SEM CONDUCTOR DEVI CE SUBSTRATE, LEAD FRAME, SEM CONDUCTOR DEVI CE
AND METHOD OF MAKI NG THE SAME, Cl RCU T BOARD, AND ELECTRONI C
APPARATUS 5 TECHNI CAL FI ELD The present invention relates to
aSubstrate for a sem conductor device, a |lead frane, a sem conductor
devi ce and a nethod of making the same, a circuit board, and an

el ectronic apparatus. 10 DESCRI PTI ON OF BACKGROUND ART

Known is a nethod of fabricating a sem conductor devi ce by connecting
the el ectrodes of asEMICONDUCTOR'DEVICE SUBSTRATE¢ LEADSFRAMBeCted torih
external termnals by wire 15 bonding, this nethod is applied regardlps

of package for nNSEMICONDBCTGRODEVICE aANPt MEYHOD OEDMAKINGNEUHE SRMEGoOnqucror

device by use of a lead frane. The following outlines this | at er
met hod. As CERCUIT ROBRD, ANDcELECTRONICrAPRABATUSned with an 20
integrated circuit is mounted on the island of a |ead frame wi th an

adhesi ve, for exanple. Plural electrode pads on
5 TECHNICAL FIELD
The present invention relatés to a substrate for a
semiconductor device, a lead frame, a'semiconductor device
and a method of making the same, a circuit board, and an
electronic apparatus.
10
DESCRIPTION OF BACKGROUND ART
Known is a method of'fabricating a semiconductor
device by connecting the electrodes of a semiconductor chip
to the leads connected to the external terminals by wire
15 bonding, this method is applied regardless of package form.
Also known is a method of fabricating a semiconductor
device by use of a lead frame. The following outlines this
later method.
As is well known, a semiconductor chip formed with an
20 integrated circuit is mounted on the island of a lead frame
with an adhesive, for example. Plural electrode pads on
the semiconductor chip are connected to corresponding leads
with metal fine wires (or wire). Then, the semiconductor
chip and the surroundings thereof are integrally molded for
25 resin encapsulation with a resin such as a sYnthetic resin.
The leads of the outer side of resultant resin-molded

package are ultimately separated from the lead frame, and
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the sem-conductor chip are connected to correspondi ng | eads wi th netal
fine wires (or wire). Then, the semni conductor chip and the surroundi ngs
thereof are integrally nolded for 25 resin encapsulation with a resin such
as a synthetic resin. The | eads of the outer side of resultant

resi n- nol ded package are ultimately separated fromthe | ead frame, and
appropriately bent and cut, if necessary. Thus, a sem conduct or device
can be fabricat ed. To attach the netal |ine wires bonds between

t he Pl HpprSperdt OO pakls Hhd tdet 5eif cReessafy chipha®ynged on 5 the
I sland and the surface of the corresponding | eads, a metal line wiring

appar at us ksemicarsdwctidor eddeice rcdni she bfabricptedgt ammed to recogni ze t he
el ectrode pads and the correspondi ng | eads. To do so, the edge of each
| ead nust be T ttrarh adshemeixl chine meipes doends cbetweemntiver of the
10 lead in the menory of the wire bonder. I n recogni zing the

| eads of a pbmrabrellectrodevpads on theasemiconducher whip bvodntedakns use
of the external view of each lead as a reference. Therefore, a |ead
having & thediskand sand thetsusfape ¢fisthe correspondingfleadeaudes a

metal line wiring apparatus known as a wire bonder must be

programmed to recognize the electrode pads and the

corresponding leads. To do so, the edge of each lead must

be captured as an optical image to store the contour of the
10 lead in the memory of the wire bonder.

In recognizing the leads of a semiconductor device
lead frame, the wire bonder makes use of the external view
of each lead as a reference. Therefore, a lead having a
defect such as torsion, luster, or rough surface causes a

15 wide variation in the recognition accuracy of the wire
bonder.

Récently, the increasing number of pins on one
semiconductor device inevitably increases the number of
leads thereof and the miniaturization of semiconductor

20 devices accordingly decreases tﬁe width of each lead and
the interval between leads (or the lead pitch). Currently,
a typical lead width is as small as 0.07 mm and a typical
lead pitch is 0.16 mm. Consequently, as the lead width and
the lead pitch narrow, it is more difficult, when

25 connecting the plural electrode pads arranged on a

semiconductor chip to the corresponding leads with metal



15 widecvariation in the recognitigon accuracy of the wre bonder.
Recently, the increasing nunber of pins on one sem conduct or device

i nevitably increases the nunber of | eads t hereof and the

m.ni aturi zation of sem conductor 20 devices accordingly decreases the

wi dt h of each | ead and the interval between |eads (or the |lead pitch).
Currently, a typical lead wwdth is as snmall as 0.07 mmand a typical

| ead pitch is 0.16 mm Consequently, as the |ead w dth and the | ead

pi tch narroviné twiedPreodithie Ghetal itbe whre obhasé i dgnhdeted ueal the
el ectrode -pads arranged on a sem conductor chip to the correspondi ng
| eads wi th Yeddilat the center along the width of theZlead. li ne
wires, for the metal line wire to be connected to the | ead at the
center al ong the Sualt lbesing Hehe ezabe, attachindguclve méetal thine aekre to
attaching the netal line wire to the lead off-center of the width or,
det achnment tlie tlead DHfteentencofi the fwidih her ) cdettachment sofobhect i on
failure. Therefore, no matter how snall the |ead gets, the center of
5 metal line wire from the lead causes a connection failure.
Therefore, no matter how small the lead gets, the center of
each lead is must be accurately recognized. Conventionally,
however, if the lead has inadequate flatness or distortion,
the center of each lead cannot be optically recognized with
10 a high degree of precision.
It is therefore an object of the present invention to
provide a semiconductor substrate, a lead frame, a
semiconductor device, a method of fabricating the same, a
circuit board, and an electronic apparatus that facilitate

15 the optical recognition to prevent poor wire bonding.

DISCLOSURE OF INVENTION
(1) A semiconductor device substrate associated with
the present invention comprises at least a lead connected
20 to an electrode of a semiconductor element with a wire to
form a part of the semiconductor device, the lead having a
center index portion at a center along its width in a
bonding area of the wire.
This novel arrangement allows reliable optical -
25 detection of the center along the width of the lead,
thereby shortening the time for detecting the center and,

at the same time, enhancing wire bonding positioning
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each lead is-nmust be accurately recognized. Conventionally, however, if
the | ead has inadequate flatness or distortion, the center of each |ead
cannot be optically recognized with 10 a hi gh degree of precision.

It- is therefore an object of the present invention to provi de a

sem conductor substrate, a lead frame, a sem conduct or device, a nethod
of fabricating the sane, a circuit board, and an el ectroni c apparatus
that facilitate 15 the optical recognition to prevent poor w re bondi ng.

DI SCLOSURE d¢cutddsNiidh ease. Congdquéntiy] cohdundeel deyrargembntr at e
associated wth the present invention conprises at l.east a | ead
connect ed pEfeventas) pdectwirke bdndisgni conductor elenent with a wire to
forma part of the sem conductor device, the | ead having a center

i ndex portion at 2Xxecthercentery indexiphition anay be bomeliof ardentfande

W re. This novel arrangenent allows reliable optical 25
detection @ 9¥ROo¢®enter along the width of the | ead, t hereby shortening

the tine for detecting the center and, at the same tine, enhancing wire
bondi ng Sposi ti oniBRpding a wire to the dent or the grogve extends the

bonding area between the wireland the lead, thereby
providing a significantly high bonding strength. 1In
addition, the novel arrangement provides a high-contrast
shade on the lead surface, thereby enhancing the

10 reliability and accuracy of optical detection of the center
position along the width of the lead. This further
shortens the bonding position detecting time and enhances
the positioning accuracy of wire bonding.

Especially, if a groove is provided, the center

15 position along the width of the lead is continuously
indicated along the length of the lead. Therefore, a wire
bonding position may be set anywhere along the length of
the lead without adversely affecting the accuracy and
reliability of detecting the center position along the

20 width of the lead. This allows two or more wires to be
continuously and accurately bonded to one lead along the
length thereof.

(3) The center index portion may be a gro@ve. The

lead may be partially resin-encapsulated. The groove may

25 be formed at least in the resin-encapsulated portion.

This arrangement allows the resin-encapsulation to

come in contact with the lead by penetrating into the

4



accuracy with ease. Consequently, the novel arrangenent prevents poor

W re bondi ng.

(2) The center index portion may be one of a dent

and a groove. 5 Bonding a wire to the dent or the groove

ext ends the bondi ng area between the wire and the | ead, thereby
providing a significantly high bonding strength. In addi tion, the novel
arrangenent provides a high-contrast shade on the | ead surface, thereby

enhanci ng t he

gRsSré | Oth&dk &ty & hgn IF tbdnoly t htct€@slind htBe f BohALHg

center

10 reliability and accuracy of optical detection of the

shortens the bondi ng position detecting tinme and enhances t he
posi ti oni ngstareng et Voeotfween eclhonckesibn and the led&dpecially, if a groove is

provi ded,
conti nuously

the center 15 position along the width of the lead is

(4 ndicathesl ésin-enmapsntatedipoteiéoradthdhgredve epan wire

bondi ng position may be set anywhere along the | ength of t he | ead
wi t hout advee sEoxmed fintthe reégioncothey than an edgeiobi theyleaddet ecting
the center position along the 20 width of the lead. This allows two or
nmore wi Pes to belhis %mmmtyaW%c‘éhFa?@? waaredne ogseeveeds al ong

t he

gr oove.

| ength thereof.
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he center index goiéégnﬁgg£ be a
g € may

being pulled out of the resin-encapsulation.

(5) The lead may have an inner lead portion for the
resin-encapsulated portion and an outer lead portion
extending from the resin-encapsulated portion. The groove
may be formed extending from the inner lead portion to the
outer lead portion.

Forming the groove in the outer lead extends the area
in which the outer lead is soldered to a mounting board,
thereby enhancing the bonding strength between the board
and the outer lead portion.

(6) The semiconductor device substrate is one of a
lead frame, a printed board, and a metal board, for
example.

(7) The lead frame associated with the present
invention has a frame, a island located inside the frame, a
joint extending from the frame to the island to support the
island, and blural leads extending from the frame toward
the island. Each of these leads has a center index portion
indicative of the center along the width of the lead. The
present invention is related to the lead frame having the

semiconductor device substrate.



25 be forned:at |east in the resin-encapsul ated portion. Thi s
arrangenent allows the resin-encapsulation to cone in contact with the
| ead by penetrating into the 4

grooove, thereby significantly increasing the bonding strength between
the resin and the |ead. (4) In the resin-encapsul ated portion,

t he groove nmay be formed in the region other than an edge of the |ead.
5 This arrangenent allows the edge where no groove is formed to
function as a stogy hetie F&vesE Sindex | gt io®hay be bei twle poif | @enBusndf t he

resi n-encapsul ati on. (5) The lead may have an inner |ead portion
for the a gesoveencapsul ated portion and an outer |ead portion 10
extending fromthe resin-encapsul ated portion. The groove may be
formed extendi ng (9 prThdeccentrer imdex ppoxtiontmayhze the guoevel edthe
portion. Form ng the groove in the outer |ead extends the area

i n which t hteaditmay | kadpasttal Ligreesin-enaapsulatedoatbe grgovackebpg
enhanci ng the bondi ng strength between the board and the outer |ead
portion5 formed at least in the resin-encapsulated portion.

(10) The groove may be formed in regions other than
an edge of the lead, in the resin-encapsulated portion.

(11) The lead has an inner lead portion for the
resin-encapsulated portion and an outer lead portion

10 extending from the resin-encapsulated portion. The groove
may be formed extending from the inner lead portion to the
outer lead portion.

(12) A semiconductor device according to the present
invention comprises a semiconductor element having a

15 plurality of electrodes and leads, each of the lead having
an inner lead portion connected to each of the electrodes
with a wire and an outer lead portion providing an external
terminal. The inner lead portion at least has a center
index portion at its center along its width in a bonding

20 area of the wire.

The arrangement allows optical detection with
reliability of the center along the width of the lead,
thereby realizing a shortened detecting time and easily
enhancing the positioning accuracy of wire bonding. In

25 addition, because no wire-bonding failure occurs, the

product quality is enhanced.



(6) The - sem conductor device substrate is one of a | ead frame, a
printed board, and a netal board, for exanple. 20 (7) The |ead
frame associated with the present i nvention has a frame, a island

| acated inside the frame, a joint extending fromthe frane to the

I sland to support the i sl and, and plural |eads extending fromthe
frame toward the island. Each of these | eads has a center index
portion 25 indicative of the center along the width of the | ead. The

present invention i3®) renéteshter t indéeasoft dok hey iy 6H€ of a dent
sen conduct or device substrate. . 5
(8) The cendmd angeoowertion may be a one of dent and a groove.
(9) The center index portion nay be the groove. The | ead may be
partially resin-epbhpsThateeshteheindenvpobeion i$ e ngroave} eand thet he
resin-encapsul ated portion. (10) The groove nay be forned in
regi ons ot halrovérsmentioned buger oleadepdorhtionimay heerreshnencapsul at ed
portion. (11) The lead has an inner |ead portion for the

5 encapsulated.

(15) The inner lead portion may be formed with the
groove in the inner lead portion except at the edge
thereof.

(16) The groove may be formed extending from the

10 inner lead portion to the outer lead portion.

(17) A semiconductor device fabricating method
according to the present invention comprises a step of
preparing a semiconductor element and a lead having a
center index portion at its center along its width; a step

15 of positioning the lead and the semiconductor element, and
a step of bonding a wire to the lead at the center index
portion by optically recognizing the center index portion.

Such an arrangement allows optical detection with
reliability of the center position along the width of the

20 lead, thereby saving detection time and easily enhancing
the positioning accuracy in wire bonding. Consequently,
this arrangement prevents poor wire bonding.

As the number of pins of a semiconductor package
increases, the number of leads increases accordingly in a

25 range from 200 to 300. With such multiple-pin packages,

the present invention can enhance the above-mentioned



resi n-encapsul ated portion and an quter |ead portion 10 extending fromthe
r esi n-encapsul at ed portion. The groove may be fornmed extending fromthe
i nner | ead portion to the outer |ead portion. (12) A

sem conduct or device according to the present i nvention conprises a
sem conductor elenment having a 15 plurality of electrodes and | eads, each
of the | ead having an i nner lead portion connected to each of the

el ectrodes with a wire and an outer |ead portion providing an external
termnal . Tdetédnisn | #echpacy | and agdaveathe halsovecmentioned detdekipnrtion
at its center along its width in a bonding 20 area of the wre.

The arrangethm¢ il thve wipte cladbndiehgcprocesst h reliability of the
center along the width of the |ead, t hereby realizing a shortened
detecting tine anfl@®&pstheg lead magphgprovide ha pasttdbnd nheadcliramg. of wire
bonding. In 25 addition, because no wi re-bonding failure occurs, the
product quality i6l®hHEhectiead preparation step may include a progess

5 for forming one of dent and a groove for providing the
center index portion on the lead by at least one of
pressing, etching, and laser techniques.

When the pressing technique is selected, the dent or
the groove may be formed in each lead by coining. When the

10 etching technique ié selected, the dent or the groove may
be formed in each lead by half-etching. If at least the
pressing technique or the etching technique is used for
forming the dent or the groove in each lead, the etching
process or the pressing process for use in fabricating

15 conventional lead frames may be used, thereby eliminating
the necessity for installing new facilities.

(20) A circuit board associated with the present
invention is equipped with the above-mentioned
semiconductor device. -

20 (21) An electronic apparatus associated with the
present invention utilizes the above-mentioned circuit

board.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 illustrates a view of a lead frame practiced as

one preferred embodiment of the invention.



(13) The center index portion may he one of a dent and a groove.

(14) The center index portion is the groove, and the above- nenti oned

i nner | ead portion may be resin- 5 encapsul at ed. (15) The inner
| ead portion nmay be fornmed with the groove in the inner |ead portion
except at the edge t her eof . (16) The groove may be forned
extending fromthe 10 inner |ead portion to the outer |ead portion.

(17) A senmi conductor device fabricating nethod according to the
present inventi oMICONPrisesn sefp&Nded perspdttPeei vider SENaRONhOr

el ement and a | ead having a center index portion at its center along
Its wdth; eadep 15 of positioning the | ead and the sem conduct or

el enent, and a step of bonding a wire to the | ead at the center index
portion by opti cBIGy 3etogaidiagrameferndescr bbingparmebhod of Such
an arrangenent allows optical detection with reliability of the center
posi tion al Bakricatingts %@mL¢mmd@m¢¢Ea@eV1%%reby saving detection tine and
easi |y enhanci ng the positioning accuracy in wre bonding.

Consequént | y, FIGth4sl%rﬁaﬁ@%ﬂ%ﬁtl%r%%@ﬂtblﬁ FrQF%QQb%ndlng

As t he nunber I ns of a sem conduct or package i ncreases, the nunber
of | eads |ﬁBWEH§ ducker iepise i rounted ¢ n@éc%F%H+§Ob°?5 800. Wth such

mul tiple-pin paC§f8?55 is a diagram illustrating a modification of the

embodiment of the present invention.
FIG. 6 is a diagram illustrating another modification
10 of the embodiment of the present invention.
FIG. 7 is a diagram illustrating still another
modification of the embodiment of the present invention.
FIG. 8 is an expanded perspective view of an inner
lead of the modification in FIG. 7.
15 FIG. 9 is a diagram illustrating an electronic
apparatus having a circuit board equipped with a

semiconductor device associated with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

20 This invention will be described in further detail by
way of example with reference to the accompanying drawings.
FIG. 1 shows a plan view of a lead frame for use in a
semiconductor device practiced as one embodiment. This
view shows only a part of the lead frame that actually

25 extends in certain directions (the left and right in the
figure), continuously carrying the same patterns having a

long shape.



the present i-nvention can enhance t.he above-nenti oned

7 detection accuracy and save the above-nenti oned detection
time in the wire bondi ng process. (18) The | ead may provide a
part of a lead frane. (19) The | ead preparation step may include
a process 5 for formng one of dent and a groove for providing the

center index portion on the |ead by at |east one of pressi ng, etching,
and | aser techniques. When the pressing technique is selected,

t he dent or tAre Qubew ef naye bEO f suipport® tandr | rafbéys cotaibg. VWen the
10 etching technique is selected, the dent or the groove may be forned
i n each | eadesyribéd - batar hgandfist ihdhcsatedeat thereesynygopeahdi que or the
etching technique is used for form ng the dent or the groove in each

| ead, the cbetbteom, andpferthesbrrightpardsleftpobcthe Avawimg.i nA
fabricating 15 conventional |ead frames may be used, thereby elim nating

t he necessi®3r¥ping nbeke| (sproeket akele) i egot shown, for(eayrrpingrthet

board assocjated with the fresent . .
5 1lead frame itself is appropriately disposed on the outer

frame 10.

An island 12 provides a base on which a semiconductor
chip 20 (refer to FIG. 3) is securely mounted. As shown,
the island is located inside the outer frame 10 and a part

10 of it is located at the center of the lead frame 1, at
generally (generally located at the center but not
necessarily to be the center thereof).

A joint 14 extends from the outer frame 10 to the
island 12 to support the island 12. 1In this example, four

15 Jjoints are provided to support the island 12 at the four
corners thereof. However, the number of joints 14 is not
limited to four. Any number of joints in a known range may
be used.

A lead 16 is provided in plural as shown, extending

20 from 4 side of the outer frame toward the island 1. The
lead 16 is composed of an inner lead 16a and an outer lead
16b. The inner lead 16a is connected to a corresponding
electrode pad 22 of the semiconductor chip 20 when the
semiconductor chip 20 (see FIG. 3) is mounted, providing

25 electrical conductance. The inner lead 16a remains in a

resin area after the semiconductor chip 20 is encapsulated

10



I nvention is equipped wth the above-nentioned sem conduct or devi ce.
20 (21) An electronic apparatus associated with the pr esent
invention utilizes the above-nentioned circuit boar d. BRI EF
DESCRI PTI ON OF THE DRAW NGS 25 FIG 1 illustrates a view of a | ead
frame practiced as one preferred enbodi ment of the invention. _
8 FIG 2 is an expanded perspective view of an inner
| ead. FIG 3 is a diagramfor describing a nethod of _
fabricati ngwiatberesimducThe deverelead 16b prévided am exsebpabtic view
illustrating a sem conductor device nounted on a circuit board.
FIG 5 is atermima aslsbownt ingFEGh4lification of the enbodi nent of
the present invention. FIG 6 is a diagramillustrating another
nmodi fi cati on The each lead 16 is formed with a groove 18 (center
index portion) at the center of the width thereof. FIG. 2
5 shows an expanded view of the lead 16. As shown in FIG. 2,
the groove 18 has a "V" shape in cross section. The V-
shaped groove 18, formed in the thickness direction of the
lead 16, runs continuously from the inner lead 16a to the
outer lead 16b of the lead 16 maintaining the same V-shape.
10 However, the edge of the inner lead 16a is not provided
with the groove 18 as shown in FIG. 2. This arrangement
causes a mold resin 32 (refer to FIG. 4) set in the groove
18 to be caught by the edge of the inner lead 16a when the
inner lead 16a is resin-encapsulated in a later process,
15 thereby preventing the lead 16 from being pulled out of the
encapsulation. It should be noted that the groove 18 may
be formed only in the bonding area of the inner lead 16a in
which a wire bond 24 is connected to the inner lead 1l6a.
The lead 16 is about 0.15 mm thick. The V-shaped
20 groove 18 is a shallow groove of about 0.05 mm at deepest
relative to the thickness of the lead 16.
The groove 18 can be formed in a pressing process
where the lead frame 1 is formed from a metal tape.
Conventionally, following methods are available for forming
25 the lead frame 1: a method of etching a photographically

processed metal tape having a constant thickness; and a

punching method by pressing. In the fabricating method by

11



10. of the enbodi nent of the present. i nvention. FIG 7 is a
diagramillustrating still another nodi fi cati on of the enbodi nent of
the present invention. FIG 8 is an expanded perspective view of
an i nner | ead of the nodification in FIG 7. 15 FIG 9 is a
diagramillustrating an el ectronic apparatus having a circuit board
equi pped with a sem conduct or device associated with the present

i nvent i on. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 20 Thi s

i nvention whiésdindgleselié beal Tow Wwiskapeet grbovy 18 canybef féxmenl Byvath
reference to the acconpanyi ng draw ngs. FIG 1 shows a plan view of a

| ead frame technibgue rkmown asecoimimigict or device practiced as one

enbodi nent. This view shows only a part of the lead frane that actually
25 extends in cerAdiermhAtivelynstiie groeve bBhdcan ghe forméd by aflaser),
continuously carrying the sane patterns having a | ong shape.

9 process. Lead\nframerl feamebaofabppoatedibyca mehhedsofto be

5 etching a photographically processed metal tape having a
constant thickness and a punching method by pressing. Both
of the above-mentioned fabrication methods are applicable
to the present invention. |

The present embodiment is formed so that the edges of

10 the plural leads 16 enclose the four sides of the island 12
on which the semiconductor'chip 20 is mounted. It will be
apparent to those skilled in the art that the leads 16 may
be arranged on only two or three sides of the island 12,
for example.

15 According to the present embodiment, (1) however
small the width of the lead 16, the center along the width
is always indexed by the groove 18, so that optical
recognition can be performed with a high degree of
accuracy, thereby enhancing both the bonding accuracy of

20 the wire 24 and the product yield; (2) positional
recognition with a high degree of accuracy is provided
without being much affected by the distortion or variation
in surface flatness of the lead 16; (3) even if the lead 16
has a distortion or a variation in surface flatness,

25 bonding to the lead 16 is performed at the center along the
width thereof, so that the connection (or connection

strength) between the lead 16 and the wire 24 is kept in a

12



described later) and is indicated at the very top and bottom and

furthest right and left of the drawing. A carrying hole (sprocket

hol €), not shown, for carrying the 5 lead frane itself is appropriately
disposed on the outer frame 10. An island 12 provides a
base on which a sem conduct or chip 20 (refer to FIG 3) is securely
nmount ed. As shown, the island is | ocated inside the outer frame 10 and

a part 10 of it is located at the center of the lead franme 1, at

general | y (goodrstaye) ochéeebyntptéeentihgrthatwipé 24 fromcbesagily to be
the center thereof). A joint 14 extends fromthe outer frane 10
to the pushed dadfy t 0o soqper tot tentatteitR. ahnadfaserkawpre, 280in 15
joints are provided to support the island 12 at the four corners
thereof . Howelater theshunéReapsulating processpt (4) as|thetkedndbngour. Any
nunber of joints in a known range may be used. Alead 16 is
provi ded |rﬁ?ﬁﬂ#%@ya%n%ﬁ%@ﬁesextbﬂdpﬁ@dugg rebhakitity bnpcreasester frane
t oward the |sland 1. | ead 16,1 s conposed of an inner |ead 16a and
an out er® | 3ECOr 1ng%5, qw@ { Bhethe chime sfor sPEQ@RARNERIt Bhe WdFRespondi ng

el ectrode pad 22 of the sen1con uctor chip 20 when sem conduct or
chip 20 (55% ?&%f recoguhtedt %r%ﬁ?@? g 9%rﬁ$%E?F$%%9 t8nBRet ance. The

:gngacggggléf fnaiectrode padsreSIthrggmfééE uc grscﬂlgogguﬁégﬁteglp 20

on the island 12 to bond wire 24 to the surface of the lead
16 is saved, resulting in enhanced productivity. The

10 methods of fabricating the lead frame 1, namely, etching
and punching, can be employed without added cost.

FIG. 3 shows the lead frame 1 and the semiconductor
chip mounted on the same in the wire-bonded state. As
shown, the semiconductor chip 20 is adhesively attached to

15 the island 12 of the lead frame 1. This attachment may be
made with a conductive adhesive member. Connecting the
island 12 and the joint 14 to GND potential sets the
adhesion surface of the semiconductor chip to GND
potential. The electrode pad 22 of the semiconductor chip

20 20 is bonded to the inner lead 16a of the lead 16 with the
wire 24. To be more specific, the wire 24 is bonded inside
the groove 18 (not shown in FIG. 3) of the inner lead iGa.
This arrangement extends the bonding area because the
inside area of the groove 18 is greater than the flat area

25 of the lead 16, thereby increasing the bonding strength.
The increased bonding strength eliminates the need for

gold- or silver-plating of the inner lead 16a. The

13



10, ' : with resin. The outer |ead 16b provides an external
termnal as shown in FIG 4. The each lead 16 is fornmed with a
groove 18 (center i ndex portion) at the center of the width thereof.
FI.G 2 5 shows an expanded view of the lead 16. As shown in FIG 2,

the groove 18 has a "V' shape in cross section. The V- shaped groove
18, forned in the thickness direction of the | ead 16, runs
continuously fromthe inner |lead 16a to the outer lead 16b of the |ead

16 nai nt ai néNmide feieo V- SH@ pslat iflg Hereveérts t tite esllite®ion lMeetween | ead
16a i s not provided with the groove 18 as shown in FIG 2. This

arrangenentthe inmemiSbsad 16a dandstite IRold efesin of Foifs ddesbbratinge groove
18 to be caught by the edge of the inner |ead 16a when the i nner | ead
16a is resin-encamsHEIed,; onre lwime 2% cbedwonddd theradly beadehéi ngInhe

| ead 16 from being pulled out of the encapsul ation. It should be noted
that the grithecussenty embodimentys neke ogtgove 1Heiporembinueeslyf the i nner
| ead 16a in which a wire bond 24 is connected to the inner |ead 16a.
The | ead 16fommedqtong themlead cké, 9@ thahapée or more wires 24 may

be bonded in the groove 18 of each lead 16.

Then, an area enclosed by a dash double-dot line P
shown in FIG. 3 is resin-encapsulated and an area indicated
by a dash double-dot line C shown in FIG. 3 is punched out

10 to provide a semiconductor device. FIG. 4 shows the
semiconductor device thus fabricated as mounted on a
circuit board.

As shown in FIG. 4, an area of a semiconductor device
30 including the semiconductor chip 20, the inner lead 16a,

15 and the wire 24 is encapsulated with the mold resin 32.

The wire 24 is bonded in the groove 18 formed on the
inner lead l16a. Therefore, the bonding area becomes large,
resulting in a large bonding strength between the wire 24
and the inner lead l6a. In addition, the mold resin 32

20 enters the groove 18, so thatmthe contact area between the
lead 16 and the mold resin 32 increases, thereby increasing
the bonding strength therebetween. The introduction of the
resin mold 32 into the groove 18 also prevents the lead 16
from shifting in the direction intersecting the groove 18.

25 The edge of the inner lead 16a is not formed with the
groove lé as described with reference to FIG. 2.

Consequently, the mold resin 32 flowing through the groove

14



20, groove 18:is a shallow groove of, about 0.05 mm at deepest relative
to the thickness of the | ead 16. The groove 18 can be fornmed in a
pressi ng process where the lead frame 1 is fornmed froma netal tape.

Conventional ly,

foll owi ng nethods are available for formng 25 the |ead

frame 1: a nethod of etching a photographically processed netal tape
havi ng a constant thickness; and a punchi ng nmet hod by pressing. In the
fabricating nmethod by pressi ng, the shall ow V-shaped groove

18 can be fpgnes &yught by tnéhea%eeofn@me 2An€Pi 1eé8d. 16a, thereby
e

Al ternatively,

t he groove 18 can formed by a | aser process. Lead

franme 1 canpbevéabingathd bgad Ietfvomopullingtolit ngfatheot ographically

processed net al

tape having a constant thickness and a punchi ng net hod

by pressi ngen@Gspsulationf the above-nentioned fabrication nethods are

applicabl e

to the present invention. The present enbodi nent

is formed so thatAtmeurtijeg board 034 the Hoxmed withisa 1@ichogopatteenfour
sides of the island 12 on which the sem conductor chip 20 i s nounted.

It will Se 36.

Bheaeehert beadolébsef | the semimendueteradeviee| 388dés16 may

bonded to the wiring pattern 36 by a solder 38. 1In the

present embodiment, the outer lead 16b is also provided

with the groove 18, so that the solder 38 enters the groove

18.

The bonding area between the solder 38 and the outer

10 lead 16b becomes large, thereby increasing the bonding

strength.

FIGS. 5 through 8 shows variations to the present

embodiment. For example, FIG. 5 shows a modification of

the groove 18. 1In the figure, a lead 50 is provided with a

15 groove 52 having an arc cross-section. Except for the

shape of the groove 52, the lead 50 is generally the same

as the lead 16 shown in FIG. 2. This shape of groove 52 is

formed in an etching process or a pressing process of the

lead frame. In the etching process, such a shallow round

20 groove is formed by a shallow etching technique known as

half-etching. In the pressing process, such a shallow

round groove is formed by a technique known as coining.

A groove 62 of a lead 60 shown in FIG. 6 becomes

wider with depth. The groove 62 is formed by isotropic

25 etching. The groove 62 of this shape makes it harder for a

member put in the groove to pull out therefrom. For

example, a ball bond produced by melting the wire to be

15



be arranged on only two or three si.des of the island 12, for exanple.
15 According to the present enbodi nent, (1) however smal | the

wi dth of the |ead 16, the center along the width i s always i ndexed by
the groove 18, so that optical recognition can be perforned with a

hi gh degree of accuracy, thereby enhancing both the bondi ng accuracy
of 20 the wire 24 and the product yield; (2) positional recognition
with a high degree of accuracy is provided wi t hout bei ng nmuch affected

by the di stigshdéed, 08 Heldatédin, andi & Soldegeuseat fegsbonding weaH 16; (3)
even if the lead 16 has a distortion or a variation in surface
flatness, &hebanbindgobdaed| that 1vere patf dnntheaygrdobeecedt of sheng the
wi dth thereof, so that the connection (or connection strength) between
the | ead 16lead 6OGiecamnrbe2demsvédpfrom bhe groove only with

12 good state, thereby preventing the wire 24 from bei ng
pushed awaydibftowttyeo contact with an adjacent wire 24 in a later
resi n-encapsul ati ng process; (4) as the bonding accuracy increases,
the product reli dbfGit] sheveaaderlan view of another modification.

FIG. 8 shows an expanded view of this modification. 1In
these figures, a lead 70 is provided at the center along
the width thereof with dents 72. These dents 72 are spaced
at a predetermined distance (about 0.1 mm to 0.2 mm) from
10 the edge of the lead 70. This arrangement allows a wire to
be bonded to the lead 70 by thermo-compression in a wire
connecting process. Consequently, the cross section area
of the connection of the thermo-compression-bonded wire has
a diameter three times as large as the original diameter of
15 the wire. Because the dents 72 are also formed on the
center of the lead 70, the positioning for wire bonding is
facilitated and, at the same time, the bonding strength is
increased.
Like thé modification mentioned above, the dents 72
20 are formed by providing shallow round pits by half-etching
in the etching process or coining in the pressing process.
In each of the above-mentioned embodiments, the
present invention is applied to the lead frame. It will be
apparent to those skilled in the art that the present
25 invention is also applicable to other than the lead frame.
For example, the same advantages as mentioned above are

attained when the center index portion is formed in each of

16



5. accordingly; and (5) the tine for progranmng the wire bonder to
fecognhi ze the | eads 16 corresponding to the pl ural el ectrode pads on

t he sem conductor chip 20 nounted on the island 12 to bond wire 24 to
the surface of the | ead 16 is saved, resulting in enhanced
productivity. The 10 nethods of fabricating the lead frame 1, nanely,

et chi ng and punchi ng, can be enployed w thout added cost.

FIG 3 shows the lead frame 1 and the sem conduct or chi p nounted on
the same i chdelvade-bpngdeprshtéd. bdsrd or ahAwbalt Beasaui conduntisr chip 20
is adhesively attached to 15 the island 12 of the lead franme 1. This
attachnment ¢agepethe lesddeevshdbwa LnnHDGLi Veiadfesmed@ omnhar infahaeoki ng

t he island 12 and the joint 14 to G\D potential sets the adhesi on
surface of fhbmseni aanetiglosheétp to G\D potential. The el ectrode pad
22 of the sem conductor chip 20 20 is bonded to the inner |ead 16a of the
| ead 16 with t he FIG. w9 rehows Fondeehook-spzeipersonak opmpubeari $266nded

i nsi de the groove 18 (not shown in FIG 3) of the inner |ead l6a.

Thi s arrfang@9real ekeehroniacappanahysahavingcaugirenat boardsedauipped of
the groove 18 is greater than the flat area_ 25 of the |ead 16, thereby

i ncreasi ng ¥heR HBRE aboveregptjoned seRACORAREESEJAB¥AERNg strength
elimnates the need for gold- or silver-plating of the inner |ead 1l6a.
The 13

17



elimnation of the plating prevents the adhesi on between t he i nner,
lead 16a and the nold resin fromdeteriorating. In FIG 3, one
wire 24 is bonded to each lead 16. In t he present enbodi nent, the
grooove 18 is continuously 5 forned along the lead 16, so that two or nore
wres 24 may be bonded in the groove 18 of each |ead 16.

Then, an area encl osed by a dash doubl e-dot line P showmn in FIG 3 is
resi n-encapsul ated and an area indicated by a dash doubl e-dot line C
shown in FIG 3 is punched out 10 to quawgle a sem conductor device. FIG
4 shows the sem conductor device thus fabricated as nounted on a
circuit board. As shown in FIG 4, an area of a sem conduct or
devi ce 30 including the sem conductor chip 20, the inner lead 16a, 15
and the wire 24 ik. erkopamicadrducioh déeicel substrat82comprising aThe wire
24 is bonded in the groove 18 formed on the i nner | ead 16a. Therefore,
t he bondi ngleadacornented| togan electredel ofng semicondyctovnelegentrengt h
between the wire 24 and the inner |l ead 16a. In addition, the nold
resin 3% 2oithtar¥ir@ctgrfoye agparb efiap seBieendustonrdavbeewesaidhe

‘lead 16 and the nold resin 32 ingreases, thereb¥ I ncr easi ng )
lead having a center index portion at a center along its

width in a bonding area of said wire.

2. The semiconductor device substrate as claimed in
claim 1, wherein said cénter index portion is one of a dent

10 and a groove.

3. The semiconductor device substrate as claimed in
claim 2, wherein said center index portion is said groove,
said lead is partially resin-encapsulated, and said groove
is formed at least in said resin-encapsulated portion.

15 4. The semiconductor device substrate as claimed in
claim 3, wherein, in said resin-encapsulated portion, said
groove 1is formed in regions other than an edge of said
lead.

5. The semiconductor device substrate as claimed in

20 claim 3 or 4, wherein said lead has an inner lead portion
for said resin-encapsulated portion and an outer lead
portion extending from said resin-encapsulated portion,
said groove being formed extending from said inner lead
portion to said outer lead portion.

25 6. The semiconductor device substrate as claimed in

any one of claims 1 through 4, wherein said semiconductor

18 —

* C L M S *




t he bondi ng strength therebetween. .The introduction of the resin nold
32 into the groove 18 al so prevents the | ead 16 fromshifting in the
direction intersecting the groove 18. 25 The edge of the inner lead 16a is
not formed with the groove 18 as described with reference to FIG 2.
Consequently, the nold resin 32 flow ng through the groove

14 18 i s caught by the edge of the inner |ead 16a, thereby
preventing the lead 16 from pulling out of the encapsul ati on.

A mounting deride3dubsttateeisvoh8d 6fWariegdpétramep aSpsfntélebodtrd; | ead
16b of the sem conductor device 30 is bonded to the wiring pattern 36
by a sol derafi®. almetak boardpresent enbodi nent, the outer |lead 16b is al so
provi ded with the groove 18, so that the solder 38 enters the groove
18. The bondi ng afea Meleadnfrime shaving38 finasmeheanuislandOatrrangédb
becones | arge, thereby increasing the bonding strength.

FIGS. 5 thrboughde saddsfvameatfoneinb extepdangnfrom saidbfuamentowasd

example, FIG 5 shows _a nodification, of .
5 saild island to support said island, and a plurality of

leads extending from said frame toward said island, each of
said leads having a center index portion indicative of its
center along a width.

8. The lead frame as claimed in claim 7, wherein

10 said center index portion is one of a dent and a groove.

9. The lead frame as claimed in claim 8, wherein
said center index portion is said groove, said lead is
partially resin-encapsulated, and said groove is formed at
least in said resin-encapsulated portion.

15 10. The lead frame as claimed in claim 9, wherein,
in said resin-encapsulated portion, said groove is formed
in regions other than an edge of said lead.

11. The lead frame as claimed in any one of claims 8
to 10, wherein said lead has an inner lead portion for said

20 resin-encapsulated portion and an outer lead portion
extending from said resin-encapsulated portion, said groove
being formed extending from said inner lead portion to said
outer lead portion.

12. A semiconductor device comprising a

25 semiconductor element having a plurality of electrodes and
leads, each of said leads having an inner lead portion

connected to each of said electrodes with a wire and an

19
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the groove 18. In the figure, a lead 50 is provided with a 15 groove 52
havi ng an arc cross-section. Except for the shape of the groove 52,
the lead 50 is generally the sane

shape of groove 52 is formed in an etching process or a pressing

process of

t he | ead frame. In the etching process, such a shall ow

round 20 groove is fornmed by a shall ow etching techni que known as

hal f-etching. In the pressing process, such a shallow round groove is

as the lead 16 shown in FIG 2. This

formed by aottehniga@ poptioASpeovidiflg an externaf geemifab®y ehid | ead 60

shown in FIG 6 becones

.wider wwth depth. The groove 62 is forned by

i sotropi c 2bnetrchead. pdhtignobhaeifng af cehtershagexnpsesioh hardes for a
menber put in the groove to pull out therefrom For exanpl e, a bal

bond produceentgrnalonggitsewidtk in sebonding area of said wire. 15
bonded, a nold resin, and a sol der used for bonding with t he nmounti ng

board that were ph@-lnThﬂeSQMUQQ@dﬁqt@I device as|ehdisedcin ttaimnbled
fromthe groove only with difficult 5 FIG 7 shows a plan

V|em10ff%nth%¥ehﬁd$@¥€aF¢Bﬁer index portion is one of a dent and a

10

15

20

25

groove.

14. The semiconductor device as claimed in claim 13,
wherein said center index portion is said groove, and said
inner lead portion is resin-encapsulated.

15. The semiconductor device as claimed in claim 14,
wherein, in said inner lead portion, said groove is formed
in regions other than an edge.

16. The semiconductor device as claimed in claim 14
or 15, wherein said groove is formed extending from said
inner lead portion to said outer lead portion.

17. A method of making a semiconductor device
comprising:

a step of preparing a semiconductor element and a
lead having a center index portion at its center along its
width;

a step of positioning said lead and said

semiconductor element; and

a step of bonding a wire to said lead at said center
index portion by optically recogniiing said center index

portion.

20 -
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FIG 8 shows -an expanded view of this nodification. In - t hese figures,
a lead 70 is provided at the center al ong the wdth thereof with dents
72. These dents 72 are spaced at a predeterm ned distance (about 0.1
mmto 0.2 mm) from 10 the edge of the lead 70. This arrangenent allows a
wireto be bonded to the lead 70 by therno-conpression in a wre
connecting process. Consequently, the cross section area of the
connection of the therno-conpression-bonded wire has a dianeter three
times as |arge asjgherpei fleBRbadbRNRARINGM a dEmiB8nYhERorBaedY SR ke dents
72 are also forned on the center of "the |lead 70, the positioning for
wire bondi nglasmed infétalimt a¥pdwheteint shha $edd@ hikNR, phbe bendi Nead
strength is i ncreased. Li ke the nodification nentioned
above, the fleame.72 20 are formed by providing shallow round pits by

hal f - et chi ng in the etching process or coining in the pressing
process. 19! n Bhehmethodeofimakingnai semilcenludtaendeyitbeas
present invention is applied to the lead frame. It will be apparent to
those skillelaimedhénaglainal7tor pBeseheres sajdnlead prephzdngpptepabl e
to other than the | ead frane. For exanple, the sanme advantages as

nmenti oned abRGtudee a prafesfnfarwherming enatef andertpandi angreovernmed in

each of C 1 . . 16, .
providing said center index portion on said lead by at

least one of pressing, etching, and laser techniques.
20. A circuit board on which the semiconductor
10 device claimed in claim 12 is mounted.
21. An electronic apparatus having the circuit board

as claimed in claim 20.

—_——
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the | eads of ‘a printed board or a netal board. In this case, the |ead

16 shown in FIG 1 is formed on an insul ator - filmor a netal sheet.
FIG 9 shows a notebook-size personal conputer 1200 5 as an el ectronic
apparatus having a circuit board equi pped wi th the above-nentioned

sem conduct or devi ce.

ABSTRACT

The present invention provides for a semiconductor
device that facilitates optical recognition to prevent poor
5 wire bonding from occurring. The semiconductor device
associated with the present invention comprises a
semiconductor chip (20) having a plurality of electrodes
and a lead (16) comprising an inner lead portion (1l6a)
connected to each of the electrodes with a wire (24) and an
10 outer lead portion (16b) providing an external terminal.
The inner lead portion (16a) is formed with a groove (18)
providing a center index portion at a center along its

width in a bonding area of the wire (24).

22



17. : C CLAI M5 1. A
seni conduct or devi ce substrate conprising a | ead connected to an

el ectrode of a sem conductor elenent 5 with a wire to forma part of a
sem conduct or device, said | ead having a center index portion at a
center along its width in a bondi nqa?rnéa of said wre. 2.
The sem conduct or device substrate as cl din claim1l1, wherein said
center index portion is one of a dent 10 and a groove. 3. The
sem conduct or device substrate as cl ai 11 ' claim?2, wherein said
center index portion is said groove, 'EE éi, dI lead is partially

resi n-encapsul at ed, and sai d groove is formed at lea¢t in said

resi n-encapsul ated portion. 15 4. e sem gpnduct pr deyikce
substrate as clained in /'B] 14 § (Yd)

/
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claim 3, wherein, in said resin-encapsul.ated portion, said groove is
formed in regions other than an edge of said | ead. 5. The
sem conduct or device substrate as claimed in 20 claim3 or 4, wherein said
| ead has an inner |ead portion for said resin-encapsul ated portion and
an outer |ead portion extending from said resin-encapsul ated portion,
sai d groove being fornmed extending frod?;éfﬁ I nner | ead portion to
said outer lead portion. 25 6. The sem conductor device substrate
as claimed in any one of clainms 1 through 4, wherein said sem conductor
18 device substrate is one of a lead frane, a printed
boar d, and a netal board. 7. Alead frane having a frane,
an island arranged inside said frame, a joint extending from said
frame toward 5 said island to support said island, and a plurality of
| eads extending fromsaid frame toward said island, each of sai d | eads
havi ng a center index portion indicative of its

/(I
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center along a w dth. 8. The lead franme as clained in claim7,
wherein 10 said center index portion is one of a dent and a groove.

9. The lead frame as clained in claima8, wherein sai d center index
portion is said groove, said lead is partially resin-encapsul ated, and
said groove is forned at | east in said resin-encapsul ated portion. 15
10. The lead frane as clainmed in claind#,6wherein, in said
resi n-encapsul ated portion, said groove is forned in regions other
than an edge of said |ead. 11. The lead frane as clained in any
one of clains 8 to 10, wherein said | ead has an inner |ead portion for
said 20 resin-encapsul ated portion and an outer |ead portion
extending fromsaid resin-encapsul ated portion, said groove bei ng
fornmed extending fromsaid inner |lead portion to said outer |ead
portion. 12. A sem co tor device conprising a 25
sem conductor el enent having a p:’ﬁ?iléy el ectrodes and | eads, each
"of said | eads having an inner |ead portion connected to each of said
el ectrodes with a wire and an 19
29 3o

I8

| 32

6a 18




outer |ead portion providing an external termnal, said i nner |ead
portion having a center index portion at its center along its width in
a bonding area of said wre. 13. The sem conductor device as
claimed in claim12, 5 “wherein said center index portion is one of a
dent and a groove. 14. The sem conductor device as clained
in claim13, wherein said center i#dd portion is said groove, and
sai d inner |ead portion is resin-encapsulated. 10 15. The

sem conductor device as clained in claim 14, wherein, in said inner

| ead portion, said groove is forned in regions other than an edge.

16. The sem conductor device as clainmed in claim 14 or 15, wherein
said groove is fornmed extending fromsaid 15 inner lead portion to said
outer lead portion. - 17. A nethod of naking a seii conduct or
device - conprising: a step of preparing a sem conductor

el enrent and a | ead having a center index portion at its center along
its 20 wdth; .a step of WESLTSBni g said lead and said

sem conductor el enent; and a St bonding a wire to said | ead
at said center i'ndex portion by optically recognizing said center

i ndex 25 -portion. '
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2Q ’ - 18. The net hod,of maki ng a sem conduct or device as

clainmed in claim17, wherein said lead is a part of a |ead franme.

19. The method of making a sem conductor device as 5 <clained in claim17
or 18, wherein said | ead preparing step i ncludes a process for formng
one of a dent and a groove provi di ng ,said.center index portion on said
| ead by at | east one of pressing, 2 cﬁing, and | aser techni ques.

20. A circuit board on which the sem conductor 10 device clainmed in claim
12 i s nmounted. 21. An el ectronic apparatus having the circuit

boar d as claimed in claim20. _

FIG.7
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