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This inventiom.concerns a type of semiconductor device.
- particular, this invention concerns a package with the Loc (Lead
" On Chip) structure. : -

BACKGROUND OF TEE INVENTION : _
In the prier art, there is the IOC configuration with a‘'lead’

- frame set on the IC chip as a package for sealing ‘the. IC chip.
This can be explained with reference to Figures 10 and 11.

_ As shown in Figure 10, the LOC-structﬁre DRAM (dynamic RAM)
has multiple bonding pads 1 set on .a straight line at the central
portion of IC chip 10. On the two sides of the pad column are
power-sourcé lines 42, 43, known as bus bars, that form the lead
£yame for I.0OC and are made of jrom-nickel alloy, copper alloy or’
‘copper, as well as multiple signal lines (lead frame) 44, 45.

Bus bars 42, 43 are connected to power source Vss or Vee.
- ‘on the other ha.nd, signal lines 44, 45 are used for a.dd.resses AD
through Al0 as well as CAS, RAS or other sigrnals. .

Connection between each pad 1 and each line is performed by means
- of bonding wires &, 7 on one side (the left side) of the bonding-
- pad column; it is performed by'meaaé of bonding wires 8, 9 on the

other side (the right side). as shown explicitly in Figure 11,

wizes 7, 9, wl;ich connect signal linee 44, 45 to pad 1 stride

over bus bhars 42', -'43,' regpectively. ' '

Consequently, when wires 7 and 9 are not sufficiently high,
they may be in contact with bus bars 42; 43, and there is the
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denger that a shorteciremit will formed between the sigmal lines
and the bus bars. In urdex to pzevent this problem, the height
of wires 7, 9 must ba sufflciem:ly large. This, howevexr, hampers
the effort to reduce the Lhickness of the resin-mold package. .

As shown in Figure 12, on IC ¢hip 10, bonding pads BP are
set in one column on each of the left and right sides. On the -
two gides of each pad column, signal linec 321 and bus bars 3A2
are set. Connection by bonding wire W is pexformed fo: wach pad
celumn by means cf’aigna.l lines on ome side and by means of bus -
bars on the other eide. Conseguently, the wires no longer stride
the bus bars as described im the above, and the short-cirenit '
between the signal lines a:nd the bus bars can be entirely avoided
for thic lead £:ame.

Howecver, for the package 'shown in Figure 12, signal lines
3A1 can be set only on one side with respect to a pad column;
heuce, the efficiency is poor, and the layout is also limitcd.
"In addition, as the pin nuwber is inezeé.aed the 'pitch distance
amoug the signal linee bacomes smallex, and there is little |
tolerance.

An object of this invention is teo provide a type of package-
structure semiconductor device, characterized by the facl that
the short-eireuit between the signal lines and bus-bars car be
i_arevented. the thickness of the. package can be reduced, and the
signal lines can be set easily. with the connection made at a
high efilciency.

S 2 4 . I I0R

This invention p:bvides a type of semicvuductor deviec,
characterized by the following factc: .

the multiple bonding pads connected to the bondz.ng—tevnuna.l :
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partzou of the lead frame are set in a nearly columnar shape on
the c;rcu;t-fozm;ng plane of the semiconductor chip;
the aforementioned bond:ng-termznal pozrtion for the multlple
signal lines of the lead frame .and the bonding-terminal portion '
 for the multiple ppwer—sourée lines are bonded via am electrical
insulator on the aforementioned semiconductor chip in the
v1c1nlty of and along the aforementioned bondxng-pad column;

' the principal portion of the aforementioned power—source
line extends in 'a 3~dimensional crossed confzgurat:on for.
electrical insunlation from the aforementioned signal line; .

the aforementiomed principal portion of the aforementioned
power-source line and the bonding-terminal portion of the
aforementioned power-source line are formed continucusly in an
xntegrated manner :

the aforementioned various bonding-terminal portlons and the
aforementiocned bonding pads are electrically connected.

BRIEF DES PTION OF GS
Figure 1 is an enlarged partial obllque view lllustratlng
the main portion of the IC package with the 1LOC structure in an
enmbodiment of this invention. ' _ _
Figure 2 is a plan view illustrating the aforementioned main
portion. . ' '
- Figure 3 is a cross-sectlonal view cut along line III-IIT imn
Figure 2. . : ,
Figure 4 is a cross-sect;onal view cut along lige IV-IV in
- Figuxe 2.

Figure 5 is a plarn view of the main portlon in the state
before the bus bar is folded in the embodiment.illustrated in
Figures 1l=4. ' _

Figure 6 is a cross-sectiomal view cut along line VI-VI in
Figure 5.

Figqure 7 is an enlarged partial cross-sectional view
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.‘J.llustzatlng a mod:n.f:l.ed exs.mple on the base of the example shown
in Figures 1-6.
Figure 8 is a partial plan view 111nstrat;ng the main
 portion of -the IC package with the LOC structure in another
embodiment of this imvention. - -
; Figure 9 is an enlarged partial oblique v:.ew lllustrat:.ng
the main portien of the IC package with the LOC structure in yet_
another emcbidment of this invention.
Figure 10 is a plan view illustrating the ma;n pertion of-
the IC package with the LOC structure in a convent:.onal_ example.-
Figure 11 is a cross-secticnal view cut along XI-XI line in
Figure 10. '
Figure 12 is a plan view Lllusttatmg a portion of the 1ead
frame with the 1OC structure in:another conventional example.

iIn reterence fnumerals as shown in the drawxngs-

1, bonding pad

‘2, 3, 12, 22, 23, 32, 33, bus bar (power source line)

2a, 3a, 1l2a, 22a, 23a, 32a, 33a, principal wiring pcgtion'
2b, 3b, 12b, 22b, 23b, 32b, 33b, branched portion

2c, 3¢, 4a, 5a, 12c, 22c, 23c, 24a, 253, 32¢, 33c, bondlng
terminal portlon : : .
24, 34, 4b, 5b, 224, 234, 24b, 25b, 32d, 33d, 1ead po:t:.en
4, 5, 24, 25, signal line

- 4¢, step portieon

- 6, 7, 8, 9, bonding wire

10, IC chip _

11, insulating: double-side tape .

15, insulating tape or insulating paste

16, groove of signal line '

19, fixture for folding '

- 26, bump electrade

CL,, CL,, central line"
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
. In the fullowing, this iavention will he exp:l.ained in more
deta:.l with reference to embod{ments thereof.
Figures 1l=6 show a first cmbodiment of tl:ns mvent:.on,

" applied to DRAM.

The package in this embodiment has the LOC configuration
explained above. As shown in Pigure 2, multiple bonding pad"s 1
are set in a column on a atralght line. With the column of
bonding pad 1 taken as ceatral lize CL;, the conf:.gnra.t:.on shown -
in the f;.gure is symetr:.c for the right and lefi 'sides, with bus
bar 2 (for Vss) set on Lhe left side, and with bus baxr 3 (for .
Vec) set on the ‘right side. Bus bar 2 (the same for bus bar 3)
consiats of a straight-line shaped wiring portiea 2a, branched
gcr'Eion 2b . (3b) , bonding-terminal portion 2C (3C] ., and leud
portion 2d, which is connected to the end of the bonding terminal
and is lead cutside the IC package.

-Usiog insulating douhle-sided'tap'e 11, Eond.i.n‘g-termi@l
portion 2C of bus bar 2 ahd bonding terminel 4a ‘of sigmal line 4
_are bonded on the upper swrface of IC ehip 10. In this figure,
4b represents the lead portion of sigmal lime 4 to the outside of
the IC chip. The same state aleo exists for bus bar 3 and-signal
line 5 on thkhe a:Lde of bus bar 3. ror the IC package, the
contiguration is symmetric for the upper and lower sides with
reference to CL, as the center line. Brokem line 12 on the
periphery represents the resin-sealing area in case of molding.

The bonding oparation between the bus bare and signal lines
is performed as follows. 'Bending—términal -portion 2C of bus baz
2 and bonding terminal 4a of sigmal line 4 axc conmected to.
booding pad 1 via bonding wires 6, 7. Similarly, bonding-
terminal portion 8C of bus bar 3 and bonding-terminal portion Sa
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«of eignai line 5 are connected_to.bonding pad 1 by means of
bonding wizes 8, 9, respectivé;y;

_ 'Bonding wires € and 7 as well 8 and 9, are set on either the
left or right side of center line CI,. As shown in Figure. 3,
the crass-sectional view cut along line III-IIT in Figure 2, and
Figure 4, the cross~sectional view ecut along line IV-IV in Figure
2, all of the wires do not stride the wiring as bonding pad 1 is

~ connected to bonding-terminal portion 2C, 4a, Sc,'or 5a.
Consequently, there is no need to increase the height of wirzes &
7 8, and 9, and there is no danger of a short-circuit. '

In this example, attention should be given to the shape of

: the bus bar. As can he seen from Figure 2, the enlarged oblique
view of area 1 defined by the broken line shown in Pigure 1, -
branch porxtion 2b of bus bar 2 is mechanically bent by 180° from .
the upper side to the left, and the upper and lower portions are
overlapped with distance d hetween them.

The.thickness t, af bus bar 2 and signal line 4 of the lead
' freme for the LOC is 5 mil or 8 mil. When t,-is 5 mil, distance
dis 3 mil; when ti-is 8 mil, Qistance 4 becomes ‘[not given iﬁ
oxiginal]. Here, 1 mil represents 25.4 ﬁm. Consequently,
principal wiring portion 2a of bus bar 2 is arranged at the
distance d without contacting signal line 4. The thickness of
the principal wiring portion of bus bar 2a, and the sum of the
thickness t, of distance d and signal line 4, becomes 13 mil when
t, is 5 mil. ' ' ' '

In the prioxr art shown in Figure 11, the loopr apex of
bonding wires 7, 9 for the signal equipment and striding for the
" bus bar has a height of 24 mil from the circunit-forming surface
of the IC chip. On the other hand, in tbhis invention, as pointed
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5 mil, and the thickness 01:2 4%:?eggg.nsulatmg double-sided tape 11 -

':g.s- 3 mil, the height of.the apex of the bus bar from the circuits
. forming surface of the IC chip becomes 16 mil. That is, thé_
thickness of the.resin~mold package can be _significantly Teduced.

As shown in Figures 1, 3, and 4, in order to reliably
prevent the contact of bus bar 2a with s:.gnal-l:.ne lead portion
4h, the lower surface of pr:.ne:.pal viring por:t:.on of bus bar 2a
is bonded with an insulating tape or :.nsulatmg paste 15. .
Distance d, the gap between principal wiring portion-2a and IC
chip 10, the gap between hdnding—tfeminal portions 2¢c, 4a and IC
chip 10, and other gaps are filled with the sealing resinm in the
latter molding operation. The same operation as above is
perfo:med for bug bar 3 as well.:

The bending of branch pdrtion 2b of bus bar 2 is performed .
as shown in F:.gure 5. h

The lead frame formed inte a flat plate shane with a
prescribed pattern is arranged on base (20) as shown in Fignre 5
and Figure 6, the cross-sectional view.cut along VI-VI line in
FPigure 5. Then, a plate-shaped fixture (19) with its cross-~
section f:.n:.shed to semieircular profile on ome side is arranged.
with the aforementicned side in agreement with the bus bar
‘bending position, and it is used to fix lead portiomns (2d), (4b)
of bus bar (2) and signal line (4). In the figure, the portion
of the bus bar before bending is represented by a broken line.

Then, with fixture (19) atraniged to £fix bus bar (2) and
signal line (4) on base (20), branched portiocnm (2b) and principal
" wiring portien (22) are bent by 180° as indicated by the arzow so

that they come into contact with the upper surface of fixture
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(15)'. In this way, bus bar (2) assumes the shape represented by
the solid. line.

As shown in Figures 1~4, the lead frame processed by the

' aforementioned method has its bonding terminal portions (zc),

(42) bonded on the upper surface of IC chip (10) by means of
insnlating double-side tape (11). Before the bonding operation,
an insilating tape ox insuiating paste (15) is applied to bus bar.
principal wiring portien (2a). Fer bus hax (3), too, the same
molding operation is performed as above. The processing of the .
buis bar -does not require welding or other special techniqgues.' "
' Since it can be performed by using a simple fJ.xture, a low cost
is realized.

Fig_'ufe' 7 is a cross-sectional view of the enia.rg_ed portion
of the example with a smaller t, dimension in Figure 3 in the -
same way as in Figure 4. Fignre 7 ‘has a larger enlargement rate
than Figure_ 4.

In this example, suppose the plate used for the LOC lead -
€rame has a thickness of 5 mil, for the bus bar port:.on, bus bars
(2a), (2b), (2¢) used in the aforementioned example are made
thinner than the other portions by partial etching beforehand,
and, with a thickness of 3 mil, axe used as bus bar (12). For a

portion of signal line (4), pre-etching is performed to form a
groove (16), a portion of bus bar branched portion (12b) is bent '
so that principal wiring portion (12a) is located on groove (16).
Then, a portiom of the lowér side of principal wirihg portion
{12a) and the insulatin'g tapa or insula.tiné pa.ste. (15) bonded
with it are made to enter gzoove (16), and the insulating tape or
insulating paste (15) comes into contact with the bottom surface
of groove (16).
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In this way, dmens:.on t3 between the upper surface of bus
bar principal wiring portion (12a) and the lower surface of
signal line (4) becomes 9 mil, smaller than dimensioen t, in the
preceding example.

. Figuze 8 illustrates another_emhodiment as a modification of
the example shown in Figures 1-6.

In this exsmple, branched portioms (32b), (33b) of bus bars
(32), (33) are shorter than branched portion (2b) shown in Figure
2. Prlnclpal wiring port;ons (32a), (33a) are rather located
nearer the side of bonding pad (1) than located on the plane
eurving portion of signal line (4), (5). In this way, the
stability of principal wiring portiens (32a), (33a) before
séaling uging resin is highex fhan_that in the example shown in
Figure 2. Ix this figure, (Sb), (32d), and (33d) repxesent the
' lead poxtions. Other features are identical to these in Figures
1-6. , . | -
Figure 9 shows another application example with furthex
modification made on the example shown in Figures 1-6.

In this examplé, principal wiring portion (2a) of bus bar
(2) is bonded on IC chip (10) by means of an inéulating double-
‘eide tape (11), and the portion in contact with bonding terminal
portibn (4a) of lead pdrtion_(éb) of signal line (4) is bent at
two locations to arrange a step portion (4c). Lead portion (4b)-
is arranged on bus bar principal wiring portion (2a) with no
‘electrical contact with it. In order to prevent this contact, it
is preferred that an insulating tape or insulating paste be '
inserted.

In this way, the bus bar and the signal liae lead portions
(2d), (4b) are located at the same height with respect to IC chip

-
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'.{10). Consequently, when the package is sealed by resin and

* molded, no differemce is formed for the level for leading out
from the package. This is ideﬂtical to the aforementioned
ex;mples. Othexs are identical to those in the examples shuwn in’
Figures 1-6.. - !

For bus bar branched portion (2b), instead of bending for
- 180°, 'lead portion (2d) is arranged extending to the upper-right
aide from prlncipal wiring portlon {2a), and a same step- portion
as that of step portion (4c) of the signal line is placed in lead’
portion (2d). Also,  the step portion may be not formed at lead
portion (2d), instead,. adjustment is made for dimension.t, in .
Figure 4 or dimension t; in Figu:e 7 by selecting the radius of
curvature of hendlng.

In the above, this invention was explained with reference to
:especﬁive embodiments. However, other modified versions are
" also allowed as long .as the technical ideas of this inveéntion are
ohserved. | ' '

' For example, the paekage of this invention is not limited to
~the DRAM (16 mega [8icy megablt}, 64 mega, etc), it may also be
used in variocus other devices. :

in thé semiconductor device of this invention, ihe bonding
terminal portiom of the power source line and the bonding
. terminal portion of ‘the signal line are arranged along the column
. of the bonding' pad; the principal portion of the ‘aforementioned
. power source line extends with a 3~dimensional crossing
-configuration with respect to the aforementiocned signal line with
electrical insulation, and it -is connected to the bonding
terminal portion of the aforementioned power source liné;
consequently, hetwéep the aforementioned bonding terminal portien
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and the aforementioned bonding pad, there exists only the bond:ng wiring
_ used to connect them.

Consequently, even when the aforementioned bonding wire loop used for
connection is not elevated, the bonding wire is still not in contact with the
power source line principal portion, and hence no short circait takes place.
As a result, the reliability is high, and the device can be made thin.
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1 A type of semiconductor device characterized in that:

the multiple bonding pads connected to the bonding terminal portion
of the lead frame are arranged in a nearly colummar shape on the
dreuit-forming plane of the sesniconductor chip;
the aforementioned bonding terminal portion for the multiple signal
Yines of the Jead frame and the bonding terminal portion for the

* multiple power source lines are bonded via an electrical insulator on
the aforementioned semiconductor chip in the vicinity and along the
aforementioned bonding pad column; _
the principal portion of the aforementioned power source line extends
ir 2 3-dimensional cross configuration for electncal insulation from the
aforementioned signal Iine;
the aforementioned principal portion of the aforementioned power
source line and the bonding terminal portion of the aforementioned
power source line are formed continuously in an integrated way;

~ the aforementioned various bonding texmingl portions and the

aforementioned bonding pads are conuected electrically.

2. A semiconductor device as claimed in claim 1, characterised in that by
folding back the branched portion connected to the bonding terminal
portion of the aforementioned power source line, the pmmpal portion
of the aforementioned power source line can make 3-dimensional

crossing with respect to the signal line.

3. A semiconductor device as claimed in claim 1 or claim 2 characterised
- in that by folding back by about 180° the branched portion connected
to the bonding terminal portion of the aforementioned power source
line branched from the principal portion of the power source line so as
to place a step portion on the signal line, the principal portion of the
aforementioned power source Yine is made to cross beneath the

aforementioned signal line.
A O ) A
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4. A semiconductor device as claimed in claim 2 or 8, characterised in
) that from the lead portion connected. to the bonding terminal portion of
the signal line and the folding portion of the power source line, the tip
portion of the aforementioned Jead portion is extracted as the outer
lead out from the main body of the device, and the outer leads are
extracted with virtually the same level with respect to the
aforementioned device body.

5. A semiconductor device as daimed in any of claims 1 to 4,
characterised in that the power source line and the signal line are set
nearly symmetrically with respect to the column of the bonding pads.

6. A semiconductor device as daimed in any of claims 1to 4,
characterised in that, the bonding terminal portions of the power
source line and signal line and the bondin pads are connected directly

. by the bonding wires.

7. A semiconductor device as claimed in any of claims 1 to 6,
characterised in that & groove is set at the bonding terminal portion of
the signal line; a portion of the principal section of the power source
Iine js inlayed into the aforementioned groove; the portion of the
principal section of the power source line inlayed into the grooveisin
contact with the button surface of the groove via an insulating .

8. . Asemiconductor device as claimed in anyof daims 2t0 7, =
. characterised in that the branched portion of the power source line is
shortened and the principal section of the aforémentioned power
source line is positioned near the bonding pad column, =

9. A semiconductor device as claimed in any of daims 110 8,
characterised in that it is an LOC (Lead On Chip) structure IC

package.
T,
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