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-1- BGA TYRE SEM CONDUCTOR DEVI CE AND ELECTRONI C EQUI PMENT USI NG THE/ SAMVE
BACKEROUND OF THE | NVENTI ON The present invention rel ates #ogd 3ogpnguct or
devices and el ectronic equi pment or apparafuses using such sem conduct or
devices and nore particularly, to a 5 sem tonductor device which operates
at a very high speed and realizes a very high integration density and al so

to el ectronic equi pnent paa TWPE SEMICONDTCTORS DEVISETANDNuUCt or devi ces.
El ectroni c equi pment have been significantly 10 advanced and renarkabl e

progresses have been CCELECTRONIC EQUEPMENTUSINGITHEWSAMEY in inproving an
operational speed or in achieving a higher integration. \Wen high- speed
el ectronic equi pnent is available, various sorts of processings can be
reali zed easi| paAeRGROUNDD OFs THEl YNVENTEONt her, inprovenent of the
integration density enables realization of a sophisticated function. This
t endency The present invention relates to semiconductor
devices and electronic equipment or apparatuses using
such semiconductor devices and more particularly, to a
5 semiconductor device which operates at a very high speed
and realizes a very high integration density and also to
electronic equipment or apparatuses using such
semiconductor devices.
Electronic equipment have been significantly
10 advanced and remarkable progresses have been continued
in receﬁt years particularly in improving an operational
speed or in achieving a higher integration. When high-
speed electronic equipment.is available, various sorts
of processings can be realized easily'and inexpensively.
15 PFurther, improvement of the integration density enables
realization of a sophisticated function. This tendency
is remarkable, in particular, in a semiconductor device
field. In this way, the improvement in the operational
speed of electronic circuits, electronic equipment and
20 semiconductor devices as well as the higher integration
thereof are becoming the motive of ad?ances and
developments of the electronic industry.
A higher integration of semiconductor device

increases the number of circuits to be incorporated in

25 the device to thereby increase the number of pins of the



Is remarkabl-e, in particular, in a sem conductor device field. In this way,
th? i fprovenment in the operational speed of electronic circuits, electronic
equi pnent and 20 sem conduct or devices as well as the higher integration

t hereof are beconming the notive of advarted -and devel opnents of the

el ectronic industry. A higher integration of sem conductor deyice increases
t he nunber of eemcqonducbonedem@epaea%aam égrt%nm‘ﬂ:%nt%lﬂhe?@b?

i ncrease the nunberof pins of th -2- sem conduct or devjce pecessary for

connecti on wi t Re¥LARE - dePneest EﬂéuBF°BBIE?|BH§ RBOYRPH “ptBbl em i s
disclosed int

h d d
to such a techaiaﬁ ggé nggkﬁﬁpP8§°é§b8$?18Plag art §y1€%i§3 kaéz. %Lgcte
sem conductor dgypoggl GneHOTUPEREEdLLE L8esER Qaﬁgéﬂﬁlque as to

5 employ a ball grid array (BGA) package. The
semiconductor device is accommodated in the BGA package
to thereby form a BGA type semiconductor device.

Explanation will be made as to a prior art BGA
type semiconductor device with reference to drawings.

10 Fig. 9 is a top view of a BGA board 1 for use
in a BGA type semiconductor device. 1In the figure, a
BGA board 1 is a wiring board which comprises a printed
circuit board of organic material or ceramic. It is the
semiconductor element that is mounted at a semiconductor

15 device mounting area or position 5 in the center of the
BGA board 1. Bonding pads 4 are provided on the BGA
board 1 for bonding. The pads 4 and electrodes on the
semiconductor element are electrically connected by
bonding wires or the like. Extended substantially

20 radially from the respective bonding pads 4 are a
pattern of wires 3 which in turn are connected at their
one ends with associated through holes 2. The density
of-the patterned wires 3 is high in the center of the
BGA board 1. For the purpose of avoiding this, the

25 through holes 2 are arranged along the outer periphery
of the BGA board 1.

Fig. 10 shows a rear view of the BGA board 1.

In the figure, the through holes 2 are used to



to thereby forma BGA type sem conductor device. Explanation will be made
as,to'a prior art BGA type sem conductor device with reference to draw ngs.
10 Fig. 9is atop viewof a BGA board 1 for use in a BGA type
seni conductor device. In the figure, a B&board 1 is a wiring board which
conprises a printed circuit board of organic material_or ceramc. It is the
sem conduct or éhtgsaennret tbenbuantdand seaenvisvhBgclibnressofetheeB@dunting

area or position 5_.in the center of the BGA board 1. Bonding gads 4 are
provi ded on thBOBER Bear Morer p g8halhg. OthERBaHeaE 1A cPECERBIBER 0N the

' duct I I .1 cal l ; t b di | th
ke, Ext endedPORBGY ni MLFEPSo0LRER; &) FREFAAFERESHCERRR FUS bondi ng pads 4
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positional relation. More specifically, in the example
of Fig. 10, the soldering pads in 3 rows are arranged
along the four sides of the board 1 not in a single row
but in a two-dimensional arrangement having a width.

10 Fig. 11 shows a cross-—sectional view of a
major part of the BGA board 1 under such a condition
that a semiconductor element 8 is mounted on the BGA
board 1. Electrodes on the semiconductor element 8 and
the bonding pads 4 on the bonding pads 4 are connected

15 by bonding wires 9. The wiring extends from the bonding
pads 4 via the patterned'wires 3, through holes 2 and
wiring lines 6 to the soldering pads 7. Connected to
the soldering pads 7 are solder balls 10. Though not
illustrated, the BGA type semiconductor device is

20 mounted on a printed circuit board by means of the
solder balls 10 to be electrically connected to other
device.

The aforementioned BGA type semiconductor
device features that this type of device can have a more

25 1increased number of pins than another package such as
dual in-line package (DIP) or quad flat package (QFP),
under the same outer dimensions. This feature results

from the fact that the soldering pads 7 shown in Fig. 10



of ,the BGA board 1. Fig. 10 shows a rear view of the BGA board 1. In the
figure, the through holes 2 are used to -3- interconnect the front and
rear wiring lines of the BGA board 1. More in detail, on the rear side of
the BGA board 1, wiring lines 6, which ext®ntd fromthe associated through
hol es 2, are connected to soldering 5 pads 7. The pads 7 arg¢ arranged in a
t wo- di mensi onaRrgosrrasgal ial &bﬁo%.‘dWFB%BBEF-f feam yhich daeseRQkpl e of
Fig. 10, the soldering pads in 3 rows are arrangeﬁéalong t he four sjdes

the board 1 nofXiftald $heeOtBRTHBACKAIESr woFAF mERLPORSE §8P!aﬁ§§ﬁeﬂ_eﬂavﬁag
of "t he BGA boaPahiolRIcinsgR 5 BB R, FERLERAROE o8y RERNARCLOP B BREn: B i s
mounted on thetﬁgAnumber of circuits to be incorporated therein and
5 also the number of pins therefor, there can be realized
é semiconductor device which prevents its outer
dimensions from being made large in scale, which
contributes to the advances and developments of the

electronic industry.

10 SUMMARY OF THE INVENTION

However, when a semiconductor device is
further improved in its operational speed or when its
integration is further enhanced, it méy sometimes occur
that the conventional BGA type semiconductor device

15 cannot cope with it.

One of important factors upon using the semi-
conductor device is power supply noise. When the semi-
conductor device operates, it consumes power. Since
current consumption varies depending on the operation of

20 its internal circuits, power supply noise is caused by
the impedance of wires in a power supply system. Assum-
iné that power supply noise is denoted by AV, the
impedance of a power supply system is by Z, and current
consumption variation is by AI; then a relationship

25 among these 3 factors is expressed by an equation AV = 2

x AI.



board 1. El ectrodes on the sem conductor el enment 8 and the bonding pads 4
on,t he' bondi ng pads 4 are connected 15 by bonding wires 9. The wiring
extends fromthe bonding pads 4 via the patterned wires 3, through holes 2
and wiring lines 6 to the soldering pads—75 €onnected to the sol dering pads
7 are solder balls 10. Though not illustrated, the BGA type semn conduct or
device is 20 mounted on &npkhat edsei pEuthepsanicepduehps Seviae, skhger
balls 10 to be electrically connected to ot her devi ¢e. The_aforenentioned

BGA type seni conBeEaRre ofi tber PWErcSUPRAY ENFEemy A8 BRSBEVPRe3Ban have a
25 | nb f ni t han., th Kk | in-1
Package (DI Py SPouGRARERAl ShcRisES BAtRin ther SERIBRRUCERPAC R e ono.

This feature rgabbaihgly,' ABskiihg' 1aht! MheBeliTboRdubRd? 4e998UMnbE Fi O

5 an operational frequency £, then the impedance Z of the
power supply system satisfies an equation 2 = 27fL.

In the case of the pridted circuit'board
having the semiconductor device mounted thereon, since
the impedance of the power supply system is suppressed

10 to a low value by a bypass capacitor, planar power
supply/grounding wirings or other means; the impedance
of the entire power supply system is, in many cases,
based primarily on the inductance L of wires within the
semiconductor device.

15 Therefore, as expressed by AV = 27fL x AI, the
power supply noise AV is generated by the operational
frequency £, the inductance L of wires within the
semiconductor device and the current consumption
variation component AI.

20 When the power supply noise becomes excessive,
the semiconductor device erroneously operates. This is
because a power supply voltage deviates from a normal
operational range of the circuit within the semicon-
ductor device, or the power supply noise is superimposed

25 on signal wirings to cause erroneous operation of other
circuiﬁs. For this reason, if the power noise is not

suppressed to a prescribed value or less, erroneous



-4- are arranged in the 2-dinensional formwhich does not exist in the
otberjpackages. For this reason, even when a higher integration of

sem conduct or device increases the nunber of circuits to be incorporated
therein and 5 al so the nunber of pins ther&for, there can be realized a
sem conduct or devi ce_ which prevents its outer dinensions from being made
large in scal ePP@RAtHOBOAEFREE: &8 £het RRMAAQRAREECL (ACHLGR! opRLPits of the
el ectronic indystry. , 10 SUMVARY, OF EHE.INVENTICN However, when a

seni conduct or Gé§PgélpS BEet REr tRRpABYEEern its operational speed or when
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5 increase of the power supply noise in accordance with
the aforementioned equation AV = 27fL x AI and thus the
erroneous operation of the semiconductor device, which
sometimes results in that the semiconductor device
becomes impossible to use.

10 Further, when a higher integration of semi-
conductor device and an increase in the number of
circuits to be incorporated therein result in an
increase in the current consumption, this also caﬁses an
increase of the current consumption variation AI. Thus,

15 the power supply noise increases in accordance with the
above equation AV = 27fL x AI and erroneous operation
takes place in the semiconductor device, thus leading to
disabled use of the semiconductor device.

Furthermore, in thé case of, in particular, a

20 CMOS semiconductor device, improvement in the operation-
al frequency £ of the semiconductor device causes the
current consumption to increase in proportion td the
frequency. This also results in that the power consump-
tion variation AI is increased to increase the power

25 supply noise in accordance with the above equation AV =
27fL x AI, which may lead to the fact that the semi-
conductor device erroneously operates and becomes

impossible to use.



current consunption varies depending on the operation of 20 its internal
circuits, power supply noise is caused by the inpedance of wires in a power
supply system Assum ing that power supply noise is denoted by AV, the

i npedance of a power supply systemis by~=z7 and current consu?ptlon _
variation is by [err]l; then a relatjionship 25 anong these 3 factors is
expressed by an equati on Th& @bpve ¥ill he jgxplain 1:‘}11‘106@ Sedaidf J‘tnhg
sem conductor devige, the i dance of the power .sup systemis based on
an i nduct ance LC%JWQ%O%W%%ﬁﬁ%%m%e{%_ ISR gy,
assum ng that t m conduct or device has 5 an operational frequency f,
then the i npedance of the power supply system satisfies an equation Z =

2[err]fL. In the case of ffie PG I PHe Wi tbrned wires 3 and

5 wiring lines 6 shown in Figs. 9 to 11 was 0.15 mm, while
the length thereof was both 5 mm. The through holes 2
had a diameter of 0.3 mm and a length (depth) of 0.8 mm.
Further, the bonding wires 9 had a diameter of 0.04 mm
and a length of 2 mm.

10 With such a structure as mentioned above, the
wiring lines of the BGA board part, i.e., wiring lines
including the patterned wires 3, wiring lines 6 and
through holes 2 had an inductance of 5.1 nH, the bonding
wire part had an inductance of 1.7 nH, and the total of

15 the both inductances was 6.8 nH. Since the prior art
BGA type semiconductor device had 5 power supply wiring
lines and 5 grounding wiring lines, the total inductance
Lo was 2.72 nH (=(6.8 nH/5) + (6.8 nH/5)). In this way,
the wiring lines of the power supply system within the

20 prior art BGA type semiconductor device had an induct-
ance Lo of 2,72 nH.

The aforementioned prior art BGA type semi-
conductor device normally operated at the operational
frequency of 110 MHz with the current consumption varia-

25 tion AI of 0.5 A. 1In this case, the power noise AV of
the BGA type semiconductor device was 0.94 V (=27 x 110
MHz x 2.72 nH x 0.5 A) and the allowable power supply

noise thereof was 1l V or less. Accordingly, the



having the sem conductor device nounted thereon, since the inpedance of the
power supply systemis suppressed 10 to a | ow value by a bypass capacitor,
pl anar power supply/grounding wirings or other neans; the inpedance of the
entire power supply systemis, in nany cases based primarily on the

I nductance L of wires within the sem conductor devi ce.

15 .
Therefore, as a%@Femertipged prior -avt cBGAtyRe [$#MIGONqURLRR, A8 ViGH | v

noise [err]V is generated t he operatiopal,frequency f,. the inductance L
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the circuit w e sem con- ductor device, or the power supply noise is
super i nposeg 25 on si gnaph¥&EHLE, L Pn CHHSE &'PHLICPUSr ©PSERtE\se Of ot her

circuits. For this reason, if the power noise is not
semiconductor device as shown in Figs. 9 to 11, when the
operational frequency or current consumption further
increases, the power supply noise exceeds its allowable
level, thus resulting in that the semiconductor device
10 erroneously operates and becomes impossible to use.

In this way, when the operational speed of the
semiconductor device is further improved or when the
integration density is further increased, the prior art
BGA type semiconductor device cannot correspondingly

15 cope with it. |

It is therefore an object of the present
invention to provide a BGA type semiconductor device
which can solve the above problem in the prior art and
which can realize its higher-speed operation or higher

20 integratioh density, and also to provide electronic
equipment using the semiconductor device.

The above object is attained by providing a
BGA type semiconductor device which can solve the above
problem in the prior art. In accordance with an aspect

25 of the present invention, there is provided a BGA type
semiconductor device in which an array of wires for a
power supply system within the semiconductor device is

provided separately from other wires (more specifically,



suppressed to a prescribed val ue or |ess, erroneous - 6 ThigyBheet ?%
in,the sem conductor device, thus disabling use of the deV|
operatlonal frequency f of the sem conductor device is |ncr

causes an 5 increase of the power supply foise in accordance with the
af orenmenti oned equation AV = 2[err]fL x [err]l and thus the erroneous
operation of tskgRahicbrerLtee sherten wWe derdihiohdde s6ifes for t4he the
sem conduct or devi ce becones i npossible Furt her, when

a hi gher int ePHEHSWPPLENFYSERYLRE oFl %ie’b‘?’gtéerarﬁif AL5eR T NG the
T O e b Sulid RO L AR L Y fedfled g ence 11 the
consunpt i on Va{ﬁ@ﬁé@@négréklthghﬁéwer supply system, thereby coping
5 with the further improvement of the operational speed of
the semiconductor device and with an additional increase
 in the integration density thereof.
More specifically, a semiconductor device
according to the present invention is made up of a
10 substrate, a semiconductor chip disposed on the upper
surface of the substrate and a plurality of soldering
pads provided on the lower surface of the substrate,
wherein the substrate has a first group of through holes
connected to signal wirings of the semiconductor chip
15 and formed in an innér part from the periphery of the
substrate and a second group of through holes connected
to power supply wirings or grounding wirings of the
semiconductor chip and disposed in a part of the
substrate extending from the periphery of a semi-
20 conductor chip mounting area.
| With the arrangement, it becomes possible to
reduce the wiring length of the power supply system
shorter than that of the signal wirings or increase the
number of wirings of the power supply system, which in
25 turn brings about the effect of reduced inductance of
the power supply system.
Preferably, on the substrate upper surface are

provided first bonding pads to connect signal terminals
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15.thé power supply noise increases in accordance with the above equation
AV = ZIerr]fL x [err]l and erroneous operation takes place in the _
sem conductor device, thus |eading to disabled use of the sem conductor
dovice. Furthermore, in the case o, inpaklicular, a 20 GVCS sem conductor
e o0 canon” I Wt el i i S5 Siamatopbcesonmit e
Lerrli i s i nor SE00R% FAning, Fded o Aot By SHERsy T%Erﬁfiéégé;‘égeh
fact that the et brulart o (e, eSS tFe P Be YaRE BRomme
i npossibl e to gifer supply WA r3NYEL ol Ilethie nIhY Fg28dndindl" §:1985A1 kilh
5 second bonding pads being disposed between the first
bonding pads and the semiconductor chip. With the
bonding pad arrangement as above, the second group of
through holes for power supply or grounding can be |
formed without affecting wiring patterns, thereby making
10 a high density packaging possible.
Here, the "inner part from the periphery of
the substrate" refers to an area 100 shown in Fig. 1 and
the "part of the substrate extending from the periphery
of a semiconductor chip mounting area" refers to an area
15 200 shown in Fig. 1. Fig. 1 will be described in more
detail later. |
Preferably, denoting the length of the one
side of the substrate as a and the length of one sidé of
the semiconductor chip as b, the inner part from the pe-
20 riphery of the substrate is a geographical range extend-
ing from the pgriphery of the substrate to (a-b)/8 and
the part of the substrate extending from the periphery
of a semiconductor chip mounting area is a geographical
range extending from the periphery of the semiconductor
25 chip to (a-b)/8. By fqrminé the first and second groups

of through holes within these geographical ranges,

respectively, the wiring length of the power supply



copjunction with a prior art exanple shown in Figs. 9 to 11. The |inew dth
of ,theé patterned wires 3 and 5 wiring lines 6 shown in Figs. 9 to 11 was
0.15 nm while the length thereof was both 5 mm The through holes 2 had a
diameter of 0.3 nmand a | ength (depth) "of1l0-8 mm Further t he bondi ng
wires 9 had a dianeter of 0.04 mmand a | ength of Wth
such a struct ue¥sismpeani brededyced, toha EPHFAD anégeoieﬂﬁéhs@ﬁ BBear d
part, i.e., wiring lLines including the patterned wires 3 lines 6
and t hr ough hoFésnélhydr&ﬁgﬁmdﬂéﬂghcénoguﬁnlcﬁﬂ r?ﬂBCBoﬁh?nbnanEaﬁﬁ?t had
an inductance of 1.7 nH, _and the total ,of 15 t ctances was 6.8

nH Since the prior art E@A?Pyﬁérééﬁfcbﬁdﬁc?ﬁ?lﬁgvgﬁﬁtﬂ 8Vhoter supply
wiring Iines agécé(gagangygqf,w bradeht"ifvehBeoho! Bhe! DPNGLaBECLER WaS 2. 72

nH (=(6.8 nH 5 way, W 1 ng s of t power
supply system yii kBN ebhe tR@ powak thp@?As§!Eém5Q§1QQBQﬁééérlﬁeihée had an

nduet- center of the BGA type semiconductor device to make the
length of the wires of the power supply system shorter
than that of signal wires, or the number of wires for
the power supply system is increased to thereby reduce
lb its inductance.
Further, when the BGA type semiconductor
device of the present invention is applied to electronic

equipment or apparatuses, the electronic equipment or

apparatuses per se can operate at high speed.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a top view of a BGA board for use in
a BGA type semiconductor device in accordance with an
embodiment of the present invention;
Fig. 2 is a rear view the BGA board of the BGA
20 type semiconductor device in accordance with the
embodiment of the present 1nventlon-
Fig. 3 is a cross-sectional view of a major
part of the BGA board in the embodiment of the present

invention when a semiconductor element is mounted on the

25 board:



ance Lo of 2.72 nH The aforenentioned prior art BGA type sem - conductor
device normally operated at the operational frequency of 110 MHz with the
current consunption varia- 25 tion [err]l _of 0.5 A In this case, the power
noise [err]V of the BGA type seni conductot2d&vi ce was 0.94 V (=2[err] x 110

Mz x 2.72 nH x 0.5 A) and the all owabl e power_supply nois hereof was 1 V
or less. Accordingly, thBi9. 4818a30FeRehte¥n2 %rg%g bd?"i“%é@’{ yHRe 1n

Serm ConduCt of JouR o oA bandhel BF, A28 e PR R SBTAnER bR ™ on
o L dngkndes eBodinent.at, ke BECERRECiablnfHER: 1 P or 21t BCh
frequency or current congygptgoRsfyriDgl yiew the BGA board of the BGA
5 type semiconductor device in accordance with the other
embodiment of the present invention;

Fig. 6 is a cross-sectional view of a major
part of the BGA board in the other embodiment of the
present invention when a semiconductor element is

10 mounted on the board;

Fig. 7 is a diagram useful for explaining
electronic equipment having the BGA type semiconductor
device of the present invention mounted therein;

Fig. 8 is a diagram useful for explaining

15 electronic equipment having the BGA semiconductor device
mounted therein; |

Fig. 9 is a top view of a BGA board for use in
a prior art BGA type semiconductor device;

Fig. 10 is a rear view of the BGA board for

20 wuse in the prior art; and

Fig. 11 a cross-sectional view of a major part
of the BGA board in the prior art BGA type semiconductor
device when a semiconductor element is mounted on the

"board.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be explained in the

following with reference to the attached drawings.



i ncreases, the power supply noise exceeds its allowable |evel, thus

resul ting in that the sem conductor device 10 erroneously operates and
becones inpossible to use. In this way, when the operational speed of the
sem conductor device is further inproved @3 when the integration density is
further increased, the prior art BGA type_sem conductor device cannot
correspondingly 15 cope Ri®f-i L. tPt 3j 3TenhdiagErRs afobppERIabR1RG 2 pB@Rent

i nvention to provide a,BGA_type sem ¢onduyct or deﬁice mhlgﬂ cap, so|l ve the
above probl em t¥PEh&CRLLONAYLEorneYALEN 1BaACFRLFARDES ¥E i§h£F¥§ eed

operation or hi
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3 is a cross-sectional view of a major part of the BGA
board when.a semiconductor element is mounted on the BGA
board.
| In Figs. 1 to 3, the illustrated BGA type
10 semiconductor device includes a BGAlboard 1, through
holes 2, a pattern of wires 3, bonding pads 4, a
semiconductor device mounting area or position 5 in the
center of the BGA board 1, wiring lines 6, soldering
pads 7, a semiconductor element 8, solder balls 10,
15 power supply pads 11, through holes 12, soldering pads
13, a pattern of wiring lines 14, and bonding wires 15
énd 16.
As shown in Fig. 1, the BGA board 1 is
provided on its upper side with the bonding pads 4 and
20 the patterned wires 3 having a linewidth of 0;15 mm, the
patterned wires 3 being connected at their one ends to
the associated throﬁgh holes 2. These holes are used
for connection between signal wire lipes (the term
"signals" as used herein refers to all signals other
25 than a power supply and a grounding, which include, for
example, a test signal). Provided in the vicinity of
the semiconductor device mounting area or position 5 are

the power supply pads 11 which are used for connection



power supply systemw thin the sem conductor device is provided separately
fromother wires (nore specifically, signal wires) to shorten the |length
of the wires for the power supply systemor the nunber of wires for the
power supply systemis increased, to reduéd the inductance of the power
supply system thereby coping with the further inprovenent of the
oper ati onal spe&bihoEhehRO¥eF| S¥RRLYt BF ﬂé??%&l%%dw%$?$reuFQEkP?Y%ﬁaI

increase in the integra densitg t he Mor.e s cif'fally, a
R *a

' f, 5
seni conduct or SWRPLE Hﬂé%?ﬂ%n@r?oc Beﬁgégeﬁ? PR HRTQRIR F2 et
bstrate; ' duct hi p_ di d
SUbstratel a plurality okesSnolp ity Bids o <hHiFched 0 & e of 1he
substrate; andpgal dogpasiy atheNayk Mgl 1iaks 0 CliPe Ohr iphaLa N gopgs connect ed
with signal witings of thé sen1coﬂductor chip and tofned In an inner

part fromthe pshhpbeed €6 the eHPShhAlRoREH 8 8REOFHe UESL@ePind hpaasgh
hol es connected to power supply wring and grounding wirings and fornmed in

a part of the guhserateafybdndonbefl cofihbbtefctopbhéywdEingSEiheoncuEdDr
chip nounting area wherein a wiring length fromthe power supply w.rings
and groundi ng ebonhegsibn whehsslignalpwisesia Aheasgedniingtbepcentehrofigh
hol es are shorter than lengths fromthe signal termnals to the
the rear side of the BGA board 1 are the patterned
wiring lines 14 having a linewidth of 0.3 mm which are
10 connected to the through holes 12 as well as the solder-
ing pads 13 which are connected to the patterned wiring
‘lines 14 for connection with the power supply and
grounding wires. The patterned wiring lines 14 for the
power supply system have a wide linewidth to reduce its
15 inductance, and the through holes 12 and.soldering pads
13 are interconnected such that some of the through
holes and associated soldering pads are connected in a
1:1 relation by single wiring lines and some other
through holes and associated soldering pads are con-
20 nected in the same way but by means of a plurality of
wiring lines.
As shown in Fig. 3, electrodes (signal
electrodes) of the semiconductor element 8 mounted oh
the BGA board 1 are connected to the patterned wires 3
25 by the bonding wires 15 and are further connected to the
soldering pads 7 through the patterned wires 3, through

holes 2 and wiring lines 6. The soldering pads 7 are

connected with the solder balls 10 for connection with



15 sol dering pads via the first group of through holes. Wth the
arrangement, it becones possible to reduce the wiring length of the power
supply system shorter than that of the signal w rings or increase the
nunber of wirings of the power supply sySt®f~which in turn brings about

Lhe effect of Leducedphpductance ol Lie poner, sugbly BXS S0 of tnece
S gnal i res SHGRSBBBAY BoAREngLRAREORBSLREEE PORELY conp S PEPRHAd ¢ o
L ire v, CorobiaFhabiRe B SR BB cEARELER i RaRE SR ERY BegP° ©
pad arrangenenPIRRER;RaE8 RECRRIEE 408 BBRhERREMTLY KFR Pandihy kifedond! N
supply or gsoungi,ngn@afuP@her connected via the power supply pads 11,
| through holes 12 and patterned wiring lines 14 to the
soldering pads 13. The soldering pads 13 are connected
with the solder balls 10 for connection with the power
supply and grounding wires.
10 In the structure of the first embodiment, 8
sets of the power supply wires and 8 sets of the ground-
ing wires are arranged inside of the signal wires radial-
ly arranged, so that the number of such signal wires can
be avoided from being reduced and rather the need for the
15 radially-arranged wires to be used as the power supply or
grounding wires can be avoided, with the result that the
number of such-signal wires is increased.
In the first embodiment, the power supply and
grounding wires are connected from the semiconductor
20 elemeht 8 to the power Supply pads 11 arranged in close
proximity to the semiconductor element 8 by means of the
bonding wires 16, and are further connected from the
power supply pads 1l via the through holes 12 and the
patterned wiring linesll4 having a linewidth of 0.3 mm
25 and a length of about 2 mm to the soldering pads 13 for
power supply and grounding. Since these wiring paths
are short, they have a small inductance. In the present

- embodiment, the inductance of the wiring path was 1.5



formed w thout affecting wiring patterns, thereby making 10 a high density

paekag]ng possible. Here, the "inner part fromthe periphery of the

- substrate” refers to an area 100 shown in Fig. 1 and the "part of the

substrate extending fromthe periphery of k§s§n1gpndugtorlfhhp ggggﬁ:ggd -
" refers to_an area 15 200 shown in Fig. 1. Fig. 1 w e

%?2 olete ail | af&- Fhe bondipg wre iy th-qhehgﬁhaoﬂltamet@meo@ 8e 04f the

substrate as a_and _the e side_of the sem conductaor chip as b,

the inner part ™t 60 ﬁel%g‘g}téh’ogg g'ﬂgr Vst hage ag dedugtance Qlfg/égér éghlt ﬁal
part of 1 he sub erereey S IR Ae. e A B fy éﬁheéﬁae?%fef‘ﬁiep
e conduct or SETASReHStRE ElerieHlh BH BHY A1 R R TR0 RaBSL a0 M o Podhe  of
through hol &s wit Hin" tO1A3€ 099 MINAHg WARRES' thEoRGh! hvsek ahBe Wi tlknd
| ength of the power supply

for the power supply are provided in 8 sets, and the

bonding wires, through holes and wires for the grounding

are provided also in 8 sets. Thus, the overall

inductance Lo is theoretically 0.73 nH (=(2.9 nH/8) +

10 (2.9 nH/8)), but it became actually 0.60 nH because of

the effec; of use of the piurality of wires.

The first embodiment having such an arrange-
ment as mentioned above was capable of operating at the
operational'frequency of 500 MHz with the current con-

15 sumption variation AI of 0.5 A. That is, the power
supply noise AV became 0.94 V (=27 x 500 MHz x 0.60 nH x
0.5 A) that was less than the allowable power noise of
1v.
| The first embodiment was also capable of

20 operating at the operational frequency of 110 MHz with
the current consumption variation AI of 2.3 A. That is,
the power noise AV became 0.95 V (=27 x 110 MHz x 0.60
nE x 2.3 A) that was less than the allowable power noise
of 1 V. |

25 Although the allowable power noise was set to
be 1 V or less, the operational frequency was to be 110
MHz and 500 MHz, and the current consumption variation

was to be 0.5 A and 2.3 A, respectively, in the present



system can be reduced to a fourth of the length of the signal wrings,
which'in turn can reduce the inductance. To sunmarize, in a sem conductor
devi ce according to the present invention, the array of the 5 wires for the
power supply systemis arranged in the eedfer of the BGA type sem conduct or
device to make the length of the wires of the power supply system shorter
than that of seghaflimenbts, tbe phesantbinventiwneisfoptthimpredrtauppey
systemis increased to thereby reduce 10 its inductance. Further, when the
BGA type seni cBREG&ESF BEIMPEESF the present invention is applied to

el ectroni c equi pnent or ratuses, the electronjc, equi prent or
appar at uses per se can oﬁﬁggtésatsﬁpﬁﬁ gBﬁeBFei%n F&%ﬁe |$AF FRER THE

DRAWNGS Fi g. }tgsiﬁdhgQaﬁbgmﬁﬁglieﬁcﬁhgﬁaEﬂaEOEf”@ﬁeiBrior art BGA

5 type semiconductor device, even when operated at high
speeds at various set vélues, the present invention can
secure its normal operation.

In other words; the allowable ranges for the
respective conditions when the invention operates at
10 high speed can be loosen and therefore the design
including the BGA type semiconductor device can be
facilitated.
20 to 30% of the power supply value are
usually set as the allowable power supply noise, and 1 A
15 or less of the current is, in many case, set as the
current consumption variation (which is generally
regarded as equivalent to the current consumption value
of a LSI). Even when the the device according to the
first embodiment is set under such conditions, it can
20 normally operate at higher speed than the prior art.
The same holds true for a second embodiment
which follows.
Figs. 4 to 6 are diagrams for explaining a BGA
type semiconductor device in accordance with the second
25 embodiment of the present invention, wherein Fig. 4 is a
top view of a BGA board used in the BGA type semi-
conductor. device, Fig. 5 is a rear view of the BGA

board, and Fig. 6 is a cross-sectional view of a major



a BGA type sem conductor device in accordance with an enbodi nent of the
present invention; Fig. 2 is a rear view the BGA board of the BGA 20 type
seni conduct or device in accordance with the enbodi nent of the present
invention; Fig. 3 is a cross-sectional vid# of a najor part of the BGA
board in the enbodi mrent of the present invention when a sem conductor

el enent i s moupasd of the BGAbbepgd when apsemicgnductQreigBentedfof a BGA

board for use in a BGA tyge sem condugt or _devi, ce ig ccor dance w%éh gnother
enbodi nent of PAENEEEAsERt theyBAA BRardr g I8 Fig8.r &,5F0\PevFPREEBERERbard of

e B LY e BERER A HS! B, b EEnt L 15 OLdRTGE1 U L AGCSEE" o
those in the first embodiment of Figs. 1 to 3 are
5 denoted by the same reference numerals, and explanation
thereof is omitted to eliminate its duplication.

The BGA type semiconductor device illustrated
in Figs. 4 to 6 includes semiconductor element elec-
trodes 17, through holes 18, soldering pads 19, a

10 pattern of planar wiring lines or sheet pattern 20, and
an internal pattern 21.

As shown in Fig. 4, the BGA board 1 is
provided on its top side with the bonding pads 4 and the
patterned wires 3 having a linewidth of 0.15 mm, the

15 patterned wires 3 being connected to the through holes 2
for connection with signal wires.

The semiconductor element 8 is mounted on the
semiconductor element electrodes 17 provided in the
center of the BGA board 1, the semiconductor element

20 electrodes 17 in turn being connected with grounding
electrodes formed on the rear side of the semiconductor
element 8. The semiconductor element electrodes 17 are
connected to the through holes 18 for connection with
grounding wires.

25 Provided in the vicinity of the semiconductor
element electrodes 17 are the power supply pads 11 which
are connected to the through holes 12 for connection

with power supply wires.



Fig. 6 is a cross-sectional view of a major part of the BGA board in the
other' enbodi ment of the present invention when a seniconductor elenent is
10 nounted on the board; Fig. 7 is a dia gran1usefu| for explaining

el ectroni ¢ equi pment having the BGA type 5%ntconductor device of the
present invention nounted therein, Fig. 8 is a dia an1usefu| for .

expl ai ni ng 15 el ectroni e“‘%cﬁ}’}%ritn HEE N 1t 1R 1809 e Sh@uEedT Gddiece

B type sem (OhdRE Fomended BiarS 1% o Tt i fﬁﬁwﬁw&' 388 o0ard o1
20 h 11 t
of Uhe Boa boARTIPTHR 51 e o r%tsiwpﬁesie%“é'@ﬁ &4 e e, P
serm Conductor g £TRile 15 YU Sk &cdAReUH ko HnPRITT PR 6HFox

PREFERRED ENMB
5 connection with signal wires.

Provided in the center of the rear side of the
BGA board 1 is the planar pattern of the wiring lines or
sheet pattern 20 which are connected to the associated
through holes 18. Formed on the planar patterned wiring
10 1lines or sheet pattern 20 with use of a solder resist
mask are the soldering pads 19 which‘are used for con-
nection with grounding wires.
' Also arranged at positions close to the outer
periphery of the planar or sheet pattern 20 and closer
15 to the center of the BGA board 1 are the patterned
wiring lines 14 having a linewidth of 0.3 mm which are
connected to the through holes 12 as well as the
soldering pads 13 which are connected to the patterned
wiring iines 14 for connection with power supply wires.
20 The linewidth of the patterned wiring lines 14 for
connection with the power supply wires was made wide to
reduce the impedance. Further, the through holes 12 and
the soldering pads 13 are connected together such that
some of the through holes and associated soldering pads
25 are interconnected in 1:1 relation by single wiring
lines and some other through holes are interconnected in

a l:1 relation by a plurality of wiring lines.



The present invention will be explained in the following with reference to
the attached drawi ngs. - 13 - Figs. 1 to 3 are diagrans for explaining a
BGA type sem conductor device in accordance with a first enbodi nent of the
present invention, wherein Fig. 1 is a topdvrew of a BGA board in the BGA
type sem conductor 5 device, Fig. 2 is a rear view of the BGA board, and
Fig. 3 is a cross-secti dmlshaww igf Bigwmjfor ed@atrsdeshd sBaradoard when a
sem conductor elenment is nounted on the BGA board. In Figs. 1 to 3, the

i [ lustrated BElegirodes kol cdiriremicerdueton mierant £ BouHed om,
ovi co mount s PR K RO § 195 SIRATREC A AT A TREd BORF B i 11 ng
lines 6, SO|CKg§r¥ke bonding wires 15 and further connected to the
5 soldering pads 7 through the patterned wires 3, through
holes 2 and wiring lines 6. The soldering pads 7 are
connected with the solder balls 10 for connection with
signal wires.
In the center of the BGA board 1, the ground-
10 ing electrodes of the rear side of the semiconductor
element 8 are connected to the semiconductor element
electrodes 17 and further connected to the soldering
pads 19 via the semiconductor element electrodes 17,
through holes 18 and planar patterned wiring lines or
15 sheet pattern 20. The soldering pads 19 are connected
with the solder balls 10 for connection with the
grounding wires.
Arranged at positions closer to the center of
the BGA board 1 are electrodes (power supply electrodes)
20 of the semiconductor element 8 and the power supply pads
11 which are connected together by the associated
bonding wires 16, and further connected to the soldering
pads 13 through the power supply pads 11, through holes
12 and patterned ﬁiring lines 14. The soldering pads 13
25 are connected with the solder balls 10 for connection
with the power supply wires.
In the second embodiment, for the purpose of

controlling the characteristic impedance of the signal



pads 7, a sem conductor elenment 8, solder balls 10, 15 power supply pads
11, through hol es 12, sol dering pads 13, a pattern of wiring lines 14, and
bonding wires 15 and 16. As shown in Fig. 1, the BGA board 1 is provided on
its upper side with the bonding pads 4 an2l 29 t he patterned wires 3 having
a linewdth of 0.15 nm the patterned wires 3 being connected at their one
ends to the amatmtm@@@m%w&s%a%es@md@?m@ pakt et Torkfect i on
bet ween signal wire_lines (the term' S|gnals as_used herein refers to al
si gnal s ot her QWYWaWb%‘B\H &he BSA PR EL g} oumR It P ERR A IBRYRRI for

dovi ce mount | ek sen B BOS: 11 ERe Erares t iAmRer <Ot Rt i ch ar e
used for Connqgféﬁﬂhlng tﬁrough holes 18 and also isolated from the
5 other through holes 2 and 12. _

In the structure of the second embodiment, the
ground connection of the semiconductor element 8 is
carried out by connecting the grounding electrodes to
the soldering pads 19 through the 16 through holes 18

10 without using any line-shaped wirings. Further, the
power supply wires are provided in the form of 16 sets
of the bonding wires, through holes and wiring lines,
which are all located inside the signal wires radially
arranged. Theréfore, the number of such signal wires

15 can be prevented from being reduced and rather the need
for the power supply or grounding wires to be radially
arranged can be avoided, which results in that the
number of the signal wires is increased.

In the second embodiment, the major contribu-

20 tion to the inductance of the grounding wires is only
the through holes 18. Accordingly, an inductance per
through hole is as small as 0.25 nH when the through
holes 18 have a diameter of 0.3 mm and a length (depth)
of 0.8 mm. |

25 The power supply wires are connected by the
bdnding wires 16 from the semiconductor element 8 to the
power supply pads 11 located very close to the semi-

conductor element 8, and further connected from the



w th the power supply or grounding wires. The power supply pads 11 are
connected to the through holes 12. As shown in Fig. 2, on the rear side of
the BGA board 1, the wiring lines 6 are arranged to be 5 connected to the
through holes 2 and the sol dering pads T-aZE-arranged to be connected to
the wiring lines 6 for connection with signal wires. Arranged in the center
of the rear si (ROWST (SHPIBAA Pasty d 1 to ¢hehsqlaardne padisr iL3g thinesghl 4
having a |inewidth of 0.3 nmmwhich are 10 connected to the through holes 12

as well as the r°q9¥b11%9cfss B2 AR I@ré’a&&rﬁfé@ded’ltrdﬂ%élg@tst
The'paternea 4 i e 5 O BB S MR SN g
!slolng\emr?tng_ :’)gd;%gl erc%ﬂ#gécfuew swulc r]:t hrou %’ ougﬂ hoI es
\?\An?i ﬁ;sfichgtsﬁgrfgﬁsﬁed%%h%hﬁaﬁ'glﬁ%gtsﬁgcn asgésf:(]%]l]dat e(?%tdﬁﬁ%nlri?/ngl pads are
con- nE. The bonding wires 16 had a diameter of 0.04 mm, a
length of 1.7 mm, and an inductance of 1.4 nH. Accord-
ingly, the inductance per one wiring line extended from
the top of the semiconductor element 8 to the soldering
10 pads 13 is 2.9 nH in total.
| 16 sets of the power supply wires and 16 sets
of the grounding wires are provided. Thus, the overall
inductance Lo is theoretically 0.20 nH (=(2.9 nE/16) +
(0.25 nH/16)), but was.actually 0.19 nH because of the
15 effect of use of the plurality of power supply lines.

The second embodiment having such an arrange-
ment as mentioned above was capable of operating at the
operational frequency of 1600 MHz with the current
consumption variation AI of 0.5 A. The power noise AV

20 was 0.96 V (=27 x 1600 MHz x 0.19 nH x 0.5 A) and the
allowable power noise was 1 V or less.

The second embodiment was capable of operating
at the operational frequency of 110 MHz with the current
consumption variation AI of 7.3 A. That is, the power

25 noise AV was 0.96 V (=27 x 110 MHz x 0.19 nH x 7.3 A)
that was less than the allowable power noise of 1 V.
Figs. 1 and 2 and Figs. 4 and 5 are the BGA

boards 1 which form a third embodiment of the present



2Q nected in the sanme way but by nmeans of a plurality of wiring lines. As
shown’in Fig. 3, electrodes (signal electrodes) of the sem conductor

el ement 8 nounted on the BGA board 1 are connected to the patterned wires 3
25 by the bonding wires 15 and are furtheg3connected to the sol dering pads
7 through the patterned wires 3, through holes 2 and wiring |lines 6. The
sol deri ng padsinventiennardtediohtear hee sepmeergial bzad byritsmbection with
- 15 - the signal wires._Further arranged _in the center of the B board 1

are el ectrodes (power supplihesd BFd ﬁ% %1e%§r§ﬁﬁﬁﬁé¥ﬁe¥9ﬁ? conduct or
Wres's 16 arfPPUE(nERe BRRGSE bASPATEnEORoREr BURByE BRAY 2 through -
L L p&*é&ﬁ&fgg$ﬂaﬁgghlgpgsagéaﬁae&hfn the center of the BGA
5 board, have a wiring inductance of about 0.60 nH with
respect to the structure of Figs. 1 and 2 and of aboﬁt
0.19 nH with respect to the structure of Figs. 4 and 5.
In the case of the structure of Figs. 1 and 2,
the third embodiment can operate at the_operational
10 frequency of 500 MHz with the current consumption
variation AI of 0.5 A or at the 6perational frequency of
.110 MHz with the current consumption variation AI of 2.3
A. In the case of the structure of Figs. 4 and 5, on
the other hand, the third embodiment cah operate at the
15 operational frequency of 1600 MHz with the current con-
sumption variation AI of 0.5 A or at the operational
frequency of 110 MHz with the current consumption
"variation AI of 7.3 A.
Fig. 7 shows electronic equipment in accord-
20 ance with a fourth embodiment of the present invention.
In Fig. 7, a plurality of BGA semiconductor
devices 51 in accordance with the first embodiment or a
plurality of BGA semiconductor devices 51 in accordance
with the second embodiment are mounted on a printed
25 circuit board 52, the printed circuit board 52 in turn
being connected to a back board 55 Ehrough connectors 53
and 54, the back board 55 in turn being supplied with

power from a power supply device 57 through a power



soLderlng pads 13. The sol dering pads 13 are connected with the sol der
bal.s 10 for connection wth the power supply and grounding wires. 10

In the structure of the first embodinent, 8 sets of the power supply wres
and 8 sets of the ground- ing wires are-arzbﬂged i nside of the signal wres
radial - |y arranged, so that the nunber of such signal wires can be avoi ded
from bei ng r ed B8P 1an ¢abdeh §6 .+ hdmdde Arawimg ,18 Icagiiag,y ssritahesd W res
to be used as the power, supply or grounding wires can be avoided, with the

resul t that thé’%&ﬁ&erllé\e%dm% &o \fatrh% PRItsor €4Sedaren omis tedn st

connected fromthe
Sem conduct or 20" ol enent 18 %e%ﬁ PrBae R 4o LngentRen B kHpe) ose
ty to t neans ,of. the honding wres
e are furs he%%gﬁﬁdﬁe@%&% %&fﬁ%&ﬁﬁ??&d&fﬁf%ﬁ&gﬁé&t rough |
holes 12 andg ‘ﬁﬁﬁ&f I [
and a Iength of about g%i%%%)é rlngQ%gﬁggf%t (2 i

ductor equipment can operate at high speed with a high
integration.
Fig. 8 shows electronic equipment and more
specifically, an electronic computer in accordance with
10. a fifth embodiment of the present invention.
The computer illustrated in Fig. 8 includes a
computer body 60, a display unit 68 and a keyboard 69.
Incorporated in the computer body 60 are a hard disk
drive 62, a floﬁpy disk drive 63, a power supply 64 and
15 a printed circuit board 61. Mounted on the printed
circuit board 61 are central processing unit (CPU) 65
comprising the BGA type semiconducfor device, another
semiconductor device 66 and a memory 67.
In the embodiment of Fig. 8, the CPU 65, which
20 comprises the BGA type semiconductor device, can operate
at a frequency of 600 MHz and thus, the entire computer
can perform high-speed operation.
It goes without saying that, with the same
arrangement, a high integration of BGA semiconductor
25 device can be used in the CPU 65 to improve the
processing ability of the computer.
The electronic equipment of these fourth and

fifth embodiments, when the BGA semiconductor device is



power supply and grounding. Since these wiring paths are short, they have a
smal | ‘i nductance. In the present enbodi nent, the inductance of the wring
path was 1.5 - 16 - nH The bonding wire 16, which has a di aneter of
0.04 nmand a length of 1.7 nm had an rné8ctance of 1.4 nH. Therefore, the
i nduct ance of the _path extending fromthe sem conductor elenent 8 to the
sol deri ng padsusgdwkBereing @aniaresahe. athbighnepegd Witk high ofgRcCriol es
and wires for the power supply.,are,provided in_8 sets, apd.the bondigg
wires, throughthenesthng GPpEEL BFlgﬁetarBBﬁdﬁﬂﬁa%?%sp?B i develPrEentS g
sets. Thus, the overal& I nductance.Lo,is theoretically 0.73 nH (=(2.9 nH 8)
+ 10 (2.9 nH8F) the eLlpPtReRife188REEFYY 0. 60 nH because of the effect of

use of the plurality of wresy 0% LhEShowlPOSLEEIY 08VEPGuRdfl AP AL ange-
5 are arranged to concentrate in the vicinity of the
center of the BGA board in the embodiment, the present
invention is not réstricted to the specific example and
such arrangement may be partially carried out for a
particular design requirement without defeating the
10 effect of the present invention.

Further, the arrangement of the first embodi~-
ment and the arrangement of the second embodiment may be
mixedly employed. |

Although the grounding electrodes have been

15 provided on the rear side of the semiconductor element
from the viewpoint of its design in the second embodi-
ment, the power supply electrodes may be provided on the
rear side of the semiconductor element, while exhibiting
the effect of the present invention substantially

20 equivalent to the former case.

The grounding internal layer has been provided
within the BGA board in the second embodiment. However,
the internal layer may be for power supply, may be one
layer of a multi-layer, or may include the signal wires,

25 without involving deteriofation of the effect of the
present invention.

Though_the interconnection between the semi-

conductor element and BGA board is effected by means



nment as mentioned above was capable of operating at the operational
frequency of 500 MHz with the current con- 15 sunption variation [err]l of
0.5 A, That is, the power supply noise AV becane 0.94 V (=2[err] x 500 Mz
x 0.60 nH x 0.5 A) that was | ess than te 28 [Fowabl e power noi se of 1|V. The
first enbodi ment was al sq capahl e of 20 operating at the operationa
frequency of 198 FR® RPPRipgevdgescin EhRsERPOAIMEDLri ati BAY[BEr]1 of 2.3

. is, th ise AV b 0.95 V (=2 110 Mz x_0.60 nH x
23 A thal wiGRFELes RUY BHoRPEORALREPBNLR - Ror SYOR £aRe BhComated

operat Lonal 11 BIOEARY AGHT, 5EnhigRrotth b8y A8k b, efRR Y e
consunption vaghghige Water2o2ating £nd"detedt oe’ ERRCPEEYERY, 11 the

pr esent
5 invention.

Further, although the semiconductor element
and soldering pads have been arranged on a plane
- different from the plane of the BGA board in the
embodiment, they may be arranged on the same plane
10 without impairing the effect of the present invention.
In the latter case, the through hoies used in the
embodiment may not be used.

Even when the positional arrangement of the
soldering pads and bonding pads is changed for reasons

15 other than the technical reasons of the present inven-
tion, the present invention is still effective.

The present invention is, of course, appli-
cable not only to BGA type semiconductor devices but
also to PGA type semiconductor devices.

20 - As has been explained in the foregoing, in
accordance with the present invention, there is provided
a BGA type semiconductor device which can further
improve its operational speed and integration density.
For example, the operational frequency can be increased

25 to 500MHz~1600MHz that corresponds to 4.5-14.5 times the
operational frequency of 110 MHz in the prior art.
Further, the current consumption variation can be

increased to 2.3aA-7.3A which corresponds to 4.6-14.6



- 17 - enbodinent; the present inventionis not limted to the specific
exanples. That is, since the present invention can nmake its inductance
sial | er than that of the prior art BGA 5 type sem conductor device, even
when operated at high speeds at various “Val ues, the present invention
can secure its normal operation. In other words, .the all% bl.e ,ranges for

‘the respectivéidafdithefUTRRNF GRISYRRSAQO YagFatdoRs of; Bi ¢R $H&ed can

be | oosen and t herefore the si gn .i ncl ydi n he .BGA .t.ype,seni conduct or

devi ce can be HQY ié}rgt'e(fndzgﬁieo ogtfl’altt’ﬁ’é‘géﬁw ?u&d‘%{%c\;j'wue are usually .
t th |1 ' Al | h t

Ce T hany cATPRRG A e SR et Motfeuill ch 18 ) S hullioeln Becur T e

general |y regaisdet: s SAUNA Ve S OIMIRIY SRRRYREPBeval Ue of a

I :
LSI).. Even when the the device according to the
5 increased to 4.6-14.6 times that of the prior art. As a

result, an electronic circuit or equipment using the
semiconductor devices of the present invention can
operate at high speed and can be made sophisticated in
function, thus contributing to the advances and

10 developments of the electronic industry.

The above advantégeous effects result from
the fact that the power supply or grounding wires are
shortened to reduce its inductance. A total length of
the power supply wires on the BGA board was 10 mm that

15 is equal to the length of the shortest signal wires in
the prior art, whereas, in the second and third
embodiment of the present invention, the lengths of the
power supply and signal wires were 2 mm and 1.7 mm,
respectively, that are 1/5 or less the shortest signal

20 wire length and thus the inductance was reduced from 6.8
nH to 0.60 mH or 0.19 nH that is 1/10 or less thereof.
In this way, the essence of the present invention is to
arrange the power supply or grounding wires to
concentrate in the central part of the BGA.board to

25 thereby shorten the wiring line length.



rst enbodi ment is set under such conditions, it can 20 noﬂfhalshqetm@e@t@phced

fi
at -hi gher speed“lm l" tﬂle UIH The sane hoI ds true for
enbodi ment whi ¢ 4 to 6 are di agranms for expl ,II

type seni conduct or device in accordance wi2é the second 25 e

the present invention, wherein Fig. 4 is a top view of a BGA board used in
the BGA type s®HAT d@(ﬂ]’-@thQjé\ﬁ-ce Fig. 5is a rear vi ew of the BGA
board, and Fig.. 6 is a cross-sectional view of a mj - 18 - part of
the BGA board ven a senﬁb&ﬁ&kﬂﬂﬁdWQt@#e@FVl§en§9WPédséﬁgthe BGA board. In
Figs. 4 to 6, constituent e%&gﬁp ﬁ havi ng substantially equival ent
functions to those in th& jdi ment of Figs. 1 to 3 are 5 denoted by

the same reference nuner%.%eﬁ?géﬂﬁﬁ%t%pathl% disposed on a upper

surface of the substrate;

a plurality of soldering pads disposed on a
lower surface of the substrate;

said substrate having a first group of through
holes connected with signal Wirings of the semiconductor
chip and formed in an inner part from the periphery of
the substrate and a second group of through holes
connected to power supply wirings or grounding wirings
and formed in a part of the substrate extending from the
periphery of a semiconductor chip mounting area.
2. A semiconductor device according to claim 1,
wherein on a upper surface of the substrate are provided
first bonding pads for connecting signal terminals of
the semiconductor chip with the signal wirings by means
of wire bonding and second bonding pads for connecting
power supply terminals or grounding terminals of the
semiconductor chip with the power supply wirings or
grounding wirings by means of wire boding.
3. A semiconductor device according to claim 2,
wherein the second bonding pads are disposed between the
first bonding pads and the semiconductor chip.
4. A semiconductor device according to claim 3,
wherein the plurality of soldering pads are disposed in

an area extending between the first group of through
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“thereof is onttted its duplication. The BGA f?pemgeH$
device il ust rﬂ ﬁ“‘ “;%ﬂﬁ! 0 6 includes sem conduct or
-trodes 17, thr oIderlng pads 19, a 10 patter

W ring Ilnes or sheet pattern 20, and Zﬁwernal pattern 2 As sh omn in
Fig. 4, the BGA board 1 is provided on |ts top side with the bondi ng pads 4
and the patt ehode@swiands thehsscanda ariovaniodt khspughl bodes aRE a3sSpadfer ned
wires 3 being connected to the through holes 2 for .connection with signal

wires. The sedc@f@dcdstined it the §Qﬁ95‘|‘?t SFo9R ofe %W&Bﬂ&&&?ér‘ el enent
el ectrodes 17 provided in the center t he BGA board t he sen1 onduct or

el ement 20 el &ctrodes 1#|§?WHQQQ tﬁ§ gﬁﬂﬁggtéﬁcﬁfpﬁngrﬁﬁnﬁﬁﬁé eléct r odes
Lo, O, L et 5 el BRI 4 s, SHSRL . E BoR BRSO,
Wi th ground'”%dﬁé“ﬁ%e disposed in an area extending between the first
group of through holes and the second group of through
holes.
6. A semiconductor device accordihg to claim 1,
wherein'the inner part from the periphery of the
substrate extends in a geographical range from the
periphery of the substrate to (a-b)/8 and the part of
the substrate extending from the periphery of the
semiconductor chip mounting area extends in a geo-
graphical range from the periphery of the semiconductor
chip mounting area to (a-b)/8, wherein a denotes the
length of one side of the substrate and b denotes the
length of the semiconductor chip.
7. A semiconductor device comprising:
| a substrate
a semiconductor chip disposed on a upper
surface of the substrate;
a plurality of soldering pads disposed on a
lower surface of the substrate;
at least certain of the soldering pads for
éower supply and grounding of the semiconductor chip are
disposed at substantially a central part of the

substrate.
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- 25 icinity of the seniconductor s Been Replaced
el ectrrodes 17 “ Hmu Qmpl y pads 11 which are connect “lslu“lv
-t hrough hol es or comnestion with power supply wires.

in Fig. 5, arranged on the rear side of- t3fe BGA board 1 are the mnrlng
lines 6 which are connected to the through holes 2 as well as the sol der-
ing pads 7 whBeh are coAnsemégonduckerwievigel RRESTEiNGr t9 €dARBCTrON with
signal wires. Provided in the center of the rear side of the BGA board 1 is

the planar paMher@isr sgid Hubstgatenbasod gKouP B§tF@FﬁuSB BRiLER are
connected to the assqgci.at t hr h holes 18. Forned_o nar
patterned wir%t§ 4& %gﬁ §ﬁg@&'ﬁgFt@ina2§gﬁ nﬁ&§8°§fe§tg8 8P resi st
mask are the gol dering pads, 19 WUCH 26 1435%u¥0:° ip mounting

area, said group of through holes being used for

connection with power supply wirings or grounding
wirings of the semiconductor chip,

the soldering pads for the power supply or
grounding are electrically connected with the through
holes which in turn are connected with the power.supply
wirings or grounding wirings of the semiconductor chip.
9. A semiconductor device comprising:

a substrate;

a semiconductor chip disposed on a upper
surface of the substrate;

a plurality of soldering pads disposed on a
lower surface of the substrate;

said substrate having a first group of through
holes connected with signal wirings of the semiconductor
chip and disposed in an inner part'from the periphery of
the substrate and a second group of through holes
connected with power supply wirings or grounding wirings
of the semiconductor chip and disposed in an inner part
from the periphery of a semiconductor chip mounting
area; |

said plurality of soldering pads being
arranged in an area extending between the first group of

through holes and the second group of through holes and

THIS SHEET HAS BEEN
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“the BGA board

mm whi ch are connect ed o the’ t hrough Hol¥s <12 as wel | as the M@erl ng
pads 13 which are connected to the patterned wiring |ines 14 for connection
with pover sufgisp Wiy @&t arearefingd b her serondaBronPe@twEPTRYIR nes 14
for connectlon th the power supply wires was nade wi de to reduce the
I npedance. ! the through holes 12 and the sol dering pads 13 are

ol der i ng ngit her Suoh il SOTROL ol WO g TR BRRRERNBRTY | fes
and some ot herg té?:&%ﬁ%é‘%?%z%ﬁdﬂg%ﬁ%% ot %a]idl seflidonA b2

plurality of mnrlng
chip to the soldering pads for power supply or to the

-nection with grounding wires. Also arranged at positi onsTElF efﬁaeBthéenhstde
“periphery of t &IIHMHH t pattern 20 and cl oser
ed wiring lines 14 haV|ng

soldering pads for grounding is shorter than the length
of wiring.from the signal electrodes of the
semiconductor chip to the soldering pads for the signals
of the semiconductor chip.

1l0. A semiconductor device according to claim 9,
wherein on a upper surface of the substrate are provided
first bonding pads for connecting signal terminals of
the semiconductor chip with the signal wirings by means
of wire bonding and second bonding pads for connecting
power supply terminals or grbunding terminals of the
semiconductor chip with the power supply wirings or
grounding wirings by means of wire boding.

11. A semiconductor device according to claim 10,
wherein the second bonding pads are disposed between the
first bonding pads and the semiconductor chip.

12. An electronic apparatus comprising a semi-
conductor device as claimed in claim 1.

13. An electronic apparatus comprising a semi-
conductor device as claimed in clam 7.

14. An electronic apparatus comprising a semi-

conductor device as claimed in claim 9.
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-.20 - As shown in Fig. 6, electrodes (signal electrodes) of the

“sem conductor elenment 8 mounted on the BGA board 1 are connected to the
patterned wires 3 by the bonding wires 15 and further connected to the 5
sol dering pads 7 through the patterned wires 3, through holes 2 and w ring

lines 6. The solgrrAer PoE SrHE BscEsodtggi ed with the solder balls 10 for
connection with signal wires. In the center of the BGA board 1, the ground-

10 ing el ectrodes of the rear side of the seniconductor el enent 8 are

connected to thgssefE® NSkt ﬁﬁéﬁgﬁn B aqEs 17 and further connected

to the soldering pads 19 via t e sem con uctor elenent el ectrodes 17,

t hrough hol es EZrpergoNIenzOURAMERTNEYIING! vBE bhM@s or 15 sheet pattern 20.
The sol dering pads 19 are connected with the solder balls 10 for connection

with the grounding wires. Arranged at positions closer to the center of
A BGA type semiconductor device which realizes

its high speed operation and high integration density by
shortening power supply or grounding wires to_réduce its
inductance. 1In the BGA typé semicénductor device, the
power supply or grounding wires are provided in the
vicinity of the center of a BGA board to realize the
high-speed operation and high integraﬁion density,
whereby.an electronic circuit or equipment using the BGA
type_semiconductor device can be made high in opera-

tional speed and made sophisticated in function.

(Please note that Figure 3 should accompany the abstract when published)
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the BGA board 1 are el ectrodes (power: supply el ectrodes) 20 of the

sem conduct or elenent 8 and the power supply pads 11 which are connected

t oget her by the associated.bonding wires 16, and further .connected to the
-sol dering pads 13 through the power supply pads 11, through holes 12 and
patterned wiring lines 14. The solderiiq/ ds 13 25 are. connected wth the
sol der- balls 10 for connection with theé ‘power supply wires. In the second
enbodi ment, for the purpose of controlling the characteristic inpedance of
t he signal - 21 - wires and reducing crosstalk, the internal pattern 21
is provided within the BGA board 1. The internal pattern 21 is, in the

Il lustrated exanpl e, connected to tie gr oundipng throggh hol es 18 and al so
I sol at ed frof;|E£.51other througpﬁb l es 2 an? 1%>/77 _ _ :

. . 100
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In the structure of the second enbodinent, the ground connection of the
sem conductor elenent 8 is carried out by connecting the grounding
el ectrodes to the soldering pads 19 through the 16 through holes 18 10
wi t hout using any |ine-shaped wirings. Further, the power supply wires are
provided in the formof 16 sets of the_bonding wires, through holes and
wring lines, which are all |ocated i ni/d€ t he S|gnal wres radially
ar r anged. Therefore the nunber of such signal wires 15 can be prevented
from-bei ng reduced and rather the need for the power supply or grounding
wires to be radially arranged can be avoi ded, which results in that the
nunber of the signal wires is increased. In_the second enbodi nent, the
maj or contribu- 20 tion to the inductFln% 03the grounding wires is only
t he through holes 18. Accordingly, an in uctance per through hole is as
-small as 0.25 nH when the .through holes 18 have a dlaneter of 0.3 mmand a
| ength (depth) of 0.8 nm 15

| 8
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25 - The power supply wires are connected by the bonding wires 16
fromthe sem conductor elenent 8 to the power supply pads 11 | ocated very
close to the.senm - conductor elenent 8, and further connected fromthe -
22 - power supply pads 11 to the sol dering pads 13 through the through
holes 12 and the patterned wiring lines 14 having a |inew dth of 0.3 nmm and
having a | ength of about 2 nm Since tBe Wire paths are short, the 5

i nduct ance was small and in the second enbodi ment, 1.5 nH The bondi ng
wires 16 had a diameter of 0.04 nm a length of 1.7 nm and an inductance
of 1.4 nH Accord- ingly, the inductance per one wiring |ine extended from
the top of the sem conductor eIenentEB|§a tﬁ? sol dering 10 pads 13 is 2.9

- nHin total. 16 sets of the power su Wi T'es and 16 sets
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of the grounding wires are provided. Thus, the overall inductance Lo is
theoretically 0.20 nH (=(2.9 nH16) + (0.25 nH 16)), but was actually 0.19
nH because of the 15 effect of use of the plurality of power supply |ines.
The second enbodi.nent having such an arrange- nent as nentioned above was
capable of operating at the operationalliﬁequency of 1600 Mz with the
current consunption variation [err]l 04 0.5 A ‘The power noise [err]V 20
was 0.96 V (=2[err] x 1600 Mz x 0.19 nH x 0.5 A) and the all owabl e power
noise was 1 V or |ess. The second enbodi nent was capabl e of operating at

t he operational frequency of 110 Mz with the current consunption variation
[err]l of 7.3 A That is, the power 25 noise AV was 0.96 V (=2[err] x 110 .
Mz x 0.19 nHx 7.3 A that was |l ess than thg, all owabl e power noise of 1 V.
Figs. 1 and 2 and Figs. 4 and 5 are the=BGA ggpards 1 which forma third .
enbodi nent of the present 1? S
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-.23 - invention and which can be commercialized by itself. In these BGA
board 1, as already expl ai ned above, the sol dering pads for the power
supply or grounding, which are arranged in the center of the BGA 5 board,
have a wiring inductance of about 0.60 nH with respect to the structure of
Figs. 1 and 2 and of about 0.19 nH mﬁt§¢; spect to the structure of Figs. 4
and 5. In the case of the structure of iZs. 1 and 2, the third enbodi nent
can operate at the operational 10 frequency of 500 MHz with the current
consunption variation [err]l of 0.5 A or at the operational frequency of
110 MHz with the current consunption variation [err]l of 2.3 A In the case
of the structure of Figs. 4 and 5, on the other hand, the third enbodi nent
can operate at the 15 operational frequency of PO MHz with the current
.con- -sunption variation [err]| el oper ational frequency of
110 MHz with the curre

63
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variation [err]l of-7.3 AL Fig. 7 shows electronic equipnent in accord- 20
ance with a fourth enbodi nent of the present invention. In Fig. 7, a
plurality of BGA sem conductor devices 51 in accordance with the first
enbodi ment or a plurality of BGA sem conductor devices 51 in accordance

w th the second enbodi nent are nDuntedggp a printed 25 circuit board 52,
the printed circuit board 52 in turn b "a connected to a back board 55

t hrough connectors 53 and 54, the back board 55 in turn being supplied with
power from a power supply device 57 through a power - 24 - supply cable
56. In the drawing, a casing, switches, wring lines |eading to other
parts, etc. are omtted. In the fourth enbodi ment, since the BGA type

sem conduct or devices of the present invention are '
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5.mbunted in the sem conductor equi pnent, the sem con- ductor equipnent can
operate at high speed with a high.integration. Fig. 8 shows electronic

equi prent and nore specifically, an electronic computer in accordance with
10 a fifth enbodi mrent of the present invention. The conputer illustrated in
Fig. 8 includes a conputer body 60, aZdiﬁplay unit 68 and a keyboard 69.

| ncorporated in the conputer body 60 A hard di sk drive 62, a floppy-

di sk .drive 63, a power supply 64 and 15 a printed circuit board 61. Mounted
on the printed circuit board 61 are central processing unit (CPU) 65
conprising the BGA type'seniconductor devi ce, another sem conductor device
66 and a nenory 67. In the enbodinment of Fig. 8, the CPU 65, which 20
conpri ses the BGA type seniconductorFEE \CE, an operate at- a frequency of
600 MHz and thus, the entire conpute orm hi gh-speed operation. It
goes. wi thout saying that, with the sane
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arrangement, a high integration of BGA seniconductor 25 device can be used
in"the CPU 65 to inprove the processing ability of the corrputer The

el ectroni c equi pment of these fourth and fifth enbodi mgs e
sen conductor device is - 25 - used therei n,Susktitats
wi th high func- tion, thus contributing to the advances
the electronic |ndustry Though all the power supply of d
are arranged to concentrate in the vi c19h1ty of the cen
in the enbodi nent, the present invention is not restrlste
exanpl e and such arran enment may be partially carri ed |
desi gn r equiigaIyire gﬁ) wsesliormefpewwﬂ .

| NVeNntion.  gires for the power supply_ system is increased, to reduce the inductance of the power supply
system, thereby coping with the further improvement of the operational speed of the
semiconductor device and with an additional increase in the integration density thereof.
5 More specifically, a semiconductor device according to the present invention comprises:
a substrate; '

a semiconductor chip disposéd on an upper surface of the substrate;

a plurality of soldering pads disposed on a lower surface of the substrate; and

said substrate having a first group of through holes connected with signal wirings of the

10 semiconductor chip and formed in an inner part from the periphery of the substrate and a second
group of through holes connected to power supply wirings and grounding wirings and formed
in a part of the substrate extending from the periphery of a semiconductor chip mounting area
wherein a wiring length from the power supply wirings and grounding wirings to the solder pads
via the second group of through holes are shorter than Jengths from the signal terminals to the

15 soldering pads via the first group of through holes.

With the arrangement, it becomes possible to reduce the wiring length of the power
supply system shorter than that of the signal wirings or increase the number of wirings of the
power supply system, which in turn brings about the effect of reduced inductance of the power
supply system. |

20 Preferably, on the substrate upper surface are provided first bonding pads to connect
signal terminals



Further, the arrangenent of the first enbodi- nment and the arrangenent of

t he second
el ectrodes

have been 15 provided on the rear side of the-semcomndur
el enent fromthe viewpoint of its design in thsubeﬁfutd }éﬁﬁﬂe

power suppl
sem conduct
subst anti al

enbodi nent may be m xedly enpl oyed. Although the groundi ng

ﬂmunM'mﬂmmrgxﬁrgn Ided ?Eet fo ect of tihg pg@samy {2§8ent i

Iy 20 ehuﬂlalsent to the forffer case. The grdundi ng i nternal |

on

| ayer has been provi ded within the BGA board in the seqon odi nent .
However may be for power supply, Hy be one | ayer of
wltl-layewg% désthe signal wires, 25 wtho '"MVOI VI ng

deteriorati

on of the effect of the present invention. Though the

i nt erconnecti on between the sem - conductor el enment and BGA board is
ef fect ed bylneand semiconductor device comprising:

10

a substrate;

a semiconductor chip disposed on an upper surface of the substrate;

a plurality of soldering pads disposed on a lower surface of the substrate; and

said substrate having a fixst group of through holes connected with signal wirings of the
semiconductor chip and formed in an inner part from the periphery of the substrate and a second
group of through holes connected to power supply wirings and grounding wirings and formed
in a part of the substrate extending from the periphery of a semiconductor chip mounting area

- wherein a wiring length from the power supply wirings and grounding wirings to the solder pads

15

20

25

30

via the second group of through holes are shorter thav lengths from the signal terminals to the
soldering pads via the first group of through holes.

2. A semiconductor device according to claim 1, wherein on an upper surface of the
substrate are provided first bonding pads for connecting signal terminals of the semiconductor
chip with the signal wirings by means of wire bonding and second bonding pads for connecting
power supply terminals or grounding terminals of the semiconductor chip with the power supply
wirings and groundiog wirings by means of wire bonding.

3. A semiconductor device according to claim 2, wherein the second bonding pads are
disposed between the first bonding pads and the semiconductor chip.

4, A semiconductor device according to claim 3, wherein the plurality of soldering pads are
disposed in an area extending between the first group of through holes and the second group of

through holes and also in an area defined by the second group of through holes.

5. A semiconductor device according to claim 1, wherein at least certain of the plurality of
soldering pads are disposed in an area extending between the first group of through holes and
the second group of through holes.

Tlus Sheet Has Been Replaced
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- 26 = of t

he bondi ng wires in the enbodinent, it may be carried out by

anot her neans, by a tape automated bond| ng (TAB) technique or a

sol der bal I—t—eehm-que—w—t—heut— deteriorating the effect of the present 5

i nventi on.

have been ar
t he enbodi ne

the effect

used in the enbodi nent may not be used. Even when the po

ar r angenent

15 other thgn thﬁéﬁf@ﬂ%@?& d&ﬁ&%&ﬁdﬂ&t&&ﬁmof wikahdin 0l il lndd

_I nvention i

different fromthepia t
ay rmysbe*arranged on t he sane pl ane 1 wWrttroot—rpatt
the B onghigwal 6
It onal
ngea 1 or

E |mI|H the sen conduct or &Jmﬁ;ute eﬁ

3'

‘of the present invention. | Rgthe |atter case,

of the soldering pads and bondi ng pads is chad

'edsSUOTrT

s sti et
of the substrate extends in a geographical range substantially from the periphery of the substrate

1o (a-b)/8 and the part of the substrate extending from the periphery of the semiconductor chip
mounting area extends in a geographical range from the periphery of the semiconductor chip
mounting area to (a-b)/8, wherein 2 denotes the length of one side of the substrate and b denotes

the length of the semiconductor chip.
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7. A semiconductor device comprising:

a substrate;

a semiconductor chip disposed on an upper surface of the substrate;

a plurality of soldering pads disposed on a lower surface of the substréte;

said substrate having a first group of through holes connected with signal wirings of the
semiconductor chip and disposed in an inner part from the periphery of the substrate and a
second group of through holes connected with power supply wirings and grounding wirings of
the semiconductor ch:p and disposed in an inner part from the periphery of a semiconductor chip
mounting area,

said plurality of soldering pads being arranged in an area extending between the first
group of through holes and the second group of through holes and also in an area defined by the
second group of through holes,

wherem the length of wiring from power supply electrodes and grounding electrodes of
said sem:conductor chip to the soldering pads for power supply or to the soldering pads for
grounding is shorter than the length of wiring from the signal electrodes of the semiconductor
chip to the soldering pads for the signals of the semiconductor chip, such that power supply noise
is reduced when the semiconductor chip is operated at fast operational speeds.

8. A semiconductor device according to claim 7, wherein on an upper surface of the
substrate are provided first bonding pads for connecting signal terminals of the semiconductor
chip with the signal wirings by means of wire bonding and second bonding pads for coomecting
power supply terrinals or grouading terminals of the semiconductor chip with the power supply
wiriogs and grounding wirings by means of wire bonding.
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The present invention is, of course, appl i - cable not only to BGA type

As has been_ﬁx_pl—al—ﬁed~rﬂ—‘t‘hﬁoreg0| ng, in accordance wt
i nventi on, a BGA type sem cogiipstititetshepis

further irrp ﬂiﬁﬁ ‘tl |man‘ i“L speed and inte - %l,
t he operati equency can be I ncreased 25 to 500MHz- 36q0 tjf‘fat
corresponds to 4.5-14.5 tinmes the operd0i-onal frequency o

prior art. Further, the current consunption variation carjjbe increased to
2. 3A-7.3A which corresponds to 4.6-14.6 - 27 - times thecourrent

sem conduct or devi ces but al so to PGA type sem conduct or
REBLABEM‘F SHEET

- .
4 —MtE—tr—the

consunpti on gvar i @ semiceddudtod déviceadchnting iociaiany, wherein theesecondepnding@ads are
Aensi 1Y 011 GEt e Al A ol S8 an Rl afy. (e MuToer

10.  An elecironic apparatus comprising a semiconductor device as claimed in any one of
§ claims 1 to 9. |

11. A semiconductor device comprising: |
a substrate having a first group of through holes and 2 second group of through holes,
said second group of the through holes to be disposed in an inner part from the first group of the
10 through holes; |
a semiconductor chip having signal terminals, power supply terminals and grounding
terminals, said semiconductor chip disposed on a first side of the substrate, said signal terminal
tobe eleatrically' conpected with the first group of through holes, said power supply terminal and
said grounding terminal to be electrically connected with the second group of through holes; and
15 a plurality of bumps disposed on a second surface of the substrate,
wherein lengths from the power supply terminal and the grounding terminsls to the
bumps via the second group of through holes are shorter than lengths from the signat terminals
to the bumps via the first group of through holes.

20 12. A semiconductor device according to .claim 11, wherein a wiring width from said second
group of through holes to the bumps is wider than a wiring width from said first group of
through holes to the bumps.

13. A semiconductor device according to claim 11, wherein a plurality of wirings from said
25 second group of through holes to bumps ace electrically connected to each other,

14. A semiconductor device comprising:
a substrate having a first group of through holes and a second group of through holes;
a semiconductor chip having signal terminals, power supply terminals and grounding
30 terminals, said semiconductor chip disposed on a first surface of the substrate; and
a plurality of bumps disposed on a second surface of the substrate,
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circuits within the sem conductor device can be 5 increased-to-4.6-14-6
ti‘mes that of the prior art. As a result, an electronic cir lnEPLMjEMENT SHEET
equi pment usi ng the sem conductor devices of the present inpeptieh—ecan

oper ate at gmm‘ﬂﬂmmwlutn be made sophi sti abstitute sheet}- laauﬁlg mggsmg

contributi and 10 devel opnents—of—the eteft
I ndustry. The SbovVe advantageous effects result fromthe faft *hat the
power supply or grounding wires are shBltened to reduce its]inductance. A

total length of the power supply wires on the BGA board was*-3o—rmthat—i5
Is equal to the length of the shortest signal wires in the prior art,
whereas, in the ﬁ/ﬁ&emdemmk frbh e pamcki.:ppimemﬁnddrmdphegmdﬁ:g\mmmqgo thhe

| engt hs of the po supply an WI res wer
respect i vel jump 5@011 group °§] %W%@&W@ﬂd
thustheingyﬁg ﬁgé%g mr to 0.60 nHor 0.19 nHthat is
1/ 10 or |less ereg?m%gt ‘\S/j%l&,w gbgg!ggnce of the present invention is
to .
5 15. A semiconductor device according to claim 14, wherein a wiring width from said second
group of through holes to the bumps is wider than a wiring width from said first group of
through holes to the bumps. |

16. A semiconductor device according to claim 14, wherein a plurality of wirings from said
10 second group of through holes to the bumps are electrically connected to each other.

17. A semiconductor device comprising:
a substrate having a first group of through holes and a second group of through holes,
said second group of through holes disposed in an inner part of the substrate from the first group
15 of through holes;
a semiconductor chip having signal termivals, power supply tenninals and grounding
terminals, said semiconductor chip disposed on a fixst surface of the substrate; and
a plurality of bumps disposed on a secoad surface of the substrate,
wherein said signal terminals are to be clectrically connected with the bumps via the first
20 group of through holes, said power supply terminals and said grounding termipals are to be
electrically connected with the burops via the second group of through holes.

18. A semiconductor device according to claim 17, wherein a wiring width from said second
group of through boles to the bumps is wider than a wiring width from said first group of
25 through holes to the bumps.

19. A semiconductor device according to claim 17, wherein a plurafity of wirings from said
second group of through holes to the bumps are electrically connected to each other.

30 20. A semiconductor device comprising:
a substrate having a first group of through holes and a second group of through holes,
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arrangé the power supply or grounding wires to concentrate in the central
pait of the BGA board to 25 thereby shorten the wiring line |Iength. - 28
- VWHAT IS CLAIMED | S: 1. A _sem conduct or devi ce conpri sy

sem conduct or chlmd sposed on an uppSlibstititéche

s g ;tyal?nll||E|| RO o osse ore

having a first group of throlgh Wpgesit 1998
connected with si gnal WI rings of the saggi_conductor chip an

ormed in an
i nner part fromthe periphery of the substrate and a secongyl group of
t hrough hol es connected to power supply wrings and groundfng w rings and

formed 10 i mbesetunidigraip of BiRouptihales dilpRslih ANEDE Gaft 0P felsiSsuRf FOMIAY AL group

senmi conduct or. chip mounting area wherein a wiring |ength fromthe power
supply wiri ﬁ@@ﬁ“@@@undl ng WI r| ngs to the solder pads via the second

0ot ot o0 g corpho? B8 i s SRR b Bl i B
on t he | owergrounding terminals, said semxoonductor chip disposed on a first surface of the substrate, said
5 signal terminal electrically connected with the first group of through holes, said power supply
tenninals and/or siid grounding terminals electrically connected with the second group of
through holes;
* a plurality of bumps disposed on a second surface of the substrate; .
wherein a length from the power supply terminal and/or the grounding terminal to the
10 bump via one of the second group of through holes is/are shorter thaa a length from the signal
terminal to the bump via one of the first group of through holes, so as to reduce power supply

noise.

21. A semiconductor device comprising: _

15 a substrate having a first group of through holes and a second group of through holes,
said second group of through holes disposed in an inner part of the substrate, from the first
group of through holes; _

a semiconductor chip having signal terminals, power supply terminals and grounding
terminals, said semiconductor chip disposed on a first surface of the substrate, said signal

20 terminals electrically connected with the first group of through holes, said power supply
terminals and said groundmg terminals electrically connected with the second group of through
holes;

a plurality of bumps disposed on a second surface of the substrate;
wherein 4 length from the power supply terminals and the grounding terminals to the
25 bump via one of the second group of through holes are shorter than a length from the signal

terminals to the bump via one of the first group of through holes so as to reduce power supply
noise.

22. A semiconductor device according to claim 7, configured such that the fast operational
30 speed is in a range from 500mhz - 16mhz.

This Shest Has Been ' Rep

[T llll



REIIE Lot

surface of the substrate of the power supply wrings and groundi ng 15
wi'rings are shorter than a mnrlng | ength on the | ower surface of the

R

substrate of the signal wirings. 2. A sem conduct or de¥f ? EET-

claim1, wh surface of the suSsbstitwteats ' J'
bondi ng pa “‘ﬂj §!H ﬁLzl gnal term nals of n T 20 ch p
with the s gm ans of wire bonding and seco d dglﬁaa%
for connecting pomer supply term nal s-83 - groundi ng term ngl g of the —

sem conductor chip with the power supply wrings and groungdi ng mnrlngs by
means of wire bonding. 3. A sem conduct or devi ce accordqLng-to claim.2,

wher ei n t he23.ec oAdseivaitugondeiiceadceordimg o qlahne?) silsstois el bhghfdfr;xiwebaaﬂimg
pads and the_ sem copductor chip. 4. A sem conduct or device according to
claim3, whies furality of soldering pads are disposed.in:an area
extendi ng between the first group of through holes and the second group of
t hrough holes and also in an area defined by the second group of through
hol es. 30 5. A sem conductor device according to claim1, wherein at

| east certain of the plurality of soldering pads are disposed in an area
extendi ng between the first group of through holes and the second group of
t hr ough hol es.
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-29- 6. A sem conduct or device according to claim1, wherein the inner
part:-fromthe periphery of the substrate extends in a geographical range
substantially fromthe periphery of the substrate to (a-b)/8 and the part

of the subst—rat—e—exterrrdrng—f‘r om t he peri-plRibstidlite! St T FRBHFAQT 1909
mount i ng geogr aphi cal range fromthe peri p1"er‘y‘ﬁo‘f—’t‘ﬁ

sem condua Zmljm |“mu ng area-2®-(a-b)/8, wherein a denotes the |ength
of one si the 8substrate and b denotes the |l ength of the sem conduct or

chip: 7. A sem conduct or device conprising: apstbst a
sem conduWHATAISIQLAIMEPISed on an upper surface fREMCEMEMJ%[%
facte of the sbbgtrate;

plurality of soldering pads di sposed on a | ower
said substrate having a first group of through h Ie z:&;nFlEBtﬁﬂgwt si gnal

Wi ri ngs off, t he Assetiicondudtos devicechmprising di sposed i dn 1 nner part _iremthe
periphery of the substrate and a second group of {t hfough hol es connected
with power suppl SR i ngs and grounding wirings qf 15 the seni conduct or
chip ands di SpO&Qdmicﬁn@&oi-Eui;e&sg&wdtonfahmppérherfmnf ] ; a sem conduct or
chip nounting area;, sa raI| of, sol derin nged in an
area ext endi ng ‘WS{%H{. 6%%%%“?’&%‘%@%65%3?%5 s&%&a{tﬁe second -
group ofthr oughahe&be@atam@hﬁ@: grBup%'ft&roega Khidsicommbcted with signal wirings of the
‘semiconductor chip and formed in an inner part from the penphery of the substrate and 2 second

group of through holes connected to power supply wirings and grounding wirings and formed

10 in a part of the substrate extending from the periphery of a semiconductor chip mounting area
wherein a wiring length from the power supply wirings and groundiﬁg'wirings to the selder pads
via the second group of through holes are shorter than lengths ffom the sxgnal,‘&% to the

. seldering pads via the first group of through holes., a.nd_a.__mnng_lgnzm_im_chilgie;

surface of the substrate of the power supply wirings and grounding
15 wirings are shorter than a' wiring length on the lower surface of the

2. A semiconductor device according to claun 1, wherein on an upper surface of the
substrate are provided first bonding pads for 'comemms signal terminals of the semiconductor
20 chip with the signal wirings by means of wire bonding and second bonding pads for connecting
. power supply terminals or grounding terminals of the semiconductor chip with the powér supply -
wirings and groundmg wirings by means of wire bonding.

3. A semiconductor device according to claim 2, wherein the second ‘bonding pads are
25 disposed between the ﬁ;st bonding pads and the semiconductor chip.

4, A semiconductor device according to claim 3, wherein the plurality of seldering pads are
disposed in an area extending between the first group of through holes and the second group of
| through holes and also in an area defined by the second group of through holes:
0 .
5. - A semiconductor device according to claim 1, wherein at least certain of the plurality of
seldering pads are disposed in an area extending between the first group of through holes and
the second group of through holes. |



second group of through holes, 20 ~ wherein the length of wiring from
powes. supply el ectrodes and groundl ng el ectrodes of said sem conductor chip
t'o the sol der-pg—pads—for—power supply or to the s E: ' é:l E\AEWSSHEHT

g][ ounding is ﬂw m"“ um | engt h of wigybssitdite 999des
of the semc t he sol dering pads Tok fhe '
sem conducto L SUC at power Slin| Yy noi se i § recﬂjgegﬁah@ngj

sem conductor chip is operated at f ast““oper at i onal {speeds and a—wiriing 25

and groundi ng W rjngs ', Jarhaet B 8 '

of the subst ate%ﬁﬁ@éd&é%coaﬂg%agm{%esem conuctor deV| ce

accor g i ggf t Q-,ftqie&uliﬂﬂte exuhels n argeayaf ghivaliraqge substantially oot the periphery of therspbstrate,r o

provided firs or, conn

seni conduct g ( E’Rﬁ% %l%%%?teﬁ“gﬁﬁﬁgﬁiﬁm@enéﬁw%%ng%ﬁg% cg!rll’d

ts:(r:(r)nnd {Jond:c ﬁtg%mgsréaqmeﬁ&nne@ugﬁ@mmﬁge:ﬁ:mthy pbmhetymﬂltbe ssmicpndustorichip
nals o e senm cgn chi,p wi oWeL

gr oundi ng mmpwggwa% MF gﬂbeﬁ&eheéxgt%o%ne side o tHd ﬁibﬂafe'aﬂgﬁdﬁﬁﬂks

the length of the semiconductor chip.
7. A semiconductor device comprising:
a substrate;
10 ~ a semiconductor chip disposed on an upper surface of the substrate;

a plurality of seldering pads disposed on a lower surface of the substrate;

said substrate having a first group of through holes connected with signal wirings of the
semconductor chip and dxsposed in an inner part from the periphery of the substrate and a
second group of through holes connected with power supply wirings and grounding wmngs of

15 the semiconductor chip and dlsposed in an inner part from the periphery of 2 semiconductor chip

. said plurality of seldeaag pads being arranged in an area extending between the first
group of through holes and the second group of th:ough holes and also in an area defined by the
second group of through holes,

20 wherein the length of wiring from power supply electrodes and groundmg electrodes of
said semiconductor chip to the seldering pads for power supply or to theseldeﬂng pads for
grounding is shorter than the length of wiring from the signal electrodes of the semiconductor
chip to the seldering pads for the signals of the semiconductor chip, such that power supply noise
is reduced whee the semiconductor chip is operated at fast operational speeds., - and a wiring

25 length on the lower surface of the substrate of the power supply wirings
and grounding wirings are shorter than a wiring len he |
surface of the substrate of the signal wirings, '

- 8. A semiconductor device according to claim 7, wherein on an upper surface of the

| 30 substrate are provided first bonding pads for connecting signal terminals of the semiconductor
chip with the signal wirings by means of wire bonding and second bondixig pads for connecting

. power supply terminals or grounding terminals of the semiconductor chip with the power supply

‘wirings and grounding wiﬁngs by means of wire bonding.
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9. A semiconductor device according to claim 8, wherein the second bonding pads are

disposed between the first bonding pads and the semiconductor chip.

10.  An electronic apparatus comprising a semiconductor device as claimed in any one of
5 claims1to 9.



