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METHOD AND APPARATUS FOR NDUNTING‘ELECTRCNIC

DESCRF PTLON
COMPONENT. TECHNI CAL FI ELD . The présent fasehtFHn
relates to a nethod and an 5 apparatus for nounting el ectronic

' BACKGROUND ART _ I n these days,

conponents on boards.
shortening of a tine for nounting

increasingly required to inprove
Her ei nbel ow, an exanple of a conventijonal - el ectroni c conponent

nmounting apparatus will be described 1 “With reference to the
drawings.  Fig. 12 schematifCalT¥Erl ACED I‘;Hg&flsr aregd ne whol e
constitution of &Sc@6veasi onal
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NEW BACK-END CAPACITOR

el ectronic conmponents is
productivity. 10

WITH HIGH UNIT CAPACITANCE
BACKGROUND OF ‘THE INVENTION

FIELD OF THE INVENTION

This invention deals with the formation of a
Capacitor having a high unit capacitance for analog
Circuits. Bond pads are formed at ﬁhe same time the bottonm
Capacitor plate is formed using a conducting ﬁaterial thch :

Will aveid bond pad peeling during subsequent processiné.

;- DESCRIPTION OF THE RELATED ART .

Anderson et gl., U.s. P.at. No. 4,495,2#2 shows the
use of polysilicon under the bond Pad to eliminate bond pad |
Peeling during subsequent Processing. In the invention of
this Patent application, however, a bottom capacitor plate
is formed at the same time the bond pads are formed. This

iﬂtegrated process step provides a bond Pad which will
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nountisng, " appar at us. In Fig. 12, 30 is an electronic 15 conponent
feed section for supplying an electronic conponent 31, and 32
is a board.. 35 is a head section having two, i.e., a first and a
second suction nozzles 12, . 13 and a recognition canera 15, 33 is an
X-axis table nmovi ng the head section 35 in an X-axis direction, and
34 20 is a Y-axis table noving the head section 35 in a Y-axis
direction orthogonal to the X-axis directiomn which is a di rection of
t he nove of the head section 35 by the X-axis tabl e 33. The head
section 35 is positioned at an optional

-2- position by - the X-axis and Y-axis tables 33, 34. 101 is a
main controller for the nounting apparatus and 104 is an operation
panel of th&Sappabadus. _ In the conventional nounting
apparatus of this 5 type, the electronic conponent 31 in the

conponent feed, .
eliminate bond pad peeling during subsequent process steps

and a capacitor with high unit capacitance for use in analog
circuits. The top capacitor plate is formed at the same

time the top electrode pattern is formed.
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section 30 is nounted to the board 32 by the head section 35in a

S|néle nmbunting procedure. That is, sucking of one ' conponent and
nount i ng of one conponent are alternately carried out repeatedly.
10 The nounting procedure at the head section 35 is

di agrammatically represented in Figs. 3A-3J. Fig. 5is a timng
chart of the procedure. A part shown by.,inclined lines in the
timng chart fromthe "novenent of the héad secti-on" to the
"corrective rotation of the second nozzle" 15 excl udi ng the
"recognitiong, spégC&gg represents where the head section 35 is being
driven, and % t hori zont al lines is where the head section 35
S stopped dr|V|ng In ‘the recognition process, upper straight
parts are where the re o) e cuted, |ower straight
parts are 20 where the é@gﬁﬁé¥ aﬁpéggoégggﬁTﬁéﬁ stopped and fine
sawt oot hed parts are where the recognition process is kept st andby
by a tinmer. After receiving a nmovement conpletion signal of a slide

unit 14, a mrror in t ' bith4ths metal pl¥tBsabedoR8NREENENANHO
t he anenent of the sl?ggéh%gﬁr%Z?i 25 #ﬁearegognltlon grocess S %ot :

started untibnkhgoYyREPiLOA plate integrated into an integrated circuit
element are often .used in analog circuit applications
because of their high degree of linearity. It is difficult
to obtain a sufficiently large capacitance per unit area in

these capacitors to enable them to be used without stacking.

Input/output connections for #n integfated circuit
elements often use a bond pad formed on a layer of
dielectric méterial such as silicon dioxide or
borophosphosilipate glass. Spécial care must be taken to
prevent peeIing'of the bond pad from the dielectric

material.

It is an objective of this invention to provide a
method of forming a capacitor with high capacitance'per unit
area and simultaneously forming a bond pad interface which

- will prevent bond pad peeling.

It is a further objective of this invention to
Provide a capacitor with a high capacitance per unit area

for use in analog circuits and a bond pad. interface which

will prevent bond pad peeling.
' ' his Sheet Has Been Replaced

BT




-3- . of the mrror is stopped, and the above standby tine is
secured - for the mrror to stop vibrating. Referring to Fi gs.
3A-3J, 12 is the first nozzle in the head section 35 and, 13 is the
second nozzle also set in the head section 5 35 together with the first
nozzle 12. 14 is the slide unit . having a plurality of reflecting
mrrors and set in the head secjion 35, and the slide unit 14
transmts a |ight i mage of the electronic conponent 31 sucked by the
first or second nozzle 12, 13 to the recognition canmera 15 of the
10 head section 31 via the reflecting mrrors thereof. 1In the ,
head sectig@g-8§~gkye slide unit 14 noves in a horizontal direction
between the first and second nozzles 12 and 13 to "the recognition
- canmera 15. The Ilight imge of the el ectroni ¢ conponent sucked
by the first nozzle #Reks o&§ect1ﬁéananetaeHLEUedhbyraeagslbfoa battom 15
via the slide unit ) 14 at the side of the first nozzie 12. On the
ot her handplate caphBgtbigtehthgandf at bondl padr Swenchodpsmed: igueked by
t he

layer of interlevel dielectric. The lnterlevel dielectric

is formed over a semiconductor substrate having devices
formed therein. The bottom plate capacitor trench and the
bond pad trench are filled with a conductor material such as
doped polysxlxcon thereby forming a bottom capacztor plate
and a bond pad. A capacitor dielectric is formed over the
bottom capacitor plate and a metal top capacitor'plate is
formed over the capacitor dielectric. The polysilicon
interface between the bond pad and the interlevel dielectric
prevents bond pad peeling and the capacitor structure
provides good capacitor linearity and a capacitance per unit

area in excess of 0.5 femtofarads per square nanometer.
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second nozzle 13 is transmtted to the recognition canera ' ,15 via the

'slide unit 14 at the side of the second nozzle 20 13.

In the first place, the head section 35 is noved t hrough t he
novenent of the X-axis and Y-axis tables 33, 34 ~.to.a suction
position 19 of the feed section 30 by the first nozzle 12 (Fig.
3A). Wen the head section 35 is 25 _ ganpletely noved to the suction
position 19 of the feed -4-
section 30, %h fiirst nozzle 12 descends, thereby sucking an
electronic € ﬁgéﬁ@ﬁ 17 | ocated at the suction position 19 (Fig.
3B). At this tine, the second nozzle. 13 is at a rai sed position and
the slide unit 14 is set at t he side second nozzle 13, so

~that the first nozzleBRLEF QFSCRIPTIQNIQﬁwﬁﬂ?opﬂﬁvé @8 and down.

After the sucking of the

Fig. 1 shows a cross section view of a
semiconductor substrate with the capacitor structure, bond
pads, bond pad contacts, device contacts, and top metal

 pattern formed taken along line 1-1/ of Fig. 6.

" Fig. 2 shows -a cross section view of the
semiconductor substrate with devices formed therein and
interlevel dielectric formed thereon taken along'line 1-1’

of Fig. 6.

Fig. 3 shows a cross section view.of the
semiconductor substrate with the bottom capacitor trench and
bond pad trenches formed in the interlevel dielectric and
filled with conductor material taken along line 1-1’ of

Fig. s.

Fig. 4 shows a cross section view of the
semiconductor substrate with the capacitor dielectric formed
over the bottom capacitor plate, the bond pad, and the

interlevel dielectric taken albng line 1-1’ of Fig. 6.
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el ectronirc conponent 17 by the first nozzle 12 is conpl et ed,
the first nozzle 12 noves upward and the head section 35 starts to
nove to a nmounting position 20 of the 10 board 32 for an el ectronic
conmponent 16 whi ch has been sucked by the second nozzle 13 in a
previ ous sucki ng operation (Fig. 3C). During the tine when the head
section 35 is noved to the suctign_position 19, the el ectronic
conponent 17 is sucked by the first nozzZle 12 and the head 15 section
35 is nnvqgslgslggsnnunting position 20, a sucked posture of the

el ectroni ¢ conponent 16 by the second nozzle 13 i's recogni zed by the
recognition canera 15 via the slide unit 14, and the posture of the
el ectronic conponentpgé_tg Shows atéfo§§a§eé€gég°0i§§ %f Eﬁérepted. As is
wel I known, this 20 correctron 1s executed by m nutely noving the
Second_n0Z§éﬁ&conduct°§35%85@Pa98thfﬂﬁ'tﬁgsbig§8it8rterfééfkica?gFX'ﬁx'5
directions, or rotating the second nozzle 13 about I1ts CERteroaxis.
Wien t he fovedr ez gﬁp& el he i unit 14
noves towards the fifg%%%ggﬁﬁicggpf |g.€é?5ﬂhe %ﬁﬂ? p?%bnaégn% @tion of the

noverment dintéwleveledieiéctidic, the bond pad contact holes, the

bottom capacitor contact hole, and the device contact holes

taken along line 1-1’ of Fig. 6.

Fig. 6 shows a top view of the capacitor structure

showing device contacts and bond pad contacts.

heet Has Been Replaced
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-5-. « to the first nozzle 12 and of the head section 35 to the
nmounting position 20 of the board 32 for -the electronic conponent 16
sucked by the second nozzle 13, the second nozzl e 13 noves down to
nmount the sucking electronic 5 conmponent 16 to the nounting position 20
on the board 32 (Fig. 3E). When t he second nozzle

13 conpl etes the nounting of tbeyel ectronic conponemhis $heet Blas Baen Replaced
board 32, the second nozzl e 13 noves upward and the h

starts to 10 nove to a suction position 21 over the feed

a next electronic conmponent 18 by the second nozzle 13

When t he head %lon 35 reaches the suction position 21 for the

el ectronic coﬁ% FeTi431s by the second nozzl e 13, the second nozzle
13 noves down to suck the 15 el ectroni c conponent 18 at the suction
position 21  (Fig. pEscRPbrION A8 O paereRREBIERBEBIRENTS conpl etel y
sucks the el ect ronic conponent t he. second nozzle 13 noves up and

t he head section 35 starts to nove to a npuntlng position
| Refer now to Figs. 1-6 there.is shown an

embodiment of a method of forming the capacitor and bond pad
structure of this inventioh. Fig. 2 shows a semiconductor
substrate 10 with 'a field effect transistor formed therein.
The field effect transistor comprises source/drain regions
13 and 14, a gate dielectric layer 12, a gate electrode 15,
and field oxide isolation regions 1l. &an ihter%evel
dielectric layer 26 is formed over the silicon substrate.
The interlevel dielectric is a material such as
borophosphosilicate glass or boron ddped tetraethyl

orthosilicate material.

As shown in Fig. 3 trenches are then formed in the
interlevel dielectric for the bottom capacitor plate, the
bottomfcapacitor contact, and the bond pads. Fig. 3 shows
only one of the bond pads. The mask used for this step is
the only additional mask requi:ed over the masks required to
form the integrated circgit element without the capacitor.
These trenches are then filled with a first conductor
material to form the bottom capacitor plate 20, the bottom
capacitor contact 35, and the bond pad=23._ As shown in.-
Fig. 3, the capaciter contact 35 is electrically connected
to the bottom capacitor plate 23. The first conductor

material is preferably a material such as doped polysilicon



22 of 'the board 32 for the el ectronic conponent 17 sucked 20 by the
first nozzle 12 (Fig. 3H. During this time while the head section

35 noves to the suction position 21, the - second nozzle 13 sucks the
head section 35 noves to the

el ectronic conponent 18 and the
nounting position 22, a posture of the electronic compenent-17 =~
sucked by the first 25 nozzle 12 |s recognlzed by the reﬁﬂ%&1t|on
posture of the el ectronic conponent 17 to the head section m&ﬂm
corrected by mnutely noving the first nozzle 12 to - an
position in the X- and Y-axes directions or rotating the first
nozzl e 12 abods-vssoggntral axis, as is 5 known well. Wen the second
nozzl e 13 conpl etely noves up, the slide unit 14 noves towards the
second nozzle 13 (Fig. 3l). Wien the slide unit 14 cones to the side
of the ssetbatl doged epdl¥ysindcbheiseformat tirnehd5 heAaPHEY CAYedUES

the bottom capacitor plate is formed. Polysilicon at the

interface between the bohd pad and the interlevel dielectric .

is effective in preventing bond pad peeling during

sSubsequent processing. This is achieved without the need of

extra process steps. A metal such as tungsten can also be

used for the first conductor material.

Next, as shown in Fig. 4, a layer of cadpacitor

dielectric 22 is formed over the interlevel dielectric 26,
the bottom capacitor plate 20, and the bond pads 23. . The
Ccapacitor dielectric is a material such as ONO, oxide
nitride oxide layered structure or sandwich structure,'or'
TEQS, tetraephyl orthosilicate, with a thickness of between
abcut 300 and 700 Angstroms. This capacitor dielectric

~ thickness provides a capacitance per unit area in excess of

0.5 femtofarads per square nanometer.

Next, as shown in Fig. 5, contact holes in the
Capacitor dielectric 22 are formed for the bond pads 24 and
. the bottom capacitor plate 25. Only one bond pad and one
bond pad contact hole is shown, although it wiil be obvious
to those skilled in the art that this method is equally
applicable to a number of bqnd pad and bond pad contact
holes. . contact holeé are also formed in both the capacitor

dielectric 22 and the interlevel dielectric 26 for Qevice



to the nmounting position 22 of the board 32 for the 10 el ectronic

conponent 17 sucked by the first nozzle 12, the first nozzle 12
noves down to nmount the sucking electronic conmponent 17 to the
nmounting position 22 of the board 32 (Fig. 3J). Wien conpleting the
nmounti.ng of the electronic conponent 17, the first nozzle 12 noves
up and the head 15 section 35 starts to nove to a suction position for
a next el ectroni c ' conponent (Fig. 3A). This sequence of
operations is repeated afterwards to sequentlally nmount el ectronic
conponents. According to the nounting procedure as above,
the 20 head section 35 reciprocates for every el ectronic conponent
between the fae élon 30 and the board 32. Therefore, a nount i ng
time is easily a3v§§ ely influenced by . a distance bet ween t he

suction position of the feed section 30 and the mounting position of

the board 32 ntdng ti I's I s lbe.di stance is
| engt hy. |nC§?ﬁ§?Eﬁg?§g if‘ Jhd”ﬁa TRese cdritactAnd el ablCuils

filled with a second conducting material such as a composite

of titanium/titanium nitride and tungsten.

As shown in Fig. 1, a2 first metal electrode
Pattern is formed over capacitor dielectric 22, the filled
tond pad conﬁact holes 24, the bottom capacitor contact hole
25, and the filled dévice contact holes 16, 17, and 18.: The
first metal electrode pattern forms the top capacitor plate
21, the electrode 36 to one of the filled bond pad contact
holes 24, the electrode 27 to the filled bottom capacitor
contact'hole 25, and the electrodes 31, 32, and 33 to the
filled device contact holes 16, 17, and 18. The first metal
electrode pattern is formed of a material such as a
Composite of aluminum/silicon/copper. Fig. 1 is a cross

Section.view of the capacitor and bond pad structure taken

along line 1~1’ of Fig. 6.

The top view of the first metal electrode pattern
is shown in Fig. 6. Fig. 6 shows the top capacitor plate
21, the electrode 36 to one of the filled bond pad contact
holes 24, the electrode 27 to the.filled bottom capacitor
Contact hole 25, the electrode 34 to the top capacitor plate

21, and the electrodes 31, 32, and 33 to the filled device

Contact holes 16, 17, and 18.
Sheet Has Been Replaced’
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Y C - above single nounting procedure generates a loss tinme if

adopted to a board having nounting points el ongating the di stance of
the nove of. the head section 35. Since the nount i ng procedure

i ncl udes unfavorabl e circunstances as 5. above to increase the nounting
time in each process, the singl e use of the nounting procedure
acconpanies a loss in nmounting tinme per one board. ,
The present invention has for its objet? to provi deisShee epigced
apparatus for nounting electronic 10 conponent s wher eby ﬂﬁ
nounting tine caused by a - si ngl e mounting procedure i ,
thereby to shorten the nounting tine per one board. _

Dl SCLOSURE OESHSISEREBEON - According to one aspect of the
present invention, 15 there is provided a nethod for nounting

el ectronic conponents in a corrected suction posture onto a bpard,
wher eby el ectronic conpdridhis Woéhméf‘ﬁcw%rﬁ’%tméﬁt"%r pfatqz

section are cked by nozzles with the use a‘g d. . . cfilon having
a plurality en%??ﬁegaﬁﬁraﬁﬁuﬁarﬂﬁdtﬁg Eéﬁ ggm%ﬂ §§%<%%1€9c8ﬁ§§n%ﬁ?s of the
feed Sec?'One§@gaam£gﬁoggggﬁdmlnose masks required for the device

without the capacitor. The conducting material used to form

the bottom capacitor plate and the bond pads is chosen to

- prevent bond pad peeling when external electrodes are bonded

to the bond pads.

Réfer now to Figs. 1 and 6, there is shown an
embodiment of the capacitor and bond pad structure of this
invention. The top view of the strﬁcture is shown in
Fig. 6. Fig. 6 shows the top capacitor plate 21, the
electrode 36 to one of the filled bond pad contact holes 24,
the electrode 27 to the filled bottom capacitor contact hole
25, the electrode 34 to the top capacitor plate 21, and the

electrodes 31, 32, and 33 to the filled device contact holes

16, 17, and 18.

A cross section view of the capacitor and bond pad
structure, taken along line 1-1’ of Fig. 6, is shown in
- Fig. 1. Fig. 1 shows a semiéonductor substrate 10 with a
field effect transistor formed therein. The field effect
transistor comprises source/drain regions 13 and 14, a gate'
~dielectric layef 12, a gate electrode 15, and field oxide
_isolation regions 1l. An interievel dielectric layer 26 is

formed over the silicon substrate. The interlevel



caner.a for recognizing a posture of the electronic conponent sucked”

by ‘each“of the nozzles through. inages, _ then a sucked posture of
the el ectronic conponent is image- recogni zed by the recognition-
canera and corrected, by 25 selectively driving the head section
while electronic - 8-

conponents are nmounted to one board acgqrding to a first nmount i ng
procedure so that one of the pIurallty of nozzl es sucks and nounts
one el ectroni c conponent and then the ot her nozzl e sucks and nounts
a different &Se86r8ABc 5 conponent and according to a second nmounting
procedure so that the pIuraIity of nozzles suck electronic

conmponent s consecutively .and nount | ectronic
conmponents c&H&LeGEFiE I 2 material suc as/&ﬁ%ﬁ?ﬂ?ﬁ#ﬁ?? ﬁgr g%ﬁ%ct of

the present . v ovon doped tetraethyl orthosilicate material.

Trenches are formed in the interlevel dielectric
for the bottom capacitor plate, the bottom capacitor
contaci, and the bond pads. These trenches are then filled
with a first conductor material to form the bottom capacitor
plate 20, the bottom capacitor contact 35, and the bond pad
25. The capacitor contact 35 is electrically connected to
the bottom capacitor plate 23. The first conductor
material is preferabiy a material such as doped polysilicon
so that doped polysilicon is formed in the bond pad area as
the bottom capacitor plate is formed. Polysilicon at the
interface between the bond pad and the interlevel dielectric
ié effective in preventing bond pad peeling during |
subsequent'processing. This is achieved without the need of
extra process steps. A metal such as tungsten can alsoc be

used for the first conductor material.

A layer of capacitor dielectric 22 is formed over
the interlevel dielectric 26, the bottom capacitor plate 20,
and the bond pads 23. The capacitor dielectric is a
maéerial such as ONO, oﬁide oxynitride, qr TEOS, tetraethyl
orthosilicate, with a thickness of between about 300 and 700
Angstroms. This capacitor dielectric thickness provides.a

capacitance per unit area in excess of 0.5 femtofarads per

s Sheet Has Been Replaced
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10 , ‘invention, there is provided an apparatus for nounting

el ectroni ¢ conponents onto a board, which conprises a head

section

having a plurality of nozzles for sucking el ectronic
conponents of an el ectronic conponent feed section and a recognition
canera for recognizing a posture 15 of the electronic conmponent sucked
by each of 'the nozzl es t hrough i_tg,idmage, and a control part which

controls the head section so that after the nozzl es suck the
el ectronic - conponents of the conmponent feed sectThisiShdehHas B&MRY

canmera recogni zes a sucked posture of the electronic 20
through its image, whereby the posture of the conp

and the el ectronic components are nount ed on t he boar

T

control part $3 B Aed with a mounting procedure sel ecti on nmeans
for selectively driving the head section while electronlc conponent s

-0-

are 25 QTN Aénpmeger.tx%%é%actaﬁgggglgge ESrnés {d e cQBQQELg

dielectric 22 for the bond pads 24 and the bottom capacitor

Plate 25. Only one bond pad and one bond pad contact hole

is shown. cContact holes aré also formed in both the

capacitor dielectric 22 and the interlevel dielectric 26 for

device contacts 16, 17, and 18. These contact holes are

filled with a second conducting material, which in this

example is also doped polysilicon.

A first metal electrode pattern is formed over

capacitor dielectrié 22, the filled bond pad contact holes

24, the bottom capacitor contact hole 25, and the filled

device contact holes 16, 17, and 18. The metal electrode

~ forms the taop capacitor plate 21, the electrode 36 to one of

the filled bond pad contact holes 24, the electrode 27 to

the filled bottom capacitor contact hole 25, and the

electrodes 31, 32, and 33 to the filled device contact holes

16, 17, and 18.

This capacitor and bond pad structure provides

. bond pads which will not peel during subsequent.processing

and a capacitor with a capacitance in excess of 0.5

femtofarads per-square nanometer.

While the invention has been particularly

shown and described with reference to the preferred



procedure whereby one of the plurality of nozzles sucks and nount s
oné el ectroni ¢ conponent” and then the other nozzle sucks and nounts
a different electronic conponent and “according to a second nounting
procedure whereby the 5 plurality of nozzl es suck el ectronic
conponent s consecutively and then nmount the sucked electronic
conponents consecutively. - 13 -According to the nmounting nethod
and appar at us of the present invention, while one board is subjected
to 10 mounting of electronic conponents, the head section is
selectively driven according to the first nounting procedur e
wher eby one el ectronic conponent is conpletely sucked and nount ed
and then a ngxt gl@{%ronic conponent is sucked and nounted, and
according to 233 nd mounting 15 procedure whereby two el ectronic
conponents are sucked and then nount ed. Wen a suitable one

of the nOURLLAG;Ren tﬂ&%%duaeswifls@é%s@ddow tﬁogatamimé' me
gener at ed K %e nmounti g 1s carried out in one"single procedure is-
decreased. THA HRENEHGHAU R ak@busVERgndesrih iforsh@nidededail2Onay be

For instance, if a tine required in each nounting _ procedure is
cal cul at ed bmédeewitisowi atdpagtinguitomgtiendspirit and scope of the

invention.

What is claimed is:

. This Sheet Has Been Replaced




the_mounting procedure of a shorter required time is automatical ly

sel ected, the nounting time for each board is autonaLLcaLLy_nggggg;_‘

- 10 - | f an operator selects fron1th§mggﬁ nount I ng
procedures, the nounting procedures can be optionally used. eetHasEﬁaﬁﬁ%phcai

DESCRI.PTI ON OF DRAW NGS These and ot her. !asd#ﬂ, _
features of the 5 present invention wll beconme clea

fol |l owi ng _ description taken in EOH?Jnction with the preferre
enbodinents__thereof wth reference to the acconpanying

dr awi ngs, i 7O wd? T 5 Fig. 1 is a perspective view show ng
the total 10 schematic constitution of an el ectronic conponent nounting
apparatus apeof ding, 19 P STOOH TP a il P'ESEH 1sing end WEDSL OBk

providing a semiconductor substrate having devices
formed therein and a layér of interlevel dielectric formed
thereon;

planarizing said layer of interlevel dielectric:

forming a bottom capacitor plate trench region, a
bottom capacitor contact trench region, and a number of bond
pad trench regions in said layer of interlevel dielectric;

filling said bottom capacitor plate trench region with
a first conductor material thereby forming a bottom
capacitor plate;

filling said bottom capacitor contact trench region
Wi?h alfirst conductor material thereby forming a bottom
capacitor contact;

filliné said bond pad trench regions with said first
conductor material thereby forming a number of.bond pads:

forming a layer of capacitor dielectric over said
bottom capacitor plate, séid bottom capacitor contact, said
bond pads, and said layer of interlevel diélectric: |

forming a bottom capacitor contact hole énd a number of
bond pad contact holes iﬁ said capacitor dieléctric, wherein
said bottom capacitor contact hole is directly over said
bottom capacitor contact and each said bond pad contact hole
is over one of said bond pads;

forming a number of device contact holes in said

capacitor dielectric and said interlevel dielectric;

. * c L M S *




Fig. .2 is a block diagramof a control part in t he nounting

apparat tis of the enbodi nent; 15 Figs. 3A, 3B, 3C, 3D, 3E, 3F,
3G, 3H, 31, and 3J are diagrams respectively _diagrammaticab-y—
expl ai ni ng processes in a first nounting procedure |n the ,
enbodi nent ; Figs. 4A 4B, 4C, 4D, 4EThI pa“?ﬂl
4K, and 4L are di agr ans ﬁ§pect|vely “ |
expl ai ni ng processes in a second nDuntlng procedure |n

enbodi nent ; - Fig. 5is atimng chart of the first mounting
procedure in the enbodi nent; Fig. 6 is atimng chart of

t he second nofi%5g0435 procedure in the enbodi nent;
Fig. 7is a flowchart of a routine for

filling said bond pad contact holes, said bottom
capacitor contact hole, and said device contact holes with a

second conductor material;

forming a layer of third conductor material over said
capacitor dielectric, said bond pad contact holes, and said

device contact holes; and

patterning said layer of third conductor material to

form a top capacitor plate and a top electrode pattern.

2. The method of claim 1 wherein said first conductor

material is doped polysilicon.

3. The method of claim 1 wherein said first conductor

material is tungsten.

4. The method of claim 1 wherein said interlevel dielectric

is borephosphosilicate glass.

S. The method of claim 1 wherein said interlevel dielectric

is boron doped tetraethyl orthosilicate.

€. The method of claim 1 wherein said capacitor dielectric

is tetraethyl orthosilicate.

7. The method of claim 1 wherein said capacitor dielectric

is oxide nitride oxide layered structure.

TR O DU




cal culati'ng a nounting tine of each procedure in the enbodi nment ;

Figs. 8A and 8B are explanatory diagrans of the 5 itiéu_iuuigﬂﬂxuﬁL___

nount i ng procedures schematically show ng a stat ere a head
section is noved in the enbodi nent; H

expl anatory di agrans of an equal velocity anenen £ﬁ§

table and a Y-axis tabl e used qu cal cul ating the |n
the 10 ?g{% nt when a maxi num velocity is achi eved and vvhen t he

maxi mum-vel o 4t achi eved:; - - Fig. 10 is an

expl anat ory dlagrantof par anet ers used for calculating t he nounting
time in the enbqgi Is_a _canparative diagram
of nounting %15%%' qgg?@ ﬁftﬁéaFWOIWHBﬁFFﬁg 5?65% @% L fdedpcddifent ;
and erspective vie t he total

schematic c8RS @ m%m %Ggﬁggﬁt ggﬁéﬂt 08 @&‘f difi% %‘“QStmmscorrponent
nount i ng appar at us. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON 20
Bef ore the description of the present invention proceeds, it is to

be noted thas.| ke RALBACS USSIAT! fflerein sail)thikRabaLotsRpiguIELal s

t hrough the attac oni

mounting  apRREHES ajrectly 366%kbAYa! BoREBneRARICIRY: g&att'ae present

i nvention w |

10. The method of claim 1 wherein said second conductor

material is titanium/titanium nltrlde and tungsten.

11. The method of claim 1 wherein said third conductor

material is aluminum/silicon/copper.

12. A capacitor structure, comprising:

2 semiconductor substrate having devices formed therein
and a planarized layer of interlevel diélectfic formed
thereon; '

a pottom capacitor plate trench region, a ﬁottom
capaciter contact trench region, and a number of bond pad
trench regions formed in said layer of interlevel
dielectric;

a botton capacitor plate formed by filling said bottom
Capacitor trench region with a first conductor material;

a bottom capacitor contact formed by fiiling saia
bottom capacitor contact trench with said first conductor

material;
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25 . be-described with reference to Figs. 1-11 hereinbel ow In

- 12 - - t he apparatus according to the enbodi nrent shown in Fig. 1,
mechani cal specifications of the conponent feed sectian_30 f or

suppl ying el ectronic conponents, X-axis table 33, Y- axi s table 34
and head section 35 including the first 5 nozzl e 1T? he ‘eplaced
13, recognition canera 15 and slide unit 14, et y to
correspondi ng parts of t he convédtT onal apparatus

description of - which will therefore be omtted here

Fig. 2 is a.block diagramof a main controller 1 10 as control

part of the nDuntlng apparatus of the enbodlnent. In Fig. 2,
the main contYH1° is provided with a programdata 2, a constant
data 3, and prograns for a nounting procedure selection routine 11

to be.executed a number of bond pads formed by filing said bond pad
trench regions with said first conductor material;

a layer of capacitor dielecfric formed over said bottom
capacitor plate, said bottom capacitor contact, said bond
pads, and said layer of interlevel dielectric;

a bottom capacitor contact hole and a number of bond
pPad contact holes formed iﬁ said capacitor dielectric:_

a number of device contact holes formed in said
capacitor dielectric and said interlevei dielectric;

a second conductor material filling said bond pad
contact holes, said bottom capacitor contact hole, and said
device.contact holes: |

a layer of third conductor material formed over said
capacitor dielectric, said bottom capacitor contact hole,
said bond pad contact holes, and said device contact holes;
and |

a top_capacitor plate and a top electrode pattern

formed in said layer of third conductor material.

13. The capacitor structure of claim 11 wherein said first

conductor material is doped polysiliéon.

14. The capacitor structure of claim 11 wherein said first

conductor material is tungsten.

A O A '



with tthe_utilization of the programdata 2 and constant 15 data 3. The

mai n controller 1 controls operations of the el ectroni ¢ conponent

feed section 30, X-axis table 33, Y- - axis table 34 and head section
35 having the first nozzle 12, second nozzle 13, rﬂhnnnifinn Panpra
15 and slide unit 14, etc. 20 The prg r

I ncl udes an NC program5, a conponent feed sectio Remmﬁd
program 6 and a conponent | i bragy -7. In the NC pr

descri bed nounting orders for electronic conpo

posi ti-ons for éhg g%{gtronic conponents on the board 32, Iayout hbs
of the electron % nponents sucked by the

- 13 - nozzles 12 and 13 at the conponent feed section 30,

nmounti ng proceéeur of _the, usin sect 35 gnd t ' | i ke dat a.
The arrangem&*ﬁ{’JI ﬁ%r%ﬁ%‘”c a%ﬁ“cg:a\‘\tf sfc%rl% T dnerein said

interlevel dielectric is borophosphosilicate glass.

16. The capacitor structure of claim 11 wherein said

interlevel dielectric is boron doped tetraethyl

Orthosilicate.

17. The capacitor structure of claim 11 wherein said

Capacitor dielectric is tetraethyl orthosilicate.

18. The capacitor structure of claim 11 wherein said
Capacitor dielectric is oxide nitride oxide layered

structure.

19. The capacitor structure of claim 11 wherein said

Capacitor dielectric has a thickness of between about 300

and 700fAngstroms.

20. The capacitor structure of claim 11 wherein said top

Capacitor plate is formed directly above said bottom

Capacitor plate.

21. The capacitor structure of claim 11 wherein said second
conductor material is titanium/titanium nitride and

tungsten.
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arrangengnts or |ayout manners, suction positions for the 5 electronic
conponents, etc. in the conponent feed section 30. The conponent
library 7 <contains data such as di mensi ons and_LeedL_g______*___;_
directions of the conponents, stages - of moving speeds of the X-axis
table 33 and Y-axis table 34 at the sucking tinme of BQEHIRép[aced
conponents, etc. 10 These prograns _apg data can be edit:e ,! M
operation panel 4 of the nounting apparatus of the -er

The constant data 3 includes a shaft speed data 8, a shaft nove

time data 9 and a recognition tine data 10. The shaft speed data 8

i ncl udes such data as shaft 15 speeds and accel erations of a screw

shaft connec¢§dg§0ga rotary shaft of an AC servo notor driving the
X-axis table 33, a screw shaft connected to a rotary shaft of an AC
servo notor driving the Y-axis table 34, a screw shaft connected to

tary shaiz. i i 2o e shand
s Yor eyt SREFLFRD BPSHPREL'BF oy e Sl i

novenent ti neortihictSr i Bt : ‘ t| nes required for the
first and second nozzl es §Q§§1 lsl%}uﬁgﬁ%g/ﬁg%gcaﬁ an&Pgs 5wn, a time
required for the slide unit 14 to nove, etc. The recognition
time data 10 25 contains data required for recognizing the

el ectronic

* ¢ L L § *



-

- 14 - . conponent s and for calculatlng and correcting postures of
the el ectronic conponents. The" above ‘shaf t: i novement tine data 9 and
recognition time data 10 will be detailed |ater with reference to
Fig. 10. 5 ' In the nmounting procedure selection routine 11
before nounting of the el ectronic conponents is started, a nount i ng
time, of the head section 35 in each procedure is cal cul at ed based
on the above-described data, so that the 1/3 procedure of the snall est
time is sel ected. The nmounting 10 - prcedure selecti.on routine 11 wl|
be described later with reference to Figs. 3Ato Fig. 10.

Two rounting procedures in the enbodinment will be depicted now. A
first nounting procedure is the sane as " the conventional exanple
described with reference to Figs. 15 3A- 3J. Fig. 5is the timng
chart of the procedure.

) 31 33 27
32 20 22 21|25 22 24 /36
22 TAT7 7727 \ 992
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L 11 35
"151226 | >
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Sucki.ng of one conponent and nounting of another conponent
alternately repeatedly carried out according to the

A second mounting procedure is a freshly added
appar at us,
4A-4L. Fig. 6 is a timng
in which a/@rt of

procedure.

20 pr ocedur e to the
di agrammatically shown in Figs.
t he second nounting procedure,
corresponds to a being-driven period from

nmount i ng

are
first
whi ch is
chart of
_ inclined |ines
t he "nmovenent of the head

section” to the "corrective 25 rotation of the second nozzl e" excl udi ng
the "recognition" 15 -

process, and a part of horizontal Ilines is where the appar at us
st ops operating. Meanwhile, upper straight |ines in the recognition

process indicate when the recognition process is carried out, and
| ower straight lines indicate
20 35 23
15 | |
BRSNS S S S S S ST =Y
A ¢
\ ’
] T i I
153 12 14 11
20 35 23
1? [ Y \ ”
— —— 2
7{26
10
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5 _ whepn the recognition process is stopped. Fi ne sawt oot hed

parts are standby tines set by the tiner. Since the

recognition process is conducted after the mrror in the slide unit
14 vibrates and stops its vibration resulting fromthe novenent of
the slide unit 14 after receiving a 10 novenent conpletion signal of
the slide wunit 14, the standby tine is provided to wait for the
mrror to stop "~ vibrating. Accordi28/§$ t he second nDuntln

procedur e, nozzles 12, 13 sequenti suck eIectFB ﬁ%hﬁ Immd
and then sequentially nount the conponents.
nmounti ng procedure w Il be described with reference

4A- 4L and 6. The head section 35 is aned by t he X—aX|s
and Y- axis tables 33 and 34 to a suction position 25 of the feed
section 30 for an electronic conponent 23 by the first 20 nozzle 12
(Fig. 4A). When the head section is perfectly noved to the suction
position 25 by the first nozzle 12, the first nozzle 12 cones
down to suck the electronic conponent 23 at the suction position 25
(Fig. 4B). When the el ectronic conponent 23 is conpletely sucked
by the 25 first nozzle 12, the first nozzle 12 noves up and the head

18_16 17 |
_22( - 2/5 2(0 22 25 22 24
/

) l
22 L ) L
26 mw AR o L 22
11 : é ]r—‘ZG

FOX

10

{
13..12 14 11 35 2




- 16 .- o ~ section 35 starts to nbVe'to a suction position 26 of the

feed section 30 for an electronic conponent 24 by the -second nozzl e
13 (Fig. 4C). Upon conpletion of the rise of the first nozzle 12,
the slide unit 14 noves to the first 5 nozzle 12 (Fig. 4D). \Wen the
slide unit 14 finishes the . novenment and the head section 35 finally
reaches the suction positiwew sickoénd bBEraee®d nozzle 13 for the _
el ectroni c conponent 24, the seaot wiedanerlcadesoeRprds to _ suck the
el ectroni c CoOPPdy 24 at the suction position 26 10 (Fig. 4E).

When the second nozzle 13 finishes sucking of the el ectronic
component 24, the second nozzle 13 noves upward and the head section

35 starts to nove to a NOUNQRZFRACT OF NP DISCIDSGUWE t he board 30 for the
el ectroni ¢ conponent 23 . 15 sucked by the first nozzle 12 (Fig. 4F). :
Wil e the second nozzl e 13 sucks the el ectronic cofrponent 24 and the

head

This invention provides a structure and a method
of forming a capagitor with a high unit capacitance for use
in analog circuits and a bond pad which‘will eliminate bong
pad peeling during subsequent processing. The bottpm
capacitor plate is formed at ﬁhe same time the bond pads are
formed. The bottom capacitor plate and the bond pads are
formed using a conducting material, such as doped:
Polysilicon, which will eliminaﬁe bond pad peeling during
subsequent procesSing. The top capacitor plate is formed
when the top electrode pattern is formed. This integrated
Process provides a bond pad which will eliminate bond pad
Peeling during subsequent process steps and a capacitor with

~ high unit capacitance for use in analog circuits.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)'
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AN [—
section 35 noves to the mounting p05|t|on 27, a posture of o7 £ o

.€el ectroni-c conponent 23 sucked by the first nozzle 12 IS recogni zed
by the recognition canera 15, and a 20 correction calculation is
started to correct the sucked posture. After the correction
calculation is conpl eted t hrough the recognition, the slide unit 14
noves to the side of the second nozzle 13 (Fig. 4. At the sane
tinme, a suction posture of the first nozzle 12 to the head 25
section 35 is corrected on the. bas&saehwt,e ee{fectren

- 17 - cal cul ation. Aft e @pletes nDV|ng and

the head section 35 conpl et el ¥ ifoves: s ERsSTunt iF g "4 | Position 27 for
the el ectroni c conponent 23 Suék 1y thé%>»f &tJﬁ £&t - ozzIe 12, the first
nozzl e 12 noves down thereby & ,Lxgﬂnqmr“ihéveﬁ S8 O q conponent 23 to
the nounting position a7 . oththe baampet 3B ¢ Fagod

1

§

A ——r s el e

~NEW BAGK-END CAPACITOR

WITH HIGH UNIT CAPACITANCE
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention deals with the formation of a
capacitor having a—-high unit capacitance for analog
circuits. Bond pads are formed at the same time the bottom
capacitor plate is formed using a conducting material which

will avoid bond pad peeling during subsequent processing.

DESCRIPTION OF THE RELATED ART

anderson et al., U.S. Pat. No. 4,495,222 shows the
use of polysilicon under the bond pad to eliminate bond pad
peeling during subsequent processing. In the invention of
this Patent Application, however, a bottom capacitor plate
is formed at the same time the bond pads are formed. This
integrated process step provides a bond pad whzch wzll

t”

P This is the rep!a@ement shee],



Wien the first nozzle 12 conpletely nounts the el ectroni ¢ conponent
23 to the board 30, the first nozzle 12 then noves up and the head
section 35 noves to a 10 nounting position 28 of the board 30 for the
el ectronic conmponent 24 sucked by the second nozzle 13 (Fig. 4l).
VWhile the first nozzle 12 nounts the el ectronic conponent 23 to the
board 30 and the head section 35 noves to the nmounting position 28,
the recognition camera 15 recognizes 15 - 2 & suction posture of the

el ectroni ¢ conponent 24 sucked by t he second nozzle 13, and a
correction calculation is started to correct the posture. After
conpletion of the correction cal cul ati on based on the recognition,
the slide unit 14 noves to the side of the first nozzle 12 (Fig. 4J)
20 and noreover, a sucking posture of the second nozzle 13 to t he
head section 35 is corrected on the basis of the result of the
correction calgulation. After the novenent of the slide unit 14 and
al so the novEhsRinate thandiqad peeling @8ring subseguemt proeessgspessti on 28
on the boarda§9 ;or the, 25 el ectroni.c conponent 24 sucked by the second

nozzle 13 aré capacitor with high unit capacitance for use in analog
Circuits. The top capacitor plate is formed at the same

time the top electrode pattern is formed.

This is the replacament sheet .
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18 -- conpl eted, the second nozzle 13 descends, thereby nmounting
the sucking el ectronic conponent 24 to the nmounting position 28 of
the board 30 (Fig. 4K). After the nounting by the second
nozzle 13 is 5 finished, the second nozzle 13 noves up and the
head section 35 starts to nove to a suction position 29 of the
feed section 30 for an electronic conpqnﬁnl 123 to be sucked next
by the second nozzle 13 (Fig. 40) . - Subsequently, the
nmounting procedure is carried out with 10 the first nozzle 12 and
second nozzle 13 reversed in order. El ectroni ¢ conponents are
nmount ed by repeating a sequence of the above-descri bed operations.
According to the nounting apparatus of the enbodi nent, a nounting

procedure selection colum in ®*xEni s edited with the
Solulity g, e PLROE

use of the operation panel 4, an e one of the two nounting

procedures can be optionally selected and set. The

nounting procedure selection routine 11 will -
Capacitors with two metal plates or one metal and

one polysilicon plate integrated into an integrated circuit
element are often .used in analog circuit applications
because of their high degree of linearity. It is difficult

to obtain a sufficiently large capacitance per unit area in

these capacitors to enable them to be used without stacking.

Input/output connections for an integrated circuit .
elements often use a bond pad formed on a layer of
dielectric material such as silicon dioxide or
borophosphosilicate glass. Special care must be taken to
prevent peeling of the bond pad from the dielectric

material.

It is an objective of this invention to provide a
method of forming a capacitor with high capacitance per unit
area and simultaneously forming a bond pad interface which

will prevent bond pad peeling;

Tt is a further objective of this invention to
provide a capacitor with a high capacitance per unit area

for use in analog circuits and a bond pad interface which

will prevent bond pad peeling.
This is the replaceament sheet
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be described with reference to Figs. 3A-10. 20 ' Fig. 7is a
flow chart of the nounting procedure sel ection routine 11.
According to the routine 11, in the first place, noving distances
dierr]-d[err], d[lerr]'-d[err]' of the head section 35 are

calcul ated (step S1). Moving tinmes n(d[err])- m(d[err]),
m(d[err]')-nm(d[err]') of the head section 35 are then 25 cal cul at ed
(step S2). Times T1, T2 in redpective '

- 19 - procedures are calculated (step S3). A faster one of the
procedures is selected (step S4). The nounting procedure sel ection
routine 11 is started when n>2 and n is an odd - nunber when an (n)th
el ectroni c conponent is to be sucked 5 by the first, second nozzle 12,
13. Figs. 8A and 8B are diagrans of the novenent of

the head section 35, rReG IfRldvivdd krSAcHi®Ved By means of a bottom
plate capaciﬁor trench and a bond pad trench fofmed in a
layer of interlevel dielectric. The interlevel dielectric
is formed over a semiconductor substrate having devices
formed therein. The bottom plate capacitor trench and the
bond pad trench are filled with a conductor material such as
doped polysilicon thereby forming a bottom capacitor plate
and a bond pad. A capacitor dielectric is formed over the
bottom capacitor plate and a metal top capacitor plate is
formed over the capécitor dielectric. The polysilicon |
interface between the bond pad and the interlevel dielectric
prevents bond pad peeling and the capacitor structure
provides good capacitor linearity and a capacitance per unit

area in excess of 0.5 femtofarads per sguare nanometer.

This is the replacament sheet
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novenent in the first nounting prdcedure and Fig. 8B corresponds to

t he second nounting procedure. Either of 10 t he nounting procedures
requiring a larger noving distance of the X-axis and Y-axis tables
33, 34 is detected in the. routine 11. Concretely, noving distances
dierr]-d[err] in Fig. 8A and noving distances d[err]'-d[err]"' in
Fig. 8B are obtained according to 4 he NC program 5 and arrangenent
program 6. 15 Cal cul ation forrmul ae are as foll ows.

dierr]=max([err]) ' dierr]=max([err])
dierr]=max([err]) dierr]=max([err]) 20

dlerr]'= ([err]) dlerr]" =max([err])

dierr]'= [err] $rg%errl;“' =max %[errl‘%

"X err]" is an x coordi nBRIEF REICRELRIPNCPoSHE BRAWSNGS ot the (n)th

el ectroni c conponent to the board 30 and, "y[err]"

Fig. 1 shows a cross section view of a
semiconductor substrate with the capacitor structure, bond
pPads, bond pad contacts, device contacts, and top metal

pattern formed taken along line 1-1’ of Fig. 6.

" Fig. 2 shows a cross section view of the
semiconductor substrate with devices formed therein and
interlevel dielectric formed thereon taken along line 1-1°

of Fig. 6.

Fig. 3 shows a cross section view of the
semiconductor substrate with the bottom capacitor trehch and
bond pad trenches formed in the interleyel dielectric and
filled with conductor material taken along line 1-1’ of

Fig. 6.

Fig. 4 shows a cross section view of the’
semiconductor substrate with the capacitor dielectric formed
over the bottom capacitor plate, the bond pad, and the

interlevel dielectric taken along line 1-1’ of Fig. 6.

This is the replacement sheet
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- 20 - is ay coordinate of the nounting position of the sane
-electronic conponent. "z[err]" is an (n)th layout No. at the feed
section 30. "x[err]" is accordingly an x coordi nate of t he suction
position of the electronic conponent at the 5 | ayout No. [err]
"Y[err]" is ay coordinate of the suction position of the electronic
conponent at the |ayout No. [err] "max(i,j)" is a function to obtain
a larger one of i and j, and "b"6i"s a distance between the two
nozzles 12 and 13. In the selection routine 11, then,
times required 10 for the X-axis table 33 or Y-axis table 34 to nove

t he di stances d[err]-d[err] or d[err]'-d[err]' are cal cul ated, which

will be discyssed in detail _wth refﬁnence.t% F%g% 9A and 9B
Figs. 9A and 9B are’ HPagPafio¥f RhEERBTeRERFLQP VieW oL fBey axis and

G ¥ AR RNaR e AR OLAR e abi e BRI BRRAE g
ccceleral4br cht BgienSdaliShe playe, WTHonaspla TR 001 1Y

achi eved fRKePVIVYE! @fbidctric, théMbbnaPPhd®tshtabe! Hbids] fedt! on of V

max<Vmax "[err]"”
bottom capacitor contact hole, and the device contact holes

- taken along line 1-1’ of Fig. 6.

Fig. 6 shows a top view of the capacitor structure

showing device contacts and bond pad contacts.

This is the replacement sheet
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20 -+ an acceleration (unit: pulse/s[err]) of each screw shaft of the

X-axis and Y-axis tables 33 and 34, "d" is a noving di stance (unit:
nm) of each screw shaft and, "m(d)" is a time (unit: s) required
for nmoving the distance d. The "pul se” in the unit of the above
vel ocity and accel eration 25 I ndicates a driving pul se of the AC servo
not or of the X- -7 - ' - 21 -

axis table 33, Y-axis table 34. Fig. 9A is the diagram when t he

t abl es nmove at an equal velocity after achieving t he determ ned
maxi mum vel oci ty. On the other hand, Fig. 9B shows the case when
they do not reach the determned 5 maxi mum vel oci ty.

Si nce 500( pul se) of the encoder built in the AC servo notor
corresponds to 1(mm), the function n(d) of the required noving tine

of the X-axis table 33 ggsggﬁﬁ‘ffm}%@ $HE PREFER®ED ' BMpddeeidg ng distance d

i s detected based on Fi

Refer now to Figs. 1-6 there is shown an
embodiment of a method of forming the capacitor and bond pad
structure of this invention. Fig. 2 shows a semiconductor
substrate 10 with'a field effect transistor formed therein.
The field effect transistor comprises source/drain regions
13 and 14, a gate dielectric layer 12, a gate electrode 15,
and field oxide isolation regions 11. An interlevel
dielectric layer 26 is formed over the silicon substrate.
The intérlevel dielectric is a material such as
borophosphosilicate glass or boron doped tetraethyl

orthosilicate material.

As shown in Fig. 3 trenches are then formed in the
interlevel dielectric for the bottom capacitor plate, the
bottom capacitor contact, and the bond pads. Fig. 3 shows
only one of the bond pads. The mask used for this step is
the only additional mask required over the masks required to
form the integrated circuit eiement without the capacitor.
These trenches are then filled with a first conductor
material to form the bottom capacitor plate 20, the bottom
capacitor contact 35, and the bond pad 23. As shown in
Fig. 3, the capacitér contact 35 is electrically connected
to the bottom capacitor plate 23. The first conductor

material is preferably a material such as doped polysilicon

This is the replacament sheet
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10 - 9B as foll ows. VWhen sqrt (500[ err]d)[err] Vmax,
' d) =Vmax/ a+500d/ Vimax _ When sqrt (500[ err]d) <Vmax,
m (d) =2sqrt (500[err]d) 15 In the above expressions, "sqgrt" s
a function for obtaining a square. Val ues of Vmax and a can be
obt ai ned fromthe shaft speed data 8 on the basis of the speed
st age of the head section 35 in _the conponent library 7.
The tinme required for the X-axis tabl & 837or Y- 20 axis table 34 to
nove the distances d[err]-d[err], d[err]'-d[err]" is cal cul at ed
with the use of the function md) in the sel ection routine
11. Thereafter, the nounting tinme in each nounting
procedure is cal.cul ated based on the timng charts of Figs. 25 5, 6
by the selection routine 11. Fig. 10 indicates
- 22 -
so that doped polysilicon is formed in the bond pad area as
the bottom capacitor plate is formed. Polysilicon at the
interface between the bond pad and the interlevel dielectric -
is effective in preventing bond pad peeling during
subsequent processing. This is achieved without the need of
extra process steps. A metal such as tungsten can also be

used for the first conductor material.

Next, as shown in Fig. 4, a layer of cépacitor
~dielectric 22 is formed over the interlevel dielectric 26,
the bottom capacitor plate 20, and the bond pads 23.- The
capacitor dielectric is a material such as ONO, oxide
nitride oxide layered structure or sandwich structure, or
TEOS, tetraethyl orthosilicate, with a thickness of between
about 300 an& 700 Angstroms. This capacitor dielectric
thickness provides a capacitance per unit area in excess of

0.5 femtofarads pér square nanometer.

Next, as shown in Fig. 5, contact holes in the
capacitor dielectric 22 are formed for the bond pads 24 and
the bottom capacitor plate 25. Only one bond pad ahd one
bond pad contact hole is shown, although it will be obvious
to those skilled in the art that this method is equally
applicable to a number of bond pad and bond pad contact
holes. . Contact holes are also formed in both the capacitor

dielectric 22 and the interlevel dielectric 26 for device
- This is the reptacament sheet



paranéters used in calculating the mounting tinmes in the sel ection
routine 11, which are included in the shaft novenent tinme data 9 and

recognition time data 10. Synbol s h, a, s and r in Fig. 10
correspond to those in Figs. 5, 6. 5 Each parameter in

Fig. 10 wll be described below. A sucking/nmounting tinme h
(unit: s) is atine I nterval aijﬁr_the first and second nozzl es
12, 13 start to descend, through the suction of the conponents,

until the first and second nozzles 12, 13 finish to nove up. Val ues
10 of the sucking/mounting tine h of the first and second nozzl es
12, 13 in every speed stage are described in the shaft novenent tine

data 9. An arch notion tinme a (unit: s) is atine while both the
novenent of the X-axis table 33 or Y-axis table 34 and the up-down

novenent of the first 15 and second nozzles 12, 13 are conducted at the

same time,  contadts e, fiOnkaangdsof Beede r&a&h@tﬁﬂmgg 4% & %C“S of an
arch. Values of the arch notion tinme a of the head sectlon and

the first andfidteddvitty d eecdid &8n&@¢tmg‘3m,at%ﬁﬁad such as %%
described in the shaft novenent tine data 9. A 20 novi ng t| ?u It:
s) of the sl i 86 GhFanium/td tanfumenitride andggiungstént the slide uni t 14 to

nmove from one nozzl e

As shown in Fig. 1, a first metal electrode
Pattern is formed over capacitor dielectric 22, the filled
b?nd pad contact holes 24, the bottom capacitor contact hole
25, and the filled device contact holes 16, 17, and 18.: The
first metal electrode pattefn forms the top capacitor plate
21; the electrode 36 to one of the filled bond pad contact
holes 24, the electrode 27 to the filled bottom capacitor
contact hole 25, and the electrodes 31, 32, and 33 to the
filled device contact holes 16, 17, and 18. The first metal
electrode pattern is formed of a material such as a
Composite of aluminum/silicon/copper. Fig. 1 is a cross
Section .view of the capacitor and bond pad structu:e-takeﬁ

along line i-1’ of Fig. 6.

The top view of the first metal electrode pattern
is shown in Fig. 6. Fig. 6 shows the top capacitor plate
21, the electrode 36 to one of the filled bond pad contact
holes 24, the electrode 27 to the filled bottom capacitor
contact hole 25, the electrode 34 to the top capacitor plate
21, and the electrodes 31, 32, and 33 to the filled device

Contact holes 16, 17, and 18.
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towards the other nozzle. Values of the noving tinme s of the slide
unit 14 for every speed stage are described in the shaft novenent
time data 9. A sucking posture 25 recognition tine r (unit: s)
is atine after the timer is -

23 -

started to secure a vibration counteractive tinme (standby

time before the vibration of the mrror incorporated in the slide
unit 14 which is caused due to the meveoent of the slide unit 14 is
stopped) after the conpletion of the 5 novenent of the slide unit 14
before an i mage of the sucked el ectroni c conponent. is taken in and
t he anount for correcting the sucked posture is finished to be

cal cul at ed.

every
data 10.

The sucki ng posture recognition tinme r required for
el ectroni c conponent is described in the recognition tine 10

In this embodiment the bottom capacitor plate and
the bond pads are formed at the same time using only one
extra mask beyond those masks required for the device
without the capacitor. The conducting material used to form
the bottom capacitor plate and the bond pads is chosen to

Prevent bond pad peeling when external electrodes are bonded

to the bond pads.

Refer now to Figs. 1 and 6, there is shown an
embodiment of the capacitor and bond pad structure of this
invention. The top view of the structure is shown in
Fig. 6. Fig. 6 shows the top capacitor piate 21, the
electrode 36 toc one of the filled bond pad contact holes 24,
the electrode 27 to the filled bottom'capacitor contact hole
25, the electrode 34 to the top capaéitor plate 21, and the

electrodes 31, 32, and 33 to the filled device contact holes

16, 17, and 18.

A cross section view of the capacitor and bond pad
structure, taken along'line 1-1’ of Fig. 6, is shown in
Fig. 1. Fig. 1 shows a semiconductor substrate 10 with a
field effect transistor formed therein. The field effect
transistor comprises source/drain regions 13 and 14, a gate
dielectric layer 12, a gate electrode 15, ahd field oxide
isolation regions 11. An intérlevel dielectric layer 26 is

formed over the silicon substrate. The interlevel
This is the reptacament sheet
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The .nounting tinme of each procedure is cal cul ated by the sel ection
Toutine 11 with the use of the follow ng expressions fromtines
m(d[err])-m(d[err]), m(d[err]')-m(d[err]') required by the X-axis
table 33 or Y-axis table 34 to nove the 15 di stances d[err]-d[err],
dierr]'-d[err]', shaft novenent tine data 9 and recognition tine
data 10. A nounti ng t|g§ T1 (unit: s) of the first
nmounting procedure is cal cul ated accordi ng to expressi ons bel ow.
20 (1) When nm(d2)<2a+s and m(d4) <2a+s, Tl= (m (d[err])
+m(d[err]) +4h-4a+2s) /2 (2) When n(d[err]) 2a+s and

md[ err]) <2ats, Tl= (m(d[err]) +m(d[err]) +m(d[err])

+4h- 6a+s) /2 (3) Wien n(d[err])<2a+s and n(d| errL)[err]2a+s 25
Tl— ( rr( dlerr ]§1q}ﬂqﬂm Ds mr_érlfi sugh @&q,_gorpghosphcsn cate glass

or boron doped tetraethyl orthosilicate materxal.

Trenches are formed in the interlevel dielectric
for the bottom capacitor plate, the bottom capacitor
contact, and the bond pads. These trenches are then filled
with a first conductor material to form the bottom capacitor
plate'zo, the bottom capacitor contact 35, and the bond pad
25. The capacitor contact 35 is electrically connected to
the bottom capacitor plate 23. The first conductor
material is preferably a material such as doped polysilicon
SO that doped polysilicon is formed in the bond pad area as
the bottom capacitor plate is formed. Polysilicon at the
interface between the bond pad and the interlevel dielectric

is effective in preventing bond pad peeling during

Subsequent processing. This is achieved without the need of
extra process steps. A metal such as tungsten can also be

used fof the first conductor material.

A layer of capacitor dielectric 22 is formed over
the interlevel dielectric 26, the bottom capacitor plate 20,
and the bond pads 23. The capacitor dielectric is a
material such as ONO, oxide oxynitride, or TEOS, tetraethyl
orthosilicate, with a thickness of between about 300 and 700
Angstrcﬁs. This capacitor dielectric thickness provides a

Capacitance per unit area in excess of 0.5 femtofarads per
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(4) Waen n(d[err])[err]2a+s and n(d[err])[err]2a+s, T1=
(m(d[err]) +m(d[err]) +nm(d[err]) +m(d[err]) +4h-8a) /2

A mounting time T2 (unit: 8) of the second nounting procedure is
cal cul ated according to expressions 5 bel ow. (1) Wen
m(d[err]"')<r-h+2a+s, m(d[err]')<2a+s, and m(d4') <r-h+2a+a,
T2=(m(d[ err]"') +2h-2a+3s+2r)/ 2 (2) When n(d[err]')[err]r-h+2a+s,
m(d[err]')<2a+s, and 10 m(d[err]' 9 12r=h+2a+a, T2—
(m(d[err]" ) +nm(d[err]"') +3h-4a+2s+r) /2 (3) When
m(d[err]"')<r-h+2a+s, m(d[err]')[err]2a+s, and m(d[err]"')<r-h+2a+a,
T2= (m(d[err]"') +m(d[err]') +2h-4a+2s+2r) /2 15 (4) Wen
m(d[err]")[err]r-h+2a+s, m(d3')[err]2a+s, and ' m(d[err] ") <r-h+2a+a,
T2=(m(d[err]")+m(d[err]")+m(d[err]") +3h-6a+s+r)/2 (5) Wen
m(d[err]"')<r-h+2a+s, m(d[err]')<2a+s, and m(d[err]") -
[err]r-h+2a+a, 20 T2= (m(d2') +m(d4') +3h-4a+2s+r) /2

(6) When n{d[ eguire [®irddnetdr2a+tcontdclf aralles) a2a+Sformad in the capacitor

md[err]’

Y[err] r-h+2a+a,
- dielectric 22 for the bond pads 24 and the bottom capacitor

plate 25. Only one bond pad and one bond pad contact hole
is shown. Contact holes are also formed in both the
capacitor dielectric 22 and the interlevel dielectric 26_for
device contacts 16, 17, and 18. These contact holes are
filled with a second conducting material, which in this

example is also doped polysilicon.

A first metal electrode pattern is formed over
capacitor dielectric 22, the filled bond pad contact holes
24, the bottom capacitor contact hole 25, and the filled
device contact holes 16, 17, and 18. The metal electrode
forms the top capacitor plate 21, the electrode 36 to one of

the filled bond pad contact holes 24, the electrode 27 to
the filled bottom capacitor contact hole 25, and the

electrodes 31, 32, and 33 to the filled device contact holes

16, 17, and 18. .

This capacitor and bond pad structure provides
_ bond pads which will not peel during subsequent processing
and a capacitor with a capacitance in excess of 0.5

fentofarads per square nancmeter.

while the invention has been particularly

shown and described with reference to the Prefcrred
Thststheremaamnentshem
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T2=(m(d[err]")+m(d[err]")+m(d[err]"') +4h-6a+s)/2 (7) Wen

‘m(d[err]')<r-h+2a+s, nm(d[err]')[err]2a+s, and 25 m(d[err]")
[err]r-h+2a+a, - 25 -

T2= (m(d[err]') +m(d[err]") +m(d[err]') +3h-6a+s) /2 (8) Wen
m(d[err]")[err]r-h+2a+s, nm(d[err]')[err]2a+s, and m(d[err]")
[err]r-h+2a+a, ' T2= (m(d[err]" ) +m(d[err]') +m(d[err]")
+m(d[err]') +4h-8a) /2 5 =13 e nounting procedure

- selection routine 11 selects a faster procedure based on the
cal cul ated nounti ng times T1 and T2. - Fig. 11 is
a diagramof a relation of the noving di stance of the head section
35, nanely, a larger noving 10 di stance of the X-axis table 33 and
Y-axis table 34 and the nounting tinme in two nounting procedures,
whi ch can be conpared in Fig. 11

embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:
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The above cal cul ations are on the assunption that

mid[err]) =m(d[err]) =m(d[err]) =m(d[err]) =m(d[err]' ) =nm(d[err]"') 15

md[err]') <r-h+2a+s md[err]")<2a+s

h=0.190, a=0.070, s=0.080, r=0.300 It is clear fromFig.
11 that the second nounting procedure is faster than the first
nounti ng procedure when 20 t he novi ng di stance of the head section 35,
i.e., larger one of the noving-dLét-ances of the X-axis table 33,
Y-axi s tabl e 34 exceeds 213.3(nm). According to
t he present enbodi nrent as descri bed her ei nabove, the head section
35 can be driven according to 25 the first procedure and according to
t he second procedure. : - 26

The nounti ng-tAneetihiodach Poouingra ¢apeaitor ateemprisipg the steps of:

providing a semiconductor substrate having devices
formed therein and a layer of interlevel dielectric formed
thereon;

planarizing said layer of interlevel dielectric;

forming a bottom capacitor plate trench region, a
bottom capacitor contact trench region, and a number of bond
pad trench regions in said layer of interlevel dielectric;

£filling said bottom capacitor plate trench region with
a first conductor material thereby forming a bottom
capacitor plate;

filling said bottom capacitor contact trench region
with a first conductor material thereby forming a bottom
capacitor contact:

£illing said bond pad trench regions with said first
conductor material thereby forming a number of bond pads:

forming a layer of capacitor dielectric over said
bottom capacitor plate, said bottom capacitor contact, said
bond pads, and said layer of interlevel diélectric:

forming a bottom capaciéor.contact hole and a number of
bond pad contact holes in said capacitor dielectric, wherein
said bottom capacitor contact hole is directly over said
bottom capacitor contact and each said bond pad contact hole
is over one of said bond pads:;

forming a number of device contact holes in said

capacitor dielectric and said interlevel dielectric;

RN A0 oater = T A 67
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mount i ng procedure selection routine 11 based on the program data 2
and the constant data 3 in the main controller 1, whereby the faster
procedure is selected. 5 Therefore, a loss in nounting time
generated if the ‘mounting procedure is a single procedure can be
reduced and the nounting tine per one board can be shortened. The
usi ng procedure can be set optionally through the operation panel 4.
10 According to the mountt A§ Tret hod and apparat us of

t he enbodi nent, as is nade clear fromthe foregoing description, the
head section 35 can be selectively driven whil e one board is treated
for nmounting, according to the first nmounting procedure whereby one
el ectroni c conponent 15 is sucked and conpletely nmounted and then
the other el ectroni c conponent is sucked and nmounted and accordi ng
to "~ the secorfilddogt said prord Rad qmﬁssyht’h%sel%ﬂ d?ﬂtéiom

components are sucked and then nounted. Og .Suitable
sel ection of tfRPIAROL FENBRGE AR, %ﬂﬁaqaégdechi °nt§ﬁﬁuﬁqﬁi§ withea
caused if the cedure _i one si ngl e procedure can be
decr eased, ?%?%h%lﬁggﬂgﬁﬁ?frﬁfterla time per one board can be reduced.
Since the reqU|r t p d | S.q
cal cul at ed before ?%% ﬁgg %lggyls S 4%5& angEuc or mat¥ridl ever! saia
Capacitor dielectric, said bond pad contact holes, and said

device contact holes: and

patterning said layer of third conductor material to

form 2 top capacitor plate and a top electrode pattern.

2. The method of claim 1 wherein said first cohductor

material is doped polysilicon.

3. The method of claim 1 wherein said first conductor

material is tungsten.

4. The method of claim 1 whefein said interlevel dielectric

is borophosphosilicate glass;

5. The method of claim 1 wherein said interlevel dielectric

is boron doped tetraethyl orthosilicate.

6. The method of claim 1 wherein said capacitor dielectric

is tetraethyl orthosilicate.

7. The method of claim 1 wherein said capacitor dielectric

is oxide nitride oxide layered structure.

- This is the replacement sheet
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25 ' the procedure of a shorter required tine is automatically

- 27 - selected, the nounting tinme for every board can be
automati cal ly short ened. Further, the operation panel 4
install ed as one means for the operator to select anong the two
nmounting 5 procedures enables optional selection of the nounting
pr ocedur es. . Although the nounting time required in
each procedure is cal cul ated befor& The nmounting in the above-

descri bed enmbodi nent, if necessary, the nmounting time may 10 be

cal cul ated even during nounting thereby to suitably change t he
nmount i ng procedure. For instance, although the nounting is started

i n accor danceB wi The tmethedimf rglaim 1 wherrinisaidctapaeitonidieledtric

mounting in the above :
has a thickness of between about 300 and 700 Angstroms.

9. The method of claim 1 wherein said top capacitor plate is

formed directly above said bottom capacitor plate.

10. The method of claim 1 wherein said second conductor

material is titanium/titanium nitride and tungsten.

11. The method of claim 1 wherein said third conductor

material is aluminum/silicon/copper.

12. A capacitor structure, comprising:

a semiconductor substrate having devices formed therein
and a planarized layer of interlevel dielectric formed
thereon;

a bottom capacitor plate trench region, a bottom
Ccapacitor contact trench region, and a number of bond pad
trench regions formed in said layer of interlevel

dielectric:;

a bottom capacitor plate formed by filling said bottom
Ccapacitor trench region with a first conductor material; |
a bottom capacitor contact formed by fiiling said

bottom capacitor contact trench with said first conductor

material:

— This is the replacement éﬁeet
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enbedi ment, in the case where the electronic conponents 15 beconme short
at the feed section in the mddle of nounting, and consequently the
suction position should be changed fromthe original one, the
nounting tinme may be cal cul at ed agai n and an opti mum nounti ng
procedure may be re-sel ected. Data at which of the other suction
positions of the 20 el ectroni c conponents of the sanme kind are arranged
are recorded in the conponent fd&d-section arrangenment program

6, and therefore where to suck the el ectronic conponents of t he sane
kind can be detected by reading the data in the event that the
supply of the electronic conponents is 25 I nt errupted.

- 28 - Al t hough the present invention has been fully
described in connection with the preferred enbodi nents thereof with

reference to the ACHAR anylmeO \ga%gsfokkehsby filing said bond pad
trench regions with said first conductor material;

a layer of capacitor dielectric formed over said bottom
capacitor plate, said bottom capacitor contact, said bond
pads, and said layer of interlevel dielectric;

a bottom capacitor contact hole and a number of bond

pad contact holes formed in said capacitor dielectric:

a number of device contact holes formed in said
capacitor dielectric and said interlevel dielectric:;

a second conductor material filling said bond pad
contact holes, said bottom capacitor contact hqle, and said

device contact holes:

a layer of third conductor material formed over said
capacitor dielectric, said bottom capacitor contact hole,
said bond pad contact holes, and said device contact holes;
and

a top capacitor plate and a top electrode pattern

formed in said layer of third conductor material.

13. The capacitor structure of claim 1l wherein said first

conductor material is doped polysilicon.

14. The capacitor structure of claim 11 wherein said first

conductor material is tuhgsten-
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to be noted that various changes and nodifications are 5 apparent to
those skilled in the art. Such changes and nodi fications are to be
understood as included within the scope of the present invention as

defined, by the appended clainms unless they depart therefrom
29 - CLAI M5 1. A nethod

for nmounting el ectronic conponents (16, 17, 18, 23, 24, 123) at
an electronic conponent feed §ét}Lon (30) onto a board (32) with
use of a head section 5 (35) havinga plurality of nozzles (12, 13)
for sucking the ' el ectroni c conponents and a recognition canmera (15)
for recogni zing a posture of the el ectronic conponent sucked by
each of the nozzles through its image, which conprises: sucki ng the

el ectronic coq&gnent at thQ feed section with
- The capacitor structure of claim 11 wherein said

interlevel dielectric is borophosphosilicate glass.

16. The capacitor structure of claim 11 wherein sajd
interlevel dielectric is boron doped tetraethyl

Oorthosilicate.

17. The capacitor structure of claim 11 wherein said

Capacitor dielectric is tetraethyl orthosilicate.

18. The capacitor structure of claim 11 wherein said
Capacitor dielectric is oxide nitride oxide layered

sStructure.

19. The capacitor structure of claim 11 wherein said
Capacitor dielectric has a thickness of between about 300

and 700- Angstroms.

20. The capacitor structure of claim 11 wherein said top

Capacitor plate is formed directly above said bottom

Capacitor plate.

21. The capacitor structure of claim 11 wherein said second
conductor material is titanium/titanium nitride and

tungsten.
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10 , use of the nozzles; inmage-recognizing the sucked posture of

the electronic conponent by the recognition canera, correcting
t he sucked posture of the el ectronic conponent; and nounting the

el ectroni c conponent on the board in a corrected posture, whereby
the head section is selectively 15 driven while one board is subjected
to nmounting according to a first nounting procedure so that one
conmponent is sucked and the suckad'%o6nponent is nounted by one of

t he nozzles and a different conponent is sucked and the sucked
conponent is nounted by the other of the nozzles and 20 according to a
second nounting procedure so that sucking by the plurality of
'nozzles is consecutively carried out and t hen nmounting by the
plurality of moZzles is conducted consecuti vel y. 2. A
mounting nethod according to claim11, wherein a 25 time required for
mountin th e troni c ..conponents '

20. g 82. Eﬁ% capacltoén%tructure of claim 11 wherein said third

c . . . g
onductor material is alumlnum/SLllcon/copper.
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accordlng to each of the first and second nDuntlng procedures is

cal cul ated before the nDuntlng and the . - - nounting procedure of a
shorter mounting time is sel ected to mount the electronic
conponents. 5 3. A mounting nmethod according to claim?2, wherein
a required nounting tine according to the first and second

nmounti ng procedures is calculated again if the el ectronic conponent
to be sucked by the nozzles becon’é@"ggﬁ%'tmﬁrﬁfpéam“ repl acenent

el ectronic conponent is to be sUPKBJHERH ENIT GAPCITANEE| on  positi on
different from that of the original el ectroni c conponent, so

that the nounting procedure is re- sel ect ed. 4. A
nmounting nethod according to claim?2 or wherein the nmounting tine
in each of the first and sech¥RTRAGCT OFﬁ%%ﬂtQ¥§F%P%H%@ures i s cal cul at ed
based on a tinme required for the head section to nopve to a nounting
position for each of the electronic conponents, a tinme required for
t he head section to nove to the suction position for each of

the electronic conponents and a time. required for 20 recogni zi ng

and correcting the suﬁ,lfed J.postq_re of ,_eac.h‘_1 t he el ectronic
conmponent s. nvention provides a structure and a method

of forming a capagitor with a high unit capacitance for use
in analog circuits and a bond pad which will eliminate bongd
Pad peeling during subsequent processing. The bottom
Capacitor plate is-formed at the same time the bona pads are
formed. The bottom capacitor plate and the bond pads are
formed using a conducting material, such as doped .
Polysilicon, which will eliminate bond pad peeling during
subsequent processing. The top capacitof plate is formegq
when the top electrode pattexn is formed. This integrated
Process provides a bond pad.which will eliminate bond pad
Peeling during subseguent pbeess Steps and a capacitor with

high unit capacitance for use in analog circuits.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)
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5. A, mounting method according to Lclaim 1-4, - wherein the
first and second nounting procedures to bé ' i sel ected are optionally
set by an operator. - 31 -

6. An apparatus for nmounting el ectronic conponents (16, 17, 18, 23;
24, 123) at an el ectronic conponent feed section (30) onto a board,
whi ch conprises: a head section (35) having a plurality of nozzles
(12, 13) for sucking the 5 el ectroni c conponents and a recognition
canera (15) for recogni zi ng a postdrA3of the el ectronic conponent
sucked by each of the nozzles through imges; and a control part (1)
whi ch controls the head section so that, after the el ectronic
conponents at the feed section are sucked by the 10 nozzl es, the sucked
postures of the el ectronic conponents are inmage-recogni zed by the
recognition canera and the sucked postures to the head section are
corrected, the :

- 31 33 27
-118 (1{6 117 20 22 21(25 22 24 36
22 N A7 //7\71 | ) /
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conponents are nmounted on the board wherein the control part is
"provided with a nounting procedure selection neans 15 (11) for
selectively driving the head section while one board is subjected to
nmounting according to a first nmounti ng procedure whereby one
conponent is sucked and the sucked conmponent is nmounted by one of

t he nozzles and a di fferent CONMPONMEAR is sucked and the sucked
conmponent is 20 nounted by the other of the nozzles and according to a
second mounti ng procedure whereby sucking by the plurality of
nozzles is consecutively carried out and then nounting by the
plurality of nozzles is conducted consecutively. 7. A .
mounting apparatus according to claim 6, 25 wherei n the nounting
procedure sel ection nmeans i s provided o

- 32 - with-a nounting tinme cal culati on neans (11) for

cal cul ati ng

20 35 23
15 ]
} AN VAN Y ‘3'3},26
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20 35 23
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a‘tinme required for mounting of the electronic conponents - accordi ng
to the first and second nounting procedures and automatically

sel ecting the nounting procedure of a shorter 5 nounting tinme based
on the calculations for the two nount i ng procedures.

8. A nounting apparatus according to claim 7, wherein the
nmounting tinme calculation nmeans is constituted to cal cul ate the
nounting tinme in each of the first and 10 second nounti ng procedures
based on a tinme required for the heéﬁléection to nove to a nounting
position on the board for each of the electronic conponents, a tine
required for the head section to nove to the suction position at the
feed section for each of the electronic conponents and a 15 time
required for recognizing and correcting the sucked posture of each
of the electronic conponents. 9. A nounting apparatus
according to any one of clains 6-8, wherein a neans (4) is

provi ded al |l owi ng an operator to optionally set the nounting
procedure to be 20 sel ected by the nounting procedure selection neans.
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