c) at least one outer 
lead joined to one of the metallic terminals through a 
bonding layer. 
[0014] In the preferred mode of the invention, a second 
outer lead is further joined to the other metallic terminal 
through a bonding layer. 

[0015] The metallic terminals are electrically connected to 
the leads through holes formed in at least one of the covering 
substrate and the heater substrate. 

[0016] Each of the metallic terminals is mounted on an 
area inside edges of the surface of the ceramic square rod. 

[0017] The bonding layer occupies an area of a surface of 
the metallic terminal inside edges of the metallic terminal. 

[0018] The one of the metallic terminals contains 70 Wt % 
of W or more. The bonding layer contains 40 to 98 Wt % of 
Cu and 2 to 20 Wt % of Ni. 

[0019] The bonding layer may contain 60 Wt % of Au or 
less. 

[0020] An Ni-plated layer may be formed on the one of the 
metallic terminals, having a thickness of 3 pm or less. The 
outer lead is joined to the Ni-plated layer through the 
bonding layer. 
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[0021] According to the second aspect of the invention, 
there is provided a ceramic heater. The ceramic heater 
comprises: (a) a ceramic square rod formed With a laminate 
of heater substrates each having formed thereon a heater 
patterned layer consisting of a heater element and ?rst and 
second leads connected to the heater element and a covering 
substrate interposed betWeen the heater substrates; (b) ?rst 
and second metallic terminals connected electrically to the 
?rst and second leads of the heater-patterned layers of the 
heater substrates, respectively, the metallic terminals being 
mounted on surfaces of the ceramic square rod opposed to 
each other in a direction of lamination of the heater sub 
strates and the covering substrate; and (c) outer leads joined 
to the ?rst and second metallic terminals through bonding 
layers, respectively. 
[0022] In the preferred mode of the invention, the ?rst 
metallic terminal is connected to the ?rst leads of the heater 
substrates through conductive material-coated holes formed 
in the covering substrate and one of the heater substrates. 
The second metallic terminal is connected to the second 
leads of the heater substrates through conductive material 
coated holes formed in the covering substrate and the other 
heater substrate. 

[0023] Each of the bonding layers occupies an area of a 
surface of one of the metallic terminals inside edges of the 
metallic terminal. 

[0024] Each of the metallic terminals contains 70 Wt % of 
W or more. Each of the bonding layers contains 40 to 98 Wt 
% of Cu and 2 to 20 Wt % of Ni. 

[0025] Each of the bonding layers contains 60 Wt % of Au 
or less. 

[0026] An Ni-plated layer formed on each of the metallic 
terminals, having a thickness of 3 pm or less. The outer leads 
are joined to the Ni-plated layers through the bonding layers. 

[0027] According to the third aspect of the invention, there 
is provided a method of manufacturing ceramic heaters 
Which comprises the steps of: (a) preparing a ?rst green 
sheet; (b) preparing a second green sheet; (c) printing a ?rst 
surface of the second green sheet an array of heater-pat 
terned layers each consisting of a heater element and leads 
connected to the heater element; (d) printing a second 
surface of the second green sheet opposite the ?rst surface 
With an array of metallic terminals; (e) attaching the ?rst 
green sheet to the second green sheet so as to cover the ?rst 

surface of the second green sheet to form a laminate; baking the laminate to form a ceramic board; (g) joining 

outer leads to the metallic terminals through bonding layers, 
respectively; and (h) cutting the ceramic board into a plu 
rality of square rods constituting units of the ceramic heat 
ers. 

[0028] In the preferred mode of the invention, a step is 
further provided Which forms through holes in the ?rst green 
sheet for electrical connections of the leads of the heater 
patterned layers and the metallic terminals. 

[0029] A step is further provided Which forms grooves in 
a surface of the ceramic board betWeen adjacent tWo of the 
units of the ceramic heaters to be cut by the cutting step. 

[0030] According to the fourth aspect of the invention, 
there is provided a method of manufacturing ceramic heaters 
Which comprises the steps of: (a) preparing a ?rst green 
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sheet; (b) preparing second green sheets; (c) printing a ?rst 
surface of each of the second green sheets an array of 
heater-patterned layers each consisting of a heater element 
and leads connected to the heater element; (d) printing a 
second surface of each of the second green sheets opposite 
the ?rst surface With an array of metallic terminals; (e) 
interposing the ?rst green sheet betWeen the second green 
sheets so as to cover the ?rst surfaces of the second green 
sheets to form a laminate; baking the laminate to form a 
ceramic board; (g) joining outer leads to the metallic termi 
nals formed on at least one of the second green sheets 
through bonding layers, respectively; and (h) cutting the 
ceramic board into a plurality of square rods constituting 
units of the ceramic heaters. 

[0031] According to the ?fth aspect of the invention, there 
is provided a gas sensor Which comprises: (a) a gas sensing 
element having a gas-exposed portion, the gas sensing 
element having formed therein a chamber; (b) a ceramic 
heater disposed Within the chamber of the gas sensing 
element to heat the gas sensing element; (c) a ?rst cylindrical 
holder ?tted in the chamber of the gas sensing element, the 
?rst holder including a heater holding portion for holding the 
ceramic heater and a sensor contact in contact With an inner 

Wall of the gas sensing element, the sensor contact having a 
sensor signal output terminal; (d) a second cylindrical holder 
mounted on an outer Wall of the gas sensing element, having 
a sensor signal output terminal; and (e) a slit formed in the 
?rst holder to de?ne a C-shaped cross section, the slit being 
located 90°120° apart from the sensor signal output terminal 
of the ?rst cylindrical holder. The ceramic heater includes, 
(a) a ceramic square rod formed With a laminate of a heater 
substrate on Which a heater-patterned layer consisting of a 
heater element and leads connected to the heater element is 
formed and a covering substrate covering the heater-pat 
terned layer of the heater substrate, (b) metallic terminals 
connected electrically to the leads of the heater-patterned 
layer of the heater substrate, respectively, the metallic ter 
minals being mounted on surfaces of the ceramic square rod 
opposed to each other in a direction of lamination of the 
heater substrate and the covering substrate, respectively, and 
(c) at least one outer lead joined to one of the metallic 
terminals through a bonding layer. 

[0032] In the preferred mode of the invention, the sensor 
signal output terminal of the ?rst cylindrical holder is 
located 180° apart from the sensor signal output terminal of 
the second cylindrical holder. 

[0033] The slit is located 90° apart from the sensor signal 
output terminal of the ?rst cylindrical holder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The present invention Will be understood more 
fully from the detailed description given hereinbeloW and 
from the accompanying draWings of the preferred embodi 
ments of the invention, Which, hoWever, should not be taken 
to limit the invention to the speci?c embodiments but are for 
the purpose of explanation and understanding only. 

[0035] 
[0036] FIG. 1(a) is a perspective vieW Which shoWs a 
conventional ceramic heater; 

[0037] FIG. 1(b) is a cross sectional vieW taken along the 
line A-A in FIG. 1(a); 

In the draWings: 
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[0038] FIGS. 2(a), 2(b), and 2(c) are perspective vieWs 
Which show a sequence of manufacturing processes of a 
conventional ceramic heater; 

[0039] FIG. 3(a) is a perspective vieW Which shoWs a 
conventional ceramic heater made of a round bar; 

[0040] FIG. 3(b) is a cross sectional vieW taken along the 
line B-B in FIG. 3(a); 

[0041] FIG. 4 is a sectional vieW Which shoWs a Welded 
angle of an outer surface of an end of a bonding layer With 
a metallic terminal; 

[0042] FIG. 5(a) is a perspective vieW Which shoWs a 
ceramic heater according to the invention; 

[0043] FIG. 5(b) is a sectional vieW taken along the line 
C-C in FIG. 5(a); 

[0044] FIG. 6 is an exploded vieW Which shoWs the 
ceramic heater in FIG. 5(a); 

[0045] FIGS. 7(a), 7(b), and 7(c) are perspective vieWs 
Which shoW a sequence of manufacturing processes of a 
ceramic heater; 

[0046] FIGS. 8(a) and 8(b) shoW modi?cations of an outer 
lead connected to a ceramic heater; 

[0047] FIG. 9 is a graph Which shoWs the relation betWeen 
the hardness of solder and a component ratio of Au to Cu of 
the solder; 

[0048] FIG. 10 shoWs the second embodiment of the 
manufacturing processes of the ceramic heater 1. 

[0049] FIGS. 11(a) and 11(b) shoW manners to measure 
the surface roughness of a metallic terminal of the invention 
and a conventional metallic terminal; 

[0050] FIG. 12 is a vertical sectional vieW Which shoWs an 
oxygen sensor in Which the ceramic heater shoWn in FIGS. 

5(a) and 5(b) is built; 

[0051] FIG. 13(a) is a perspective vieW Which shoWs a 
minus holder for holding a gas sensing element; 

[0052] FIG. 13(b) is a perspective vieW Which shoWs a 
plus holder for holding a ceramic heater; 

[0053] 
[0054] FIGS. 14(b) and 14(c) are side vieWs of the plus 
holder in FIG. 14(a); 

[0055] FIGS. 15(a) and 15(b) are side vieWs of a plus 
holder in Which a ceramic heater is ?tted; 

[0056] FIG. 16 is a plan vieW Which shoWs a plus holder 
in Which a ceramic heater is ?tted; 

FIG. 14(a) is a plan vieW of a plus holder; 

[0057] FIG. 17 is a plan vieW Which shoWs a plus holder 
holding therein a ceramic holder ?tted in a gas sensing 
element and a minus holder; 

[0058] FIGS. 18(a) and 18(b) are plan vieWs Which a 
comparative example; and 

[0059] FIG. 19 is a sectional vieW Which shoWs a Welded 
angle of an outer surface of an end of a bonding layer With 
a metallic terminal. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0060] Referring noW to the draWings, Wherein like num 
bers refer to like parts in several vieWs, particularly to FIG. 
5(a) and 5(b), there is shoWn a ceramic heater 1 of an oxygen 
sensor according to the invention Which is employed in 
automotive air-fuel ratio control systems to measure an 
oxygen content in exhaust gasses of an internal combustion 
engine. Note that the present invention is not limited to an 
oxygen sensor and may alternatively be used With a variety 
of gas sensors such as HC, CO, and NOx sensors. 

[0061] The ceramic heater 1 includes a ceramic square rod 
10 Which is, as clearly shoWn in FIG. 6, made of a laminate 
of tWo heater substrates 11 and a covering substrate 12. Each 
of the heater substrate 11 has formed thereon a heater 
patterned layer 2 consisting of a heater element 21 and leads 
22 connected to the heater element 21. The covering sub 
strate 12 is interposed betWeen the heater substrates 11 to 
cover the heater-patterned layers 2. 

[0062] The ceramic heater 1 also includes a pair of metal 
lic terminals 3 Which are attached to upper and loWer 
surfaces 17 and 18, as vieWed in FIGS. 5(a) and 5(b), of the 
heater substrates 11 and Which are electrically connected to 
the leads 22. Outer leads 4 are Welded to the terminals 3 
through bonding layers 5, respectively. 

[0063] The covering substrate 12 and the heater substrates 
11, as clearly shoWn in FIGS. 5(b) and 6, have conductive 
material-coated through holes 71, 72, 73, and 74, respec 
tively, to establish electrical communication betWeen the 
heater-patterned layers 2 of the heater substrates 11 and the 
metallic terminals 3. 

[0064] The metallic terminals 3 are, as clearly shoWn in 
FIG. 5(b), disposed on ?at portions of the surfaces 17 and 
18 of the heater substrates 11 so that side ends 31 thereof 
may be located inside side edges 171 and 181 of the heater 
substrates 11, respectively. 

[0065] The bonding layers 5 are formed With solder made 
of, for example, Cu/Si, Cu/Au, or Cu/Ni material and, as can 
be seen in FIG. 5(b), formed on ?at surfaces of the terminals 
3 so that side edges 51 thereof may be located inside the side 
ends 31 of the terminals 3. 

[0066] The ceramic square rod 10 has, as shoWn in FIG. 
6, an overall length L of 54 mm, an overall Width W of 2.9 
mm, and a thickness T of 1.6 mm (see FIG. 5(a)). The length 
C of the heater element 21 of each of the heater-patterned 
layers 2 is 9 mm. The length D of each of the leads 22 is 42 
mm. 

[0067] The leads 22 formed on each of the heater sub 
strates 11 extend in parallel at an interval E2 of 0.228 mm 
aWay from each other. Each of the leads 22 is disposed at an 
interval E1 of 0.25 mm aWay from the side of the heater 
substrate 11 and at an interval E3 of 1 mm aWay from a rear 
end of the heater substrate 11. 

[0068] The through holes 71 to 74 are arrayed With a pitch 
P1 of 3.6 mm in a lengthWise direction of the heater 
substrate 11 and a pitch P2 of 1.4 mm in a WidthWise 
direction of the heater substrate 11 and have a diameter of 3 
mm. The metallic terminals 3 each have a length E1 of 5.5 
mm and a Width E2 of 2.3 mm. 
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[0069] A sequence of manufacturing processes of the 
ceramic heater 1 Will be discussed below With reference to 
FIGS. 7(a), 7(b), and 7(c). 

[0070] A powdered raW material containing about 92 Wt 
% of A1203 and a total of about 8 Wt % of SiO2, CaO, and 
MgO is ?rst prepared to make slurry. 

[0071] Next, a green sheet is formed With the slurry using 
the doctor blade and then punched by a punch press to form 
green sheets 101 measuring 120 mm><120 mm for making 
the heater substrates 11 and a green sheet 102 measuring 120 
mm><120 mm for making the covering substrate 12. The 
through holes 71 to 74 are formed in the green sheets 101 
and 102. 

[0072] The making of the green sheets 101 and 102 may 
alternatively be achieved With the extrusion molding. 

[0073] Aconductive paste Whose main constituent is metal 
such as W or M0 is prepared and coated on surfaces of the 
green sheets 101 to form heater-patterned layers 2, as shoWn 
in FIG. 7(a), and inner Walls of the through holes 71 to 74 
using printing techniques. The heater-patterned layers 
eXtend parallel to each other. 

[0074] On a surface of each of the green sheets 101 
opposite to the heater-patterned layers 2, a conductive paste 
is coated to form the metallic terminals 3 in line using 
printing techniques. The conductive paste is made of a main 
constituent of metal containing 70 Wt % or more of W and 
a remaining content of Mo, but may be identical With that 
used in forming the heater-patterned layers 2. 

[0075] The tWo green sheets 101 are arranged so that the 
heater-patterned layers 2 may face each other. Subsequently, 
the green sheet 102 is interposed betWeen the green sheets 
101 to form a three-layer laminate. The three-layer laminate 
is baked at 1400 to 1600° C. in a reducing atmosphere of N2 
and H2 gasses to make an intermediate. 

[0076] The outer leads 4 are, as shoWn in FIG. 7(b), 
soldered to the metallic terminals 3, respectively. The sol 
dering is achieved by placing solder and the outer leads 4 on 
the metallic terminals 3 and heating them at 1000 to 1200° 
C. to form the bonding layers 5. 

[0077] Each of the outer leads 4 may be made either of a 
round bar, as shoWn in FIG. 7(b), or of a square bar, as 
shoWn in FIGS. 8(b) and 8(b). 

[0078] The overall surface of each of the bonding layers 5 
is, as clearly shoWn in FIG. 5(b), covered With an Ni-plated 
layer 6. 

[0079] The intermediate is, as shoWn in FIG. 7(c), cut into 
several pieces, i.e., units of the ceramic heaters 1. 

[0080] Finally, an end of each of the ceramic heaters 1 
opposite to the outer leads 4 is rounded using a grinding 
machine. 

[0081] Note that after the three-layer laminate is braked, 
the intermediate is tested for heater performance. 

[0082] Each of the bonding layers 5 may contain 40 to 98 
Wt % of Cu and 2 to 20 Wt % of Ni. The metallic terminals 
3, as described above, contains W, thus resulting in 
improved Wettability betWeen the bonding layers 5 and the 
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metallic terminals 3, Which eliminates the need for the 
metallic terminals 3 to be plated With Ni in conventional 
manufacturing processes. 

[0083] When the content of Cu in the bonding layers 5 is 
small, less than 40 Wt % and When the leads 4 do not contain 
Ni, it Will cause no Ni to be diffused from the leads 4 to the 
bonding layers 5, so that the content of Ni in the bonding 
layers 5 Will be smaller than that When the content of Cu is 
more than 40 Wt %, Which results in loWered Wettability of 
the bonding layers 5 to the metallic terminals 3 and a 
decrease in strength of joints of the bonding layers 5 and the 
metallic terminals 3. 

[0084] When the content of Cu in the bonding layers 5 is 
greater than 98 Wt %, the content of Ni in the bonding layers 
5 Will be smaller than that in the metallic terminals 3, 
thereby causing the Wettability of the bonding layers 5 to the 
metallic terminals 3 to be loWered, Which results in a 
decrease in strength of the joints of the bonding layers 5 and 
the metallic terminals 3. 

[0085] When the content of Ni in the bonding layers 5 is 
less than 2 Wt %, it Will cause the Wettability of the bonding 
layers 5 to the metallic terminals 3 to be loWered, resulting 
in a decrease in strength of the joints of the bonding layers 
5 and the metallic terminals 3. Alternatively, When the 
content of Ni in the bonding layers 5 greater than 20 Wt %, 
it Will cause a W—Ni intermetallic compound to be pre 
cipitated during manufacture, resulting in a decrease in 
strength of joints of the bonding layers 5 and the metallic 
terminals 3. 

[0086] The metallic terminals 3 contain, as described 
above, 70 Wt % of W or more (including 100 Wt % of W) 
and thus have good conformability to a ceramic particularly 
containing alumina (i.e., the square rod 10 of the ceramic 
heater 1) and good heat resistance. When the content of W 
is less than 70 Wt %, it may result in decreases in strength 
of a joint of the metallic terminals 3 and the square rod 10 
and heat resistance. 

[0087] The bonding layers 5 may contain 60 Wt % of Au 
or less for avoiding precipitation of a W—Ni intermetallic 
compound to increase the strength to join the leads 4 to the 
metallic terminals 3. When the content of Au in the bonding 
layers 5 is more than 60 Wt % the content of Cu Will be 
decreased. Thus, When the leads 4 do not contain Ni, it Will 
cause no Ni to be diffused from the leads 4 to the bonding 
layers 5, so that the content of Ni in the bonding layers 5 Will 
be smaller than that When the content of Au is less than 60 
Wt %, Which results in loWered Wettability of the bonding 
layers 5 to the metallic terminals 3 and a decrease in strength 
of joints of the bonding layers 5 to the metallic terminals 3. 
Speci?cally, When the content of Au is, as shoWn in FIG. 9, 
60 to 90 Wt %, the hardness of the solder forming the 
bonding layers 5 becomes too high, thus resulting in a 
decrease in durability against cyclic changes in ambient 
temperature. When the content of Au is greater than 90 Wt 
%, the hardness of the solder is loWer, but manufacturing 
costs Will increase. 

[0088] A major surface of each of the metallic terminals 3 
to Which the leads 4 are to be joined through the bonding 
layer 5 may be plated With Ni. The thickness of the Ni-plated 
layer is 3 or less pm. The formation of the Ni-plated layer 
improves the Wettability of the bonding layer 5, thereby 
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decreasing the Welded angle Which the outer surface of each 
side end of the bonding layer 5 makes With the metallic 
terminal 3, resulting in a decrease in thermal stress contrib 
uting to cracks. When the thickness of the Ni-plated layer is 
more than 3 pm, a metallic alloy Will be produced betWeen 
the Ni-plated layer and the metallic terminal 3 Which 
decreases the strength to join the bonding layer 5 and the 
metallic terminal 3. 

[0089] The laminate produced in the process shoWn in 
FIG. 7(a) may consist only of the single green sheet 101 and 
the green sheet 102. In this case, the metallic terminals 3 are 
also formed on a surface of the green sheet 102 opposite to 
a surface covering the heater-patterned layers 2 of the green 
sheet 101. 

[0090] As can be seen from the above discussion, the 
metallic terminals 3 and the outer leads 4 are disposed on the 
surfaces 17 and 18 of the square rod 10 opposed in a 
direction of lamination of the substrates 11 and 12, thereby 
alloWing the joining process Wherein the outer leads 4 are 
joined to the metallic terminals 3, respectively, to be per 
formed before the intermediate is cut into units of the 
ceramic heaters 1 in the course of manufacture. This Will 
result in great rationaliZation of the manufacturing pro 
cesses. 

[0091] In addition, the performance test may be, as 
described above, performed before the intermediate is cut 
into unit of the ceramic heaters 1, thus resulting in rational 
iZation of procedure of the test. 

[0092] The metallic terminals 3 and the bonding layers 5 
are, as described above, arranged on the surfaces 17 and 18 
of the square rod 10 out of alignment of side ends With each 
other, thus avoiding concentration of stress on the side edges 
171, 181, 31, and 51, Which Will result in improved dura 
bility of the ceramic heater 1. 

[0093] One of the metallic terminals 3 of the ceramic 
heater 1 may be connected directly to a connector leading to, 
for example, a ground terminal Without use of the outer lead 
4. In this case, the single outer lead 4 may be joined to either 
of the metallic terminals 3. 

[0094] FIG. 10 shoWs the second embodiment of the 
manufacturing processes of the ceramic heater 1. 

[0095] Before the three-layer laminate of the green sheets 
101 and 102 is braked, cutting notches or grooves 7 are 
machined in upper and loWer surfaces of the three-layer 
laminate Which extend parallel betWeen adjacent tWo of the 
metallic terminals 3 for facilitating ease of cutting the 
three-layer laminate into units of the ceramic heaters 1 after 
being baked. 

[0096] The formation of the cutting grooves 7 is achieved 
by grooving the upper and loWer surfaces of the three-layer 
laminate to a depth less than half a thickness of the laminate 
using a cutting machine. 

[0097] Other manufacturing processes are identical With 
those of the ?rst embodiment, and explanation thereof in 
detail Will be omitted here. 

[0098] Ten samples of the ceramic heater 1 made in the 
manufacturing processes of the ?rst embodiment Were tested 
for the surface roughness of the metallic terminals 3 Which 
may be thought of as one of factors of improvement of 
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durability. The measurement of the surface roughness Was 
accomplished, as shoWn in FIG. 11(a), by scanning the 
surface of the metallic terminal 3 of each sample over 0.8 
mm in a direction, as indicated by S in FIG. 11(a). For 
comparison, the same tests Were performed, as shoWn in 
FIG. 11(b), for ten conventional ceramic heaters identical 
With the one shoWn in FIGS. 1(a) and 1(b). The results of the 
tests are shoWn in table 1 beloW. 

TABLE 1 

Sample No. Prior art (,um) Invention (pm) 

1 3.642 1.481 
2 3.932 1.098 
3 2.47 1.018 
4 3.782 0.978 
5 3.146 1.294 
6 2.858 1.893 
7 3.431 1.149 
8 3.278 1.19 
9 2.685 1.435 

10 2.891 1.215 
Average 3.212 1.275 

[0099] The table 1 shoWs that the surface roughness (R2) 
of the metallic terminals 3 of the ceramic heater 1 is greatly 
improved as compared With the conventional ceramic heat 
ers. The improvement of the surface roughness of the 
metallic terminals Will facilitate How of solder on the 
surfaces of the metallic terminals 3 When the outer leads 4 
are joined to the metallic terminals 3, thereby increasing an 
area of the bonding layers 5, Which results in improvement 
of initial strength to join the outer leads 4 to the metallic 
terminals 3 and a decrease in thermal stress acting on the 
joints produced by cyclic temperature changes, thus improv 
ing the durability of the ceramic heater 1. 

[0100] FIG. 12 shoWs an oxygen sensor 8 in Which the 
ceramic heater 1 is built. 

[0101] The oxygen sensor 8 is used in an automotive 
internal combustion engine control system and includes a 
gas sensing element 81 With a gas-exposed portion 811 
exposed to the gas to be measured. 

[0102] The gas sensing element 81 is of a cup-shape 
having formed therein an inner chamber 810. Within the 
inner chamber 180, the ceramic heater 1 is disposed for 
heating the gas sensing element 81. 

[0103] On outer and inner surfaces of the gas sensing 
element 81, minus and plus holders 86 and 87 are installed 
Which have sensor signal output terminals 869 and 879, 
respectively. The pulse holder 87 includes, as shoWn in 
FIGS. 13(b) and 14(a) to 14(c), a heater holding portion 871 
for holding the ceramic heater 1 and a sensor contact 873 for 
making contact With the inner surface of the gas sensing 
element 81. The sensor signal output terminal 879 extends 
from an end of the sensor contact 873. The heater holding 
portion 871 and the sensor contact 873 have formed therein 
slits 877 and 878 to de?ne C-shape in section so that they 
may be elastically deformable to have spring properties. The 
slits 877 and 878 extend in a lengthWise direction of the 
pulse holder 87 and are shifted approximately 90° aWay 
from each other. 

[0104] The heater holding portion 871 and the sensor 
contact 873 are joined through a frusto-conical connector 










