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MANUFACTURING APPARATUS POR MANUFACTURING ELECTRONIC 

MONOUTHIC CERAMIC COMPONENTS 

BACK.GROUND OP THB INVENTION 

1. Field of the Inwntion 

[0001] The presem invention relates to manufa~ apparatuses for ~facmring 

electrQnic monolithic ceramic components and, more particularly, to a manufacturing 

apparatus for manufacturing an electronic monolithic ceramic component haVing a Jamfoate 

that is formed by laminating a plurality of ceramic green sheets of a plurality of"types in a 

predetermined ~er. .. .... ~· ~ •. ·- •••• ~- •. ~t.. • 

2. Description of the Related Art 

[0002] Wlien_ electronic monolithic ceramic components such as a multilayer 

ceramic board, a monolithic ceramic capacitor, and a monolithic ceramic inductor are 

manufactured, a step of laminating a plurality of ceramic green. sheets of a plurality of types 

in a predetermined order is performed. 

(0003] The cerainic lreen ~ laminated in the above-mentioned lammation st.ep 

are supplied by a sheet supplier which typically sons, and stacks a plurality of sheets 
. . 

acc0rding to the type. 

[0004] For example, Japanese UnexaminM Patent Application Publication No. 9-

104016 discloses an apparatus which produces a laminate by supplyjng a plurality of 

ceramic green sheets of a desired type from a sheet supplier and by laminating the supplied 

ceramic green sheets according to a predetermined order. 
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[0005) The sheet supplier in the above-disclosed apparatus sons ceramic green 

sheets of a plurality of types according to the type and prepares the ceramic green sheets 

ready to be ~lied, and the pluralitY of ceramic green sheets is soned acconting lO the 

type while being arranged on a planar surface. 

P.05/53 

[0006) · For this reason, the utilization emciency of area in the sheet supplier is low, 

and the area needed to install a sheet supplier increases to meet the requirement for a 

diversity of ceramic green sheets to produce a desired electronic monolithic ceramic 

component. 

SUMMARY OF nm INVENTION 

[0007] The object of the present·invention· resolves. the above-mentioned problem, 

and it is an object of the present invention to provide a manufacturing apparatus for 

manufacturing an electronic monolithic ceramic component. 

[0008] The present invention is directed in one embodiment to a manufacturing 

appanms for manufacturing electronic monolithic ceramic components, including a sheet 

supplier for supplying a plurality of ceramic green sheets of a plurality of types in a 

predetermined order, and a laminator for laminating the Ceramic green sheets supplied by 

the sheet supplier, and an embodiment of the present invention has the following· feature to 

resolve the above-described problem. 

[98°'] The sheet supplier of the manufacturing apparatus includes a plurality of 

trays for sorting and holding the plurality of ceramic green sheets of the plurality of eypes 

according to the type, and a rack for setting the plurality of trays in a vertical direction in 

alignment. Each of the trays is drawable from the rack, and each of the trays holds ~ 

plurality of ceramic green sheets of the same type stacked o~ above another. 

-2-
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[0010] The manllfacturing apparatus further iD.chuies a tray dtawer device for 

drawing the plurality of trays according to a predetermined ol'del', and a conveyor device 

for pie.king up a single ceramic green sheet fr.om the drawn tray and then conveying the 

ceramic green sheet to the laminator. 

(0011] Preferably, the rack is raised and lowered in a ve~al direction, and the tray 

drawer device draws a tray which is positioiied at a predetermined height through the 

upwud and downward movement of the rack. 

(0012] Preferably, the conveyor device includes a chucking device .for chucking a 

mpmost ceramic green sheet of the stack of the ceramic green sheets in the tia:f for 

conveyance. 
'• .. - . .:. .. 

BRIBF DESCRIPTION OF nm DRAWINGS 

(0013) FIG. 1 is a plan view showing the layout of major work areas provided by a 

manufacturing apparatus 1 for manufacturing electronic monolithic ceramic components in 

accordance with one embodiment of the present invention; 

(0014] FIG. 2 is similar to PIG. 1, and is a plan view showq the general layout of 

the manufacturing apparatus 1; 

[0015] FIG. 3 is a front view generally showing the construction of the 

mam1facturing apparatus 1; 

(0016] PIG. 4 is a plan view showing a step for obtaining a ceramic green sheet 20 

supplied from the s.heet supplier 2 shown .in FIG. 1; 

[0017) FIG. S is a plan view showing a modification of the step for obtaining the 

ceramic green sheet 20; 
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(0018] FlG. 6 is a plan view showing via boles 25 and conducdve films 27 formed 

in the ce~c green sheet 20; 

[0019] FIG. 7 is a perspective view showing part of a rack 7 arranged in the sheet 

supplier 2 shown in PIG. l; 

{0020] 

FIG. 7; 

(0021) 

FIG. 8 is a perspective view of a single tray 8 set in the rack 7 shown in 

FIG. 9 is a side view showinJ the operation of a tray drawer device 13 

shown bl FIG. 2; 

[0022] FIG. 10 is a plali view exl>Iaining the construction of a corner cutter 3 shown 

in FIG. 1; 

[0023] FIG. 11 is a plB.Q. view showing the conier cutter 3 shown in FIG. 10; 

[0024) FIGS. 12A, 12B,, and· 12c are cross-sectional views showing the corner 

cu~ operation of the corner cutter S shown in FIG. 10 and FIG. 11; 

[0025] FIG. 13 shows the modification of rhe operation of a euttinS edge 36 shown 

in PIG. 12; 

[0026] 

[00271 

[0028) 

[0029] 

10; 

FIG. 14 is a plan view showing a laminatortable lO·shown in FIG. 2; 

FIG. lS is a front view showing the laminator table 10 shown in FIG. 14; 

FIG. 16 is a plan view showing a first modification of the taminator table 10; 

FIG. 17 is a plan view showing a second modification of the laminator table 

[0030) FIGS. 18A, 18B, and 18C ~ow an upper mold 46 arranged in a 

compression bonder device 11 shown in FIG. 2, wherein FIG. 18A is a top view of the 

upper mold 46, FIG. 188 is a front view of the upper mold 46· together with the Iaminaior 

table 10, and FIG. 18C is a bott0111 view of the upper mold 46; 
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[0031] FIGS. 19A-19B are a front view showing the operadon of the upper mold 46. 

shown in FIGS. 18A-18C; 

(00321 FIG. 20 is a front view showing a modification of a compression bonder 

device; 

[0033) FIG. 21 is a front view showmg the state in '.Vhich an ~r sheet 45 is 

peeled off a laminate 53; and 

[0034j FIG. 22 is a plan view showing a step of cutting the peripheral portion of the 

lamjnat.e 53. 

DESCRJPTION OF THE PREFERRED EMBODIMENTS 

(0035] PIG. 1 Js a.plan view showiilg the layout of major work areas provided by ~a. 7 ·- •••. : 

Jnanufacturing apparatus 1 for manufacturing electronic monolithic ceramic components in 

accordance with one embodiment of the present invention. 

(0036] The manufacturing apparatus 1 includes, as the work areas thereof, a sheet 

supplier 2, a corner cutter 3, a laminator 4, a compression bonder S, and a film discharger 

6, and the work ~ are arranged as shown in FIG. 1. Specific jobs carried out in the 

work: areas 2 through 6 wm be discussed later. 

[0037] FIG. 2 is similar to FIG. 1, and is a plan view showing the general layout of 

the manufaciuriDg apPal'ams 1. FIG. 3 is a front view generally showing the consttUCtion 

of the manufacturing apparatus 1. 

[0038} Referring to FIG. 1, the elements shown in FIG. 2 and FIG. 3 ~discussed, 

and the sheet supplier 2 is provided with a~ 7. In the rack 7, a plurali1y of trays 8 

holding ceramic green sheets to be.discussed later are a:tranged in two parallel columns. 

CCMml The corner cutter 3 includes a corner cutter table 9. 
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[0040] The laminator 4 mcludes a Jaminator table 10. 

[0041] The compression bonder S includes a compression bo~r device 11. 

(0042] The film discharger 6 includes a film discharge tray 12. 

[0043] A tray drawer deviee 13 is provided to work with the rack 7. 

(0044] To convey the ceramic green sheets, a fJtSt chucldng device 14 and a second 

chucking device 15 for chuclc:ing the ceramic green sheets through vacuum suction for 

conveyance are arranged. 

(0045] The laminator table 10 re_ciprocatingly moves between the position thereof 

shown in FIG. 2 and PIG. 3 and the position thereof at the mounting location of the 

coinpression bonder device 11~ and rails 16 a.re arranged to guide the movement of the 

·- -~ - -··taminator table 10. - ··· · - ·· · -· · 

[0046) The tray drawer devices 13 are used to draw the trays 8, and rails 17 and 18 

are arranged to guide such a drawing operation of the tray drawer device 13. The tray 

drawer device 13 arranged to work with the.ran 1~ is not shown in FIG. 2 and FIG. 3. 

(0047] The first chucking device 14 reciPr<>catingly· movei between the tray drawer 

deviee 13 and the comer cutter table 9, the second chucking device 15 reciprocatingly 

moves between the corner cotter table 9 and the laminator table 10, and a rail 19 is 

provided to guide the movcD1ents of these devices. 

(0048] FIG. 4 shows ceramic green sheets 20 to be held in the trays 8 set in the rack 

7 placed in the sheet supplier 2. 

[0049)- Refening to PIG. 4, a carrier film 21 as thick as 50 mm is prepared, and by 

applying_ a slurry of ceramic on the carrier film 21, the cerainic green sheet 20 is produced. 

To form the ceramic green sheet 20, a doctor blade method, a die coater method, a roll 

coater method, etc. may be used. 

This Sheet Has Been Replaced 
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[0050] The tbickness of the formed ceramic green sheet 20 falls within a range of 10 

mm to 300 mm, and a plurality of types of green sheets 20 having different thiclcnesses is 

prepared depending on the design of desired electronic monolithic ceramic components. 

[0051) The ceramic gree~ sheet 20 lined with the carrier film 2.1 is stored in a roll, 

although not shown. The ceramic green· sheet 20 is paid out from. the roll, and is cut along 

a· cut line 22 together with the carrier film 21 to a size of 150 mm by ISO mm, for example. 

(0052] The ceramic green sheet 20 thus cut to the predetermined dimensions as described 

above has a plurality of pin insertion holes 23 and a plurality of refe~ence holes 24~ which 

also penetrate the carrier film 21. The pin insertion holes 23 and the reference holes 24 are 

Ci)DCU1TentJ.y opened using a die or a laser. In this way, no positional deviation takes place. 

between the pin insertion holes 23 and the reference holes 24. 

[0053] 'Pie pin insertion holes 23, each having a diameter of 3 to S mm, are opened 

on the peripheral portion of the recta.ngnlarly cut ceramic green sheet 20, specifically, at 

each comer and in the edge portion near the four sides of the ceramic green sheet 20. In 

this embodiment, five pin insertion holes 23 are arranged along each side of the ceramic 

~ sheet 20 within an inward area of 3 to 7 mm from each side of the ceramic green 

sheet 20. 

(0054] The reference holes 24, each having a size of 1 mm, are opened with one at 

the center of each edge portion near each side of the rectangularly cut ceramic green sheet 

20. 

(0055] In the st.ep described with reference to FIG. 4, the pin insenion holes 23 and 

the reference holes 24 are opened after cutting the ceramic gteen sheet, but alternatively 1 as 

shown in FIG. S, the pin hlsertion holes 23 and the reference holes 24 may be opened in the 

ceramic green sheet 20 paid out from the roll and then the ceramic green sheet 20 may be · 

-7-
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cut to the predetermitled dimensiOns. As shown· in FIG. S, elements identical to those With 

reference to FIG. 4 are designated with the same reference numerals and the discussio~ 

thereof is not repeated. 

[OOS(ij FIG. 6 shows a ceramic green sheet 20 cut to the predetermined dimensions. 

The ceramic green sheet 20 is thcD subjected to several processes depending on the design 

of a desired electronic monolithic ceramic component. 

(005'7] Referring to FIG. 6, via holes 2S are opened aild then filled with an 

electrically conductive paste 26, and a conductive film 27 having a predetermined pattem is 

formed by printing an electrically conductive paste. The filling of the via holes 25 with the 

electricatly cOnductive paste and the formation of the conductive film. 27 may be perfonned 

at the· same·step ·or may be performed at different steps. ·-· , .. ,_."" .,., ··~ -.. ···.- · 

[0058] The electrically conductive paste 26 filling the via holes 25 and the. 

~y conductive paste for the conductive film 27 contain copJJer. nickel, and silver. 

or silver and palladium as an el~trically conductive material. 

(0059) A laser or a die is used to open the via holes 25. 

[OOQ)) To fill the via holes 2S with the electtically conductive paste 26, the 

electrically conductive paste 26 is preferably applied with the via holes 2' kept in a 

11e1ative pressure state, and the applicadon of the elecaically conductive paste 26 may be 

performed on the side of the carrier film 21 with a mask applied on the carrier film 21 or 

may be performed on the side of the ceramic green sheet 20 using screen printing 

technique. 

[0061) A CCD camera monitors tbe fonnation of tbe via holes 25, the filling of the 

via holes 25 with the electrically conductive paste 26, and ·the formation of the conductive 
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mm 27 by sensing the reference holes 24 and uiing th~ reference holes 24 as a position 

reference. 

P.12/5:3 

[0062] There are some ceiamic green sheets 20 having a conductive fllm o:Dly, aiid . . 

other ceramic green sheets 20 having via holes filled with no elecnically conductive paste. 

Some ceramic green sheets 20 have neith~ conductive fllm nor via holes. 

(0063] The ceramic green sheets 20 subjected to the above-descn"bed processes are 

sorted according to the type of process and the thickness thereof, and are placed into the 

respective trays 8 as shown in FIG. 7 and FIG. 8, and the-trays 8 are set in· vertical 

columns in the rack 7. As already discussed. a plurality of~ays 8 is vertically set in two 

columns in the rack 7 as best seen from FIG. 7. 

[0064) The rack7 is housed in a ~e-28~ and is vertically raised.and lowered 

using a lift mec.banism (not shown). With the rack 7 taised ·and lowered, a particular· tray 8 
. . 

is ·moved to a predeteimined level. Each of the trays 8 holds a plurality of ceramic green 

sheets 20 of the same type. By laminating ceramic green sheets held in a plurality of trays 

8 in a predetermined order, a laminate of a desired electronic monolithic ceramic 

COJDpOnent is produced. 

[00'5] Referring to FIG. 7, the utilization efficiency of area is increased by setting a 

plurality of trays 8 in the raclc 7, and without the need for increasing the area of the sheet 
. . 

supplier, the manufacturing apparatus handles a diversity ot ceramic green sheets 20 to 

produce a desired elecuomc monolithic ceramic com.po~. 
. . 

(006'] In the embodiment shown, the plurality of trays 8 is arranged in two columns 

in the raclc: 7, but the number of columns may be one or may be three in the rack 7. 

i~iiii1ITiUii · 
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.. 

[0067] To pick up a desiied ceramic green sheet 201 the tray drawer device 13 

draws a particular iray 8 hOkling a desired ceramic green shed 20 as shown in PIG. 7. 

FIG. 9 shows the tray drawer device 13 in detail. 

[00'8] Referring to FIG. 9, the rack 7 is raised or lowered as represented by an· 

P.131'53 

arrow 29 to a level as high as the tray drawer device 13. A chuck 32 travels along a rail 31 

lb.at extends in a direcdon represented by an mow 30, and at one end of the travel, the 

chuCk 32 is raised in a direction represented by an arrow 331 and pins provided. on the end 

of the chuck 32 are mated with the uay 8. In succession, 1he chuck 32 ttavels in an 

opposite direction along the rail 31, thereby drawing the tray 8. 

[00f9) In this state, the previously-mentioned first chucking device 14 vacuum.-

chucks the topmost ceramic green sheet 20 in the tray 8 to convey it to the comer cutter 
II,~···•.• ~-"' • . .- • 

table 9. 

(0070] A ceramic green sheet 20 ·immediately beneath the topmost ceramic green 
sheet 20 vacuum-chucked by the first chucking device 14 may electrostatically adhere to the 

topmost ceramic green sheet 20, and that" seeond ceramic sheet 20 may also be picked up 

together. To prevent this, the first chUcking device 14 has prere.tably the following 

construction. 

[0871] The chucking device 14 vacuum-chucks the ceramic green sheet 20 near 

opposed edges of the ceramic green sheet 20 and temporarily places the chucking points 

closer to each other at the moment of lifting the ceramic green sheet 20 to cause the ceramic 

green sheet 20 to sag. The sagging ceramic green sheet 20 forces the ceramic green s~ 

20 therebeneath to separate therefrom. 

[0072) Aft.er the first chucking device 14 piclcs up the ceramic green sheet 20, the 

chuck 32 travels along the rail 31 to put the tray 8 back to the rack 7. The fmt chucking 

-10-
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~vice 14 loWers the chUck 32 in the direction represented. by the arrow 33, disengages a 

lock pm 34 from a lacking state thereof, and moves along the rail 31 out ·of the rack 7 to be 

on standby. 

[0073) On standby, the first chucking device 14 is ready to start an operation to 

draw a next tray 8. and the time required to _pick up the ·ceramic green sheet 20 is .thus 

shortened. 

[0074] As described above, the tray 8 is put back into the rack 7 after the desired 

ceramic green sheet 20 is picked up, and no tray is placed below the conveyance path of the 

first chucking device 14, and this arrangement reduces the possibility that the ceramic green 

sheet 20 in the tray 8 is contaminated with dirt falling in the course of convey~ • 

...... , -- .· [0075] _In this embodiment, the ceramic green·sbeet 20 lined with the carrier film 21 

is handled with the carrier film 21 facing upward. Refetrlng to FIG. 7 m:l FIG. 8, each of 

the ceramic green sheets 20_ held in the tray 8 is thus covered with rhe carrier film 21. 

(007'1 When the ceramic green sheet 20 is piclced up, a processor unit (not shown) 

stores beforehand data concerning the types of; the lamination order of, and the rmmber of 

ceramic green sheets 20 required to produce a laminate of a desired electronic monolithic 

ceramic component, and the processor thereby causes the uay 8 holding a required ceramic 

green sheet 20 to be drawn, and the ~t chucking device 14 to pick up the ceramic green 

sheers 20 one by one. 

[0077] FIG. 10 and FIG. 11 show the corner cutter 3 of FIG. 1. FIG. 10 and FIG. 

11 also show the comer cutter table 9 of PIG. 2 and FIG. 3. 

[0078] . The comer cutter 3 cuts and removes the four corners of the ceramic green 

sh~ 20 IUied. with the carrier film 21. As a result, the canier film 21 only remains at the 

four corners. The four comeis of the canier film 21 enable the carrier film 21 only to be 

-11-
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gripped, and the curler film 21 is thus peeled off the ceramic green sheet 20 by picking the 

carrier ~ 21 only In ·a peel step to be di~ssed later. 

(_.,,] Pressure plates 3_5 are arranged above the corner cutter table 9 .. The 

pressure plates 35 are movable upward and downward. When moving downward, the 
pressure plates 35 press the ceramic green sheet 20 downward against the corner cutter 

table9. 

· [0080] The comer cutter table 9 on the four corners thereof are cUt away, forming 

bevels 9a, and a ~tting edge 36 is arranged to be aligned with the bevel 9a. The operation 

of the cuttiDg edge 36 is shown in FIGS. 12A, 128, Ind 12C. 

[8081] When the cutting edge 36 is raised, only the ceramic green sheet 20 at the 

four corJierS thereof are mfwith.the·cmiei film 21 remaining intact as shown in PIG. 12A. 

[0082]. Referring to FIG. 12B, the cutting edge 36 laterally slides in a direction 

represented by an arrow 37, thereby removing each comer 38 from the ceramic green sheet 

20. As a result, the cmier film 21 extends at the four comers thereof. 

[8083] Referring to FIG. 12C, ·the cutting edge 36 is placed back to the original 

position thereof. 

[0084] Referring to FIG. 13, the cutting edge 36 may be pivoted or swung about a 

predetermined pivotal point in a direction represented by an arrow 39. 

(0085) The corner cutter 3 checks to see if the cei'amic green sheet 20 mounted on 

the corner cutter table 9 needs laminating. For this reason, each ceramic green sheet 20 

bears a mark indicating the type thereof. For example, such a mark is shown in a bar code. 

The bar code is primed at the same time as the previously-mentioned conductive film 27. 

[ooNJ A bar code reader 40 is arranged below the corner cutter table 9 to read the 

bar code, and the corner cutter table 9 has a window 41 where the bar code comes to. 
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[0087] Instead of the bar code, or in cooperation with the bar cOde, a plurality of 

punched holes ~ in a code may be opened in the ceramic green sheet 20. The holes 

may be Opened together with ~ previOusly-mentioned via holes 2S when the via holes 25 

are opened. The punched holes may be monitored by a camera,· for example. 

[0088] In this embodiment, the thickness of the ceramic green sheet 20 placed on 

. the comer cutter table 9 is checked. As shown in FIG. 11, a contact type dial gauge 42 is 

arranged above the corner cutter table 9. The dial gauge 42 measures the thickness of the 

ceramic green sheet 20 on the comer cutter table 9 by touching a measuring probe 43 to the 

ceramic green sheet 20, or more exactly, to the carrier film 21 on the corner cutter table 9. 

(0089) The main purpose of lhe tbiclcness measurement Is to see if a plurality of 

cerlmic green sheets 20 happens to be piclced up by the fast chucking device 14 from the 

tray 8 and happens to be undesirably stacked on the corner cutter table 9. 

[0090] The thickness. measurement may be performed using a non-contact type 

measurement device such as a laser displacement deVice. 

(00J1] When the bar code or the punched holes on the ceramic green sheet 20 

inclicating the type thereof are inappropriate, or when the thickness of the ceramic green 

sheet 20 is inappropriate, the ceramic green sheet 20 is removed from the corner cutter 

table 9. 

[0092] The reading of the bar code or the punched holes and thickness measurement 

by the dial gauge 42 may be performed substantially in paraUel or sequentially one after the 

other. 

(0093] In this embodiment, the comers of the ceramic green sheet 20 are cut on the 

corner cutter table 9 slibsequent to the checking of the ceramic green sheet 20, but 

alternatively, the checking step for the ~ramie green sheet 20 may be perfonned in a place 
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· other than the coiner cutter 3, and thereafter only the cemnic green sheets 20 that have 

passed the check may be conveyed to the comer cutter 3. 

P.17.153 

[•41 The ceramic.green sheet 20 having undergone comer cutting on the comer 

cutter table 9 is transported on the lamina.tor table 10 by the second chucking deviee 15 as 

already discussed. 

{0095) The previo\isly-mentioned first chuckin• device 14 may be used to transport 

the cermiDc green sheet 20 from the comer cuuer table 9 to the JaminatOI table 10 with the 

second chucking device lS dispensed with .. 

[0096) FIG. 14 and FIG. 15 are.l'CSpectively a plan view and a front view of the 

lalr:dnator table 10. .. .... 

[0097] The hunini.tor table 10 has·bevels 10a with the four comers cut away. A 

plurality of guide pins 44 are arranged on the laminator table 10. The guide pins 44 are to 
. . 

be respectively inserted into the pin insertion holes 23 opened in the ceramic green sheet 

20, mt have the same layout as that of the pin insertion holes 23. 

[0098) The diameter of the guide pin 44 is substantially eqUal to the diameter of the 
. . 

pin insertion hole 23, and as already discussed, when the diameter of the pin insertion hole 

23 is 3 to S mm, the diameter of the guide pin is also 3 to S mm. If the guide pin 44 is 

substantially smaller ill diameter than the pin insertion hole 23~ the ·alignment accuracy of 

the ceramic green sheet 20 is degraded, and conversely. if the guide pin 44 is larger in 

diameter than the pm insertion hole 23, the guide pin 44 cannot be inserted into the pin 

insertion hole 23, and an insertion attempt of the guide pin 44 may damage the ceramic 

green sheet 20 in the vicinity of the pin insertion hole 23. 

[0099] Each of the guide pins 44 is preferably tapered toward the end thereof. 

This Sheet Has Been Replaced 
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(00100) Since the guide pins 44 are supported in s\ich a manner as to move upward 

and doWnward relative tO the laminator table 10. the guide pins 44 take the projected srat.e 

thereof as shown in FIG. 15 and the unshown retracted state thereof. · 

[00101] When a plurality of cewniC green sheets 20 is laminated on the laminator 

table 10, an.under sheet 45 not shown in FIG. 4 and FIG. 5 is preferably manged on and 

in contact with the laminator table 10. The under sheet 45 is ·mown in FIG. 19A-19B, 

PIG. 21 aJJd other figures. The under sheet 45 is ~bricated of a plastic sheet having a 

surface roughness, fo~ example. 

(00102] The laminator table 10 preferably has a means for fixing the under sheet 45 

thereon. The under sheet 45 is fixed OD the laminator -table 10 using an adhesive means, 

vacuum~l\8, .. o~~-~al~. 

(00103] When the under sheet 45 is fixed on the Jaminatar table 10 through vacuum 

chucking, a plurility of ~uction holes is opened in the laminator table 10, and the under 

sheet 45 is vacmun-chuclced o~ the laminator table 10. The cross-sectional ~hape of the 

suction hole may ~e discretionary, and has preferably a diameter within.a range from 0.4 to 

1.0 mm. If the diameter is smaller than 0.4 mm, a machining process for drilling the 

sucdon hole becomes diff"ICUlt, and resulting chucking power is not sufficient, and if the 

diameter is larger than 1.00 mm, the suction bole print remains· OD the ceramic green sheet 

20, making the ceramic green sheet 20 aesthetically unacceptable or damaging the ceramic 

green sheet 20 in extreme cases. 

(00104] The layout of the guide pins 44 in the laminator· table 10 is determined to be 

in alignment with the layout of the pin insertion holes 23 in the ceramic green sheet 20, and 

when the layout of the pin insertion J:loles 23 is modified as shown in FIG. 16 or· FIG. 17. 

the guide pins 44 are arranged accordingly in the J.aminator table 10. 

-JS-
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[00105] Referring to FIG. 16, the guide pins 44 are arranged with one at each of the 

four comers and with one at the center of the edge portion of each side, and as a result, 

three. guide pins 44 are manged at each side of the laminator table 10. 
. . 

[00106) Referring to FIG. 17, the guide pins 44 are a~anged with one at each of the . 

four corners and With two offset to the center of the edge portion of each side, and as a 

reSDlt, four guide pins 44 are arranged. 

[00107] The guide pins 44 are manged in •uch a manner as to prevent the ceramic 

green sheet 20 from being defonned in a compression bonding step to be discussed later. 

(00108] . As already discussed, the ceramic green sheet 20 that has undergone the 

comer cutting step in the corner cutter 3 is then conveyed to the lamiDalor 4 by the second 

chucking device 15, and is then Jaminafed on the under sheet 4S· on the laminator table IO.­

Each time the laminator 4 completes lamination, the Jaminaror table 10 is moved along the 

rails 16 to a position below the compression bonder device 11 of the compression bonder s. 
. [00109] Referring to FIGS. 18A-18C, there is shown an upper mold 46 provided in 

tile compression bonder device 11 of the c0mpression. bonder s. FIG. 18A is a top view of 

the upper mold 46, and FIG. 18B is a front view of the upper mold 46 together with the 

laminat.or table 10, and FIG. 18C is a bottom view of the upper mold 46. 

(00110) The upper mold 46 is generally driven in a vertical direction. A portion of 

the upjJer mold 46 constitutes a movable section 47, which is laterally movable to be 

separated from the rest of the upper mold 46. 

[00111] Provided on the underside of the upper mold 46 is a compression bonding 

member 48 having a compression bonding surface. Referring to FIG. 18C, the 

compression bonding member 48, with a planar shape substantially identical to that of the 

laminator table 10, has bevels 48a with the four corners thereof cut away. The 
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compression bonding member 48 bas oil the compression bonding surfaCe thereof relief 

holes 49 thlt receive the guide pins 44 projecting from the Jw;nator table 10. 

P.20/53 

100112] Provided on the underside of the upper mold 46 are gripping mechanisms SO 

and Sl facing the respective bevels 48a of the four corner of the eompression bonding 

member 48. The gripping mechanisms SI out of the gripping mechanisms 50 and 51 are 

arranged on the movable section 47. 

[00113] The gripping mec~sms SO ~ S 1 are substantially identical to each other 

in structUre, and respectively include chucks 52 for gripping the corners of the carrier· film 

21, and the chuck. 52 is opcnable and closable tO release or to grip the cattier film 21, and 

is movable in diagonal lines to approach and go away from the compression bonding 
member48. ······'·· -· · ··-- · '· · 

[00114] PIGS. 19A-19E show the operation of the upper mold 46 of the compression 

bonder device 11. 

[0011S] · PIG. 19A shows the Jaminator table ~O in its position shifted below the upper 

mold 46. The ceramic green sheet 20 having predetennined dimensions and lined with the 

carrier film 21 is placed on the und_er sheet 45 on the laminator table 10. The ceramic 

green sheet 20 and the carrier film 21 are aligned with the )aminator table 10 with the guide 

pins 44 received by the pin insertion holes 23. The ceramic green sheet 20 has no corners 

because it has undergone the comer cutting step in the comer cutter J. 

[00116] Referring to PIG. 19B, the upper mold 46 is lowered, and the comi)ression 

bonding member 48 presses die ceramic green sheet 20. The chUclcs 52 of die respective 

gripping mechanisms so and 51 move in such a marmer to receive the comers of the carrier 

film 21 and then close ~v~s to grip the corner! of the carrier film 21. 

-17-
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[00117) Rderring to FIG. 19C, the upper mold 46 is raised. Since the cbllcks 52 of 

the respective gripping mecbamsms SO and 51 grip the corners of the Carrier film 21, the 

carrier film 21 is peeled off the ceramic green sheet 20 as the upper mold 46 is raised. 

[00118) Referring to FIG. 19D, the chucks 52 of the gripping mechanisms SO are 

opened to release the carrier film 21. On the other bands, tbe chucks 52 of the gripping 

mechanisms 51 continuously grip the carrier film 21. 

[00119) Referring to FIG. 19:6, the movable section 47 laterally moves with the 

chucks S2 of the gripping mechanisms Sl continuously gripping the carrier film 21. At the · 

end .of the travel, the curler film 21 Is positioned ~ the film discharge tray 12 arranged 

in the film discharger 6 shown in FIG. 1 tbrOugh FIG. 3. At the end of the travel, die 

chucks 52 of the gripping mechanisms 51 are then opened, releasing the carrier rJ.hn 21 intO 

the film discharge tray 12. 

[00120] The Iaminator table 10 is then moved back to the laminator 4 as shown in 

FIG. 1 to be on ..standby for laminating a next ceramic gteen sheet 20 . 

. [00121] The process from the picking of the ceramic green sheei 20 from the tray 8 

to the coq>reSsion bonding of the ceramic green sheet 20 to the peeling of the carrier fJJm. 

21 as discussed above is repeated until a desired electronic monolidlic ceramic component 

is produced. 

[OOW] In the above-described c0mpression bonding step, Ebe ceramic green sheet 20 

is JRferably heated to a temperature within a rimge trOm 40 to 100°c. 

(00123] Further, in the compression bonding step, the ceramic green sheet 20 is p~t 

under a pressure within a range from 200 to 3SO Kg/err/. In this case, conditions applied 

on the ceramic green sheet 20, such as compression time and pressure, may be modified 

depending on the types and quantities of a ceramic material and a binder conrained in the 

-18-
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ceramic ·~n· sheet 20, ~ peel propertY of the carrier film 21, the area of the cond~dve 
film 27 formed On the ceramic lreen sheet 20, and the. lamination order of a current 

cermillc green sheet 20 among all layers. 

(00124) FIG. 20 shows a modificati0n of tbe compression bonder device. As shown 

in FIG. 20, elements identical to those described with reference to FIGS. 18A-18C and 

FIGS. 19A-19B are desipted with the same reference numerals, and the discussion 

thereof is not repeated. 

[00125) The compression bonder device 1 la shown in FIG. 20 has a topside down 

version of the compression bonder device 11. Specifically, the upper mold 46 holds the 

faminator table 10, and arranged below the laminator table 10 are the compression bonding 

member 48 and the gripping mechanisms-so and s l. 
[00126] As discussed. above, when lamination of the ceramic green·sheet 20 required 

to produce a lammate is completed, the laminate 53 (see PIG. 21 or FIG. 22) is taken out 

together with the under sheet 45. When the laminate 53 is picked up, the guide pins 44 

arranged on the laminator table 10 are lo~red f~r retraction. This is intended to prevent 

the guide pins 44 from erratically interfering with the laminate 53 when the laminate 53 is 

discharged. 

(00127] The discharged laminate 53 with the under sheet 45 attached thereto is 

cooled to room temperature, and then the under sheet 4S is peeled off as shown. in PIG. 21. 

In this way, the laminate 53 is protected from unwanted. stretch or deformation. 

[00128] Referring to FIG. 22, the laminate 53 is diced along cut lines 54 to remove 

areas including the pin insertion holes 23 and the reference holes 24 therewithin. In a press 

step to be performed later, UUs dicing step prevents the laminate 53 from being stretched or 

deformed by the presence of the pin insertion holes 23 and the reference holes 24. 

-19-

1~iii1iiUf 



JUN-12-2001 11:19 BURNS DOANE P.231'53 

[00129) The Jaminate 53 is then plaCed on a press die assembly composed of an upper 

i>unch ~ a lower notched die, although not shown, and then a press step using a rigid­

body preas is performed on the taminat.e S3,. thereby pressing the laminate 53 in the - .. 

direction of lamination. 

[00130] By inc~asing the pressure applied in the compression bonding step, the press 

step may be skipped. 

[00131] The. laminate 53 is diced by a dicing saw or a cuning edge to obtain a 

laminate chip for individual electronic monolithic ceramic components. 

[00132] The laminate chip is then sintered. External surfaces, for example, end faces 
. . 

of the sintered laminate chip are coated with an electrically conductive paste including an 

electricallyconduetive component s\Jch as copper, silver, nickel, or the,-like,--and .. is-then 
. . 

dried, and baked to form ext:Cmal electrodes. the external electrodes are then plated with 

nickel and/or tin, as necessary. 
' 

[00133] To fonn the externa~ electrode, an electrically conductive paste may be 

applied on the laminate chip prior to sintering. and baking for forming external electrodes 

may be performed concurrently with the sintering of the laminate chip. In this case, the 

electrically conductive paste for forming the external electrodes is preferably fabricated of 
an electrically conductive pas~ containing substantially the same component as that for the 

electrically conductive paste 26 filling the previously-referenced. via holes 25 and the 

elec1lically conductive paste forming the conductive film 27. 

[OOU4] In this way, a desired electrical monolithic ceramic component is 

manufactured. 

[00135] As descn'bed above, to manufacture electronic monolithic ceramic 

Components, a sheet supplier for supplying a plurality of ceramic green sheets of a plurality 

1i1iiiir 
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of typeS in a predetermined order to a laminator for laminating the ceramic green sbccts 

includes a plurillty of trays for sorting and holding the plurality of ceramic green sheets of 

the pluralkY of types. according .to the type, and a raclc for setting the plurality of trays in a 

vertical direction in alignment, and for this reason, the utilization efficiency of area in the 

sheet supplier is high, ·and the manufacturing apparatus handles a diversity of ceramic green 

sheets to produce a desired electronic monolithic ceramic component. 

[00136} Jn accordance with this invention, each of the trays can be drawn from the 

raclc, and the manufacturing appararus further includes the tray drawer device for drawing 

tbe plurality of trays according to a predetermined order, and a conveyor device for picking 

up a single Ceramic green sheet from the drawn tray and then conveying the ceramic green 

sheet to the laminator, and thus after a desited'ceramic green sheet is-picked up, the tray is 

placed in the rack. Since the tray is placed in the rack during The conveyance of the 

ceramic green sheet by the conveyor device. there is a low possibility that the ceramic 

green sheet in the ttay is contaminated with dirt failing in the course of conveyance. 

(00137] In accordance with the present invention, the rack is raised and lowered in a 

· vertical. direction, and the tray ~wer device draws a tray which is positioned at a 

predetermined height through the upward and downward movement of the rack, and the 

tray drawer device is tbus operated at the predetermined height, and. componems associat.ed •the tray drawer device are of a simple construction. 

[00138] In accordance ~ith the present invention. the conveyor device includes a 

chucking device for chucking a topmost ceramic green sheet of the stack in the tray for 

conveyance, and a single ceramic green sheet is easily ~icked up from among a plurality of 

ceramic green sheet.s in each tray. 
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WHAT IS CLAIMED IS: 

1. A manufacturlDg apparatus for manufacturing electronic monolithic ceramic 

cOm.ponents, the inanuf'aeturing apparatus comprising: 

a sheet supplier for supplying a plurality of types of ceramic green sheets in a 

predetermined order' the sheet supplier including a ·plurality of trays, each tray being 
. . 

adapted to sort and hold at least one ceramic green sheet, the plurality of cerminc green 

P.25/53 

sheeis being sorted and held in the plurality of trays aceording to ~e, a rack for vertically 

aligning the plurality of trays, and a. tray drawer device for drawing trays from the rack 

according to a predetermined order; 

a laminator--for"iaminating the plurality of ceramic green sheets supplied by-the,·sheet- .. _ · ··· · 

supplier; and 

a conveyor device for picking up a single ceramic green sheet from a drawn ttay and 

conveying the single ceramic green sheet to the ·laminator. 

2. A manufacturing apparafus for manufacturing electronic monolithic ceramic 

components according to claim 1, wherein the sheet supplier includes a drive for driving 

the nck to be raised and lowered in a vertical direction, and wherein the tray drawer device 

is arranged to draw a uay from the rack when, as the result of the rack being at least one of 

raised and lowered by lhe drive, the tray is positioned at a predetermined height. 

3. A manufacturing apparatus for manufacturing electronic monolithic ceramic 

components accordlllg to claim 1, wherein at least some ceramic green sheets of the same 
type are stacked one above another in a single tray to form a staclc of ceramic green sheets, 
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and tilt conveyor clevic8 comprises a chucking device for chucking a topmost ceramic green 

sheet of the stack of the ~ green sheets in the tray for conveyance. 

4. A nlanufacturiDg apparatus for manufacturiiig eJ.ectfonic monolitmc ·cemmc 

compoDelltS according to claim 2, wherein at least some ceramic green sheets· of the same 

type are staCbd one above another hi a single uay to form a srack of ceramic green sheers, 

and rhe conveyor device comprises a chucking device for chucking a t0pmost ceramic green 

sheet of the staclt of the ceramic green sheeis in the tray for conveylDce. 

-23-

---------........ -·· .. ·--··· ... _,.. .. --., .. . ....... -----------


