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. SEMICONDUCTOR DEVICE AND ELECTRONIC DEVICE

EIELD _QF _THE JTNUVENTTON

The invention relates to a semiconductor device of lead
on chip (LOC) type and an electronic device using the same,
and especially to an effective technology for mounting a

semiconductor device for high bit rate data processing on a

printed circuit board.

BACKGROUND.OF THE TNVENTTON

In a conventional personal computer system, a micro
processor unit (MPU), a memory controller and a connector are
ﬁounted on a printed cizcuit board serving" as a mother board,
and a memory module, which is composed of plural dynamic random

access memories (DRAMs) mounted on the printed circuit board,"

is inserted into the connector.

Each semiconductor chip forming a DRAM is packaged and
transformed into the semiconductor device, which can be mounted

on tlx’e" printed circuit board, and the semiconductor device,

8o called the package, is mounted on the memory medule printed

circuit board, which is joined with the other printed circuit-
board serving as the mother board by means of the comnector.
In case that structural elements are mounted, the intervals
of the adjacent conductors in various joining portions are in
the order of sub micron meter in a semiconductor chip, 1000

Km in the package, 5004m in joining portion in a printed
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circuit board and 1,2704m in joining by means of a connector.
As mentioned in the above, each joining portion copes with
demand by enlarging its dimension.

In case that'highbit rate transmissionwith a ¢lock éignal
of more than 500 MHZ, such as picture transmission, inequality
in lengths of signal or control lines in a transmission line
cannot be neglected, and noise is apt to superpose on a driving
voltage and a clock signal on the signal line, as the length
of the transmission line increases. Especially, the signal
line is straight or bent in the transmission line on a mounting
surface thereof, and inequality in the lengths of the signal
lines is inevitable. Since the éielay time of the signal is
closely related to the length of the signal line, the signals
simultaneously transmitting through the same transmission
line reach the input termina_lls of a semiconductor chip at
different times, because of inequality in the lengths of the
signal lines. In such a case, timing of_ the operations of
the transistors is disordered, which may cause the miss
operations of the semiconductor chip.

Table 1 shows levels of moﬁnting and joining techﬂologies
of a DRAM in a personal computer. 1In table 1, the level of
processing technology of a semiconductor chip is regarded as
“l* as a standard of comparison. In mounting process in a
package, since easiness of mounting is regarded as important,
the dimensiqn of a joining portion is apt to be enlarged, hence

an effect if electromagnetic wave incident thereon cannot be



disregarded especially in case of a semiconductor device for

high bit rate data processing.



TABLE 1 LEVELS OF MOUNTING AND JOINING
TECHNOLOGY OF DRAM IN PERSONAL COMPUTOR

TEMS APPLIED TECHNOLOGY W‘R'cNf r:')TCH MAGNIFICATION
MPU MEMORY FINE PROCESSING 05 1
CONTROLLER OF WAFER '
CHIP-PACKAGE
e WIRE BONDING 100 200
PACKAGE—PRINTED
CRCUT BOARD SOLDER RE-FLOW 500 1000
"JONING .
" PRINTED CIRCUIT PIN-SOLDER JOINING
BOARD-CONNEGTOR |  IN APERTURE IN 1270 2520
JOINING PRINTED CIRCUT BOARD
CONNEGTOR-
PLUG INSERTION INTO
soNN Y G PIN CONNECTOR 1270 2520
BoARDEMORY g | SOLDERBALL JONNG | 750 1500
PKG-CHIP JOINING | Cu-Pb DIRECT JOINING 100 200
HGH SPEED |- MOST ADVANCED FINE
PROCESSING 0.25 05
MEMORY, CHIP | reo1NOLOGY OF WAFER
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In data and signal transmission between memories and a
memory controller, it is indispensable to suppress noise. As
mean for suppressing noise in .data transmission between the
memor'y controller and the memories, a rambus channel aeveloped
by Rambus Inc. is reported on Nikkei Electronics, p.31 to 32,
No. 701, Oct., 1997. It is effective todirectlymounta mMemory
chip on the rambus channel in a way 6f face down as a method
for making a wiring length of a paékage be zero.

In this case, however, although it is necessary to remove
unacceptable chips in advance in accordance with aging, it is
impossible on the basis o¢f present technology level.
Accordingly, a CSP (Chip Size Package) called a micro BGA (Ball
Grid Array) is used as a small-sized package. This package
is joined with a printed circuit l.:oard via solder balls. In
this package,.a wiring pattern, which is obtained by etchin§
a Cu film stuck to a bolyimide £ilm, is used as means fof
electrically connecting bonding pads of a semiconductor chip
with.hall pads of the solder’balls.. In backages of all kinds,

considerable process of fabrication is necessary, and material

cost thereof becomesz high.

SIIMMARY OF THE TNVENTTION

Accordingly, it is an object of the invention to provide
& semiconductor device, in which a wiring length in a package
of a semiconductor device can be sﬁortened.

It is a further objeét of the invention to provide an

electronic device mounting plural semiconductor devices



10

15

20

25

théreonc in which transmission delay times of signal lines in
a tranamission line provided between the semiconductor devices
are aequal to each other.

According teo the first feature of the invention, a
semiconducior device comprises:

A semiconductor chips; and

leads provided on the semiconductor chip to be connected
to p;ds of the semiconductor chip:

wherein the leads comprises left and right side leads, such
that the left side leads are arranged to be staggered relative
to the right side leads by a half pitch of the left and right

side leads.

According to the second feature of the invention, an

" electronic device comprises:

a bus chaﬁnel line board having a plurality of pgralle;
and straight bus channel lines, each having a same length; and

semiconductor devices provided on the bus channel line
board:

whe;ein_each of the semiconductor devices has leads
connected to the parallel and strxaight bus channel 1inés, the
leads extending in opposite directions in a staggered pattern
by a half pitch of the leads.
BRIEF DESCRTBTION QF THE DRAWINGS

The invention will be explained in more detail in
conjunction with appended drawings, wherein;

Fig. 1 is a planar view. for showing an outline of the
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structu:;e. of a DRAM of LOC structure according to the first
preferred embodiment of the invention,

Pig. 2 is a cross-sectional wview of Fig. 1 in A-a'
cross-section,

Fig. 3 is a planar view for showing a joining portion
between a DRAM and a printed circuit board according to the
first preferred embodinient,

Fig. 4A and 4B show states that memories according to the
first preferred embodiment of the invention are mounted on
printed c}rcuit boards,

Figé . 54 and 5B gshow another way for mounting the memories
according to the first preferred embodiment of the invention

on the printed cireuit boards,

Fig. 6 shows a magnetic field generated by a current on
a lead of the DRAM according to thg first preferred embodiment
of the invention, |

Fig. 7 shows an eddy current distribution on a metallic
film {et close to the lead obtained by computer simulation,

Fig. 8 shows measured inductances of the lead in a
fi:equency range of 10 MHz to 1000 MHz for cases that an interval
between the lead and the metallic film is changed,

Fig. 9 shows the inductance of the lead measured at 100 MHz
for cases that the metallic film exists and does not exist,

Fig. 10 shows the inductance of the lead as a function

of the frequency, when a conductivity of the metallic film is

changed,

-~
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Fig. 11 is.a circuit diagram for explaining a cause of
noise generated in a high frequency region, |

Fig.12showspermissiblelimitsofvﬁriationsofthepower
source and ground potentials of a transistor in case the power
gsource voltage is changed from 5V to. 3.3V,

Fig. 13 shows an example of a transistor c¢ircuit om a
semiconductor chip,

| Fig. 14 is a perspective view for showing two parallel
signal lines, on which a counter e.m.f. is induced on a signal
line 2' by a current on a signal line 1°.

Fig. 15 is a perspecti@e view for explaining capacitive
cross-talk noise, :

Fig. 16 is a,c&oss-sectional view for showing an outline
of a structure of a DRAM of LOC structuzre according to the second
preferred embodiment of the invention,

Fig. 17 is a cross-sectional view for showing an outliné
of a structure of DRAM of LOC structure. according to the third
preferred' embodiment of the invention,

Fig. 18 is a planar view for showing an outline of a
structure of a CSP type - DRAM of LOC and BGA structure according |
to the fourth preferred embodiment of the invention,

Pig. 1§ is an enlarged diagram for showing an important

part of Fig. 18,

Fig. 20 is a cross-sectional view of PFig., 19 in B-B'

cross-section,

Fig. 21 is a disassembled cross-sectional view for showing
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an electromagnetic shielding device shown in Fig. 20,

Figs. 22A and 22B show an example of computer simulation
for analysing noise on signal leads in a packagg'of a CSp-
type DRAM of BGA structure according to the fourth preferred
embodiment of the invention,

Figs. 23A and 23B show results of computer simulation
explained in Figs. 22A and 22B,

Fig. 24 ig a planar view for showing an outline of a
structure of a C;SP type-DRAﬁ of LOC and BGA stiructure according
to the fifth preferred embodiment of the invention,

Fig. 25 is a planar view for showing an electronic device
according to the sixth preferred embodiment of the invention,
and

Fig. 26 is a planar view for showing an electronic device
according to the sixth preferred embodiment of the invention.
DESCRIPTION OF THE PREFERRED EMBODTIMENT

Thereafter? preferred embodiments of the invention will.
be exglained referring to the appended drawings.

Structural elements with the same fuanction will be
represented by the same reference numeral throughout_ all the
appended drawings, and repeated explanation will be omitted.

(The first preferred embodiment)

Fig. 1 is a planar view for showing an outline of a
structure of a DRAM of LOC (ﬁead On Chip) structure as the first
preferred embodiment of the invention. Fig. 2 is a cross-

sectional view of Fig. 1 in a A-A' c¢ross-section, and Fig. 3



10

15

25

-10-

is a planar.view for showing a joining portion of a_printed
circuit board.

In Figs. 1 to 3, 1 is a semiconductor chip (LSI of DRAM),
1A is a bonding pad of the semiconductor chip 1, 2 is a
electromagnetic¢ shielding f£ilm (a metallic £ilm), 3 is an
insulative film with thermoplastic adhesive for Jjoining
(polyimide), 4 is a lead for a signal, 5 is a lead for power
source/GND, 6 is a bonding wire (a Au wire), 7 is sealing resin,
8 is a printed circuit board inclluding'a multilayered printed
circuit board, 9 is a bus composed of plural bus channel lines
with an equal leﬁgth forﬁéd on the printed circuit board 8,
10 is a bus channel line for transmitting a memory-driving
voltage or a clock sigmal, and 11 is é lead-joining portion
formed on a bus channel line 10 in the bus 9.

As shown | in Figs 1 ‘and 2, the main surface of the
semiconductor chip 1 is covered with the metallic £ilm 2 except
a region, on which bonding pads 1A are provided, and the
insula,.tive film (the polyimide £ilm) 3 is formed on the metallic

film 2. On the insulative £ilm, the signal lead 4 and the power

source/GND lead 5 are respectively shifted in the zight and
left directions.

The bonding pads 1A are electrically connected with the
signal lead 4 and the power SOurce/éND lead 5 by the bonding
wires 6, and all of them are sealed by sealing resin 7.

In the outside of the packagg, the positions of the leads

on the left and right sides are shifted from each other by a
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half pitch of the bus channel lines in the lateral direction.
Accordingiy. the leads on the left and right sides are
alternately connected with the bus channel 1ines 10. Moreover,
the power source/GND lead 5 and the signal lead 4 are
respectively mounted on the left and right sides on the printed
circuit board 8. At the time of fabrication of the LOC
structure, themetallic £ilm 2 1ies between the insulative film
(the polyimide film) 3 with thermoplastic adhesive and the
semiconductor chip 1.

As shown in Fig. 3, the printed circuit board 8 is provided
with the bus 9. The lead joining portion 11 ig formed on the
bus channel line 10 of the bus 9.

The bus channel lines 10 having an equal transmisgsion
length are provided on the printed circuit boards 8 with a
certain lateral pitch, which is the minimum value designed by
economical consideration. FOr the convenience of explanation;

the interval of the adjacent bus channel linee is assumed to

be 0.25 mm,

T

The signal bus channel line is positioned between the power
source and GND bus channel lines. A pitch of the powexr source
and GND bus channel lines is 0.25 mm x 2 = 0.5 mm. 0.5mm is
the minimum pitch, at which re-flow mounting method is
applicable accofding to the technology in 1997. The re-flow
moun;ing method at this pitch shows high actual results in Quad

Flat Package,

As mentioned in the above, since the positions of the leads



10

15

20

25

“12.

on the left and right sides in the outside of the package are
shifted by a half pitch £from each other, each lead
joining-portion 11 can be easily secure an area therearound
and the area occupied by the lead can be reduced, so that the
semiconductor device can be small-sized.

A package containing a semiconductor chip 1 therein is
electrically connected with the lead joining portion 11 on the
bus 9 on the printed circuit board 8. The lead joining portion. |
11 is formed as foilows. A hole with a predetermined diameter
is made on a insulative film, such as photosensitive polyimide
film, formed on the bus channel line 10 (a 18 &m thick Cu £ilm)
by means of photolithography, and the bus channel line is
exposed and a 1 to 10 Um thick Sn plated layer is formed
thereon. |

The width of the leads 4 and 5 of the package of the
semiconducetor chip 1 to be electrically connected with the bué
channel lines are made to be nearly the same as that of the
bus channel line 10. 1In case that the pitch of the bus channel

1)

lines 10 is 0.25 mm and the width thereof is 0.15 mm, the

clearance between the adjacent bus channel lines ig 0.1 nmm,
so that the width of the lead should be about 0.1 mm.
Material of the lead frame forming the leads 4 and 5 of
the package is a metallic plate (42 alloy or Cu alloy) with
a thickness . less than 0.1 mm. The lead frame is formed from
the metallic plate by the method of etching or pressing into

a predetermined shape. On the portion of the lead frame tQ



10

15

20

25

-13-

be joined with the semiconductor c¢hip 1, a 2 to 10 Km thick
Ag plated £film is formed.

an insulative film with heat-resisting propefty and low
dielectric constant, such as thermoplastic polyimide, is stuck
to the surface of the lead frame to be joined with the
semiconductor chip, which is socalled pre-taped LOC structure.

Aforementioned insulative material for the lead frame of
a DRAM of LOC structure is a polyimide film, to which
thermoplastic polyimide is applied. However, in the
electronic device used for high bit rate transmission,
electromagnetic noise radiated from other electronic
equipment or a semiconductor chip in the same personal computer
is apt to induce a noise current, which is transms;.tted along
the bus chaanel line, such as a signal line or a power source
line. Then, in the aforementioned polyimide film stuck to the
lead frame, a metallic film 2 is previously stuck to a surfacé
of the pélyimide film, which opposes to the lead frame.
According to the structure, since themetallic £ilm 2 lies under
the signal and power source leads, external radiation of
electromagnetic¢ wave can be suppressed.

The semiconductor ¢hip 1 is stuck to the lead frame of
LOC structure, and the semiconductor chip 1 is electrically
connected with thle leads 4 and 5 of the lead frame by bondiag
wires (Au wires) 6. Thereafter, the external shape of the
package ig formed by means of transfer mold technology. Then,

the lead appearing in the outside of the package is transformed
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into a shape for reducing thermal stress, such as gull-wing,
Jd or S shape, by metallie mold, and the leads of the package
to be joined by soldering are completed. The leads 4 and s
are soldered to the joining portions 11 on the bus channel lines
10 in the bus 9.

The effect of electromagnetic wave is further reduced by
adopting a new sealing method in stead of transfer molci
technology. The new sealing method is as follows. After the
lead frame of LOC structure is stuck to the semiconductor chip
1 and wire bonding by Au wires 6 is over, a member, which is
obtained by applying ligquid underfill material to a carrier
tape (thermoplastic polyimide and B stage epoxy reéin) is stuck
to.the metallic £ilm 2. According to this method, the effect
of external electromagnetic wave incident on the device can
be more effectively shielded.

In case that a flexible printed circuit board for mountiné
the aforementioned packages is adopted, at least two memory
devices are mounted on a memory bus. which is composed of bus
channe‘l lines arranged in parallel with each other with a
lateral pitch of 0..25 mm. As shown in Pig. 4A (a planar view)
and Fig. 4B (a side view), in a case of a memory module, 8 to
9 memories 40 according to the invention are mounted on one
surface of the printed circuit board, and 16 to 18 memories
on both the surface. 1In case that 64 M DRAMs are mounted, the

memory capacity is 64 MB or 72 MB for one surface, and 128 MB

or 1.42 MB for both surfaces.
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' fn case that a flexible printed circuit board is adopted,
the 18 memories 40 according to the invention are mounted on

one surface of the flexible printed circuit board 8 at the

" maximum, and as shown in Fig. 5B, the flexible printed circuit

boaxrd is bent by 180 ° at the middle portion 8A thereof
(enclosed in a circle).

Accozxding to this method, since the number of through holes
can be decreased, and the flexible tape can be easily
fabricated. |

The input and output portions of the printed circuit board
8 mounting the LSI packages thereon are joined by a connector
terminal 20. In this case, it is advisable to use a narrow
pitch connector 8A for the flexible printed circuit bpard in
stead of a plug in connector and shorten the length of wiring
of the cox_mect'ing portion of the connector terminal 20. The
lateral pitch of the bus channel lines on the 'flexible-printec.l
circuit board is 0.25 mm as shown in Fig. 5A.

It is more effective for suppressing noise to directly

1

mount a memory-controller IC and a MPU device on the memory
bus in‘addition to the memory devices.

As shown in Fig. 6, a magnetic circuit shown by an arrow
is generated by an electric current on the lead (a signal line)
4, and amagnetic flux corresponding to a permeability of medium
including a meta'l"lic film 2 is generated. In case that there
is no ferromagnetic substance in the circumference, the

specific permeability is regarded as 1. As shown in Fig. 7.
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an eddy current arises omn the surface o: the ﬁetallic film 2
in a direction to decrease the magnetic flux, and'théreby the
magnetic flux density is decreased. A following re;ation
given by equation (1) holds between the signal current on the
lead 4, the magnetic £lux in the circumference and the eddy
current Is in the metallic £ilm 2. .

1s oc 0 X dd/de (1)

In the equation (1), Is is the eddy current, 0 is an
electric conductivity of themetallic film2, ¢ is themagnetic
£lux (= {§ B'nds = Lo §§ H-ndS), B is the magnetic flux density,
n is a unit vg;:tor in the normal direction, H is a magnetic
field (§cH-ds = I) and I is a signal current on a signal line.

According to thé equation (1), the following
characteristics (A) to (D) become clear.

(A) There is no necessary for setting the potential of
the metallic plate 2 at a particular value, to the leads, an&
the eddy current effect can be obtained only by setting the
metallic film 2 close to the leads. Fig. 8 shows the decrease
of the; self inductance caused by the eddy current. Fig. 7 shows
the distribution éf the eddy current om the metallic film 2
obtain by a computer simulation.

In the conventional method, there was necessity to set
the potential of the metallic film 2 at a predetermined value,
such ag the ground potential or the power source-voltage in

order to make a return current with respect to a current on

the lead (the signal line) 4 flow through the metallic film
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2. Since the return-current flowed in the direction opposite
to'th;t of the current on the lead frame, the conventional
method ﬁade use of the decrease of the effective inductance,
which was derived in consideration of the mutual inductance.
In other words, the conventional technology expected the
decrease of the effective inductance caused by the return
current, but the present invention expects the decrease of the
self inductance caused by the eddy curreat. Accordingly, in
the present invention, the potential of the metallic £ilm 2
can be selected at will, and there is né necessity for setting
its potential at a part;cular value.

(B) The decrease of the inductance becomes noticeable as
the metallic £ilm 2 approach the lead 4 (Fig. 9). Fig. 9 shows
the inductance measured at 100 MHz for both cases that the
metallic fiim'z exists and does not exist.

(C) The self inductanc¢e decreases as the frequencf
increases (Fig. B);

(P) The self inductance decreases as the conductivity of
the metallic film 2 increases (Fig. 10). Fig. 10 shows the
frequency characteristic of the gelf inductance, where the
conductivity of the metallic film 2 is shown as a parameter.

The eddy current is reduces the magnetic £lux density shown
as the arrow in Fig. 6, which reduces the inductance. By the
same reason, a inductive noise of a magnetic flux density having
the component of the direction ¢f the arrow is reduced also.

In order to produce satisfactory results, basic data of
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design are limited as follows.
(a) Material of the metallic film 2 is metal with high
conductivity, such as Cu, Al, Au, Ag or Cr, or alloy, main
component of which is above mentioned metal. Specific
resistance of metal should be lower than 30 £ Qecm.
(b} The distance between the lead and the metallic £ilm 2 is
less than 150 Um. In order to chieve magnetic flux.reducing
effect, there should be some limitation on the aforementioned
distance, but the maximum distance is set to be less 150
Hm in consideration of a thickness of a dielectrie layer of
a TAB tape carrier to be used therefor.
{c} The supposed freéuency corresponds to that used in a high
bit rate transmission line for the digital circuit. It is
necessary to transmit a digital signal with a clock signal
suited for the. internal circuits of a MPU on a printed circui;
board for connecting an ASIC (an Application Specific Internal
Circuit) with a DRAM semiconductor chip, a printed circuirt
béard’for connecting a MPU with a semiconductor chip set and
a data bus for connecting external terminals of a semiconductor
chip in a package with lead terminals.

Tables 2 and 3 show the lengths of the leads for signal
and power-source lines and thei:.: self inductances derived by
approximate calculation for both cases that the metallic film

does not exist and exists. Tables 4 and § show the lengths

of the leads shown in both columns and corresponding delay times .

of transmission signals. The unit of the self inductance in
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tables 2 and 3 is nH/mm, and the unit <'>f the signal delay time
in tables 4 and 5 is p sec (10! sec.).

As shown in tables 2 and 3, the length of the lead is 1
to 2 mm and the corresponding self inductance is 1 to 2 nH/mm
in case the metallic £ilm does not exist, but this value is
reduced by half in case that the metall_ic filmexists. As showr_x
in tables 4 and 5, deviation of delay times of the leads
concerned with the packaQe is 1 to 20 p' sec, and since the delay
time of the control lead is controlled by a solder ball
connected therewith, it be comes clear that the deviation of
the delay time is kept within 3 p sec., (See the first or second

column of. the deviation from the minimum delay time).



TABLE 2 LEAD LENGTH AND CORRESPONDING SELF INDUCTANCE(CALCULATED)

o

SELF INDUCTANCE IN CASE THAT

FELF INDUCTANCE IN CASE THAT
METALLIC FILM DOES NOT EXISTS METALLIC FILM EXISTS
DEVIATION FROM
\O LEAD LENGTH(mm) AVERAGE LEAD LENGTH(mm) {nH) {nH)
SIGNAL/ POWER-SOURCE SIGNAL/ POWER-SOURCE SIGNAL/ POWER-SOURCE SIGNAL/ POWER-SOURCE
CONTROL LINE /GND LINE CONTROL LINE JGND LINE CONTROL LINE JGND LINE CONTROL LINE /GND LINE
1 2.1465 0.02316 215 1.07
2 1.3112 0.03660 1.31 0.66
3 . 2.1448 0.02146 2.14 1.07
4 1.2902 0.01560 1.29 0.65
5 2.1246 0.00126 2.12 1.06
6 1.3087 003410 . 131 0.55
1 2.1092 -0.01414 2.11 1.05
8 1.2930 0.01840 1.29 0.65
g 2.04117 ~0.08164 2.04 1.02
10 1.2258 -0.04880 1.23 0.61
11 2.0264 ) -0.09694 2.03 1.01
12 1.2105 -0.064 10 1.21 061
13 2.0500 ~-0.07334 2.05 1.03
14 1.1948 -0.07980 1.19 0.60
15 2.0338 -0.08954 2.03 1.02
16 1.2085 -0.06610 : 1.21 0.60
17 1.9957 ' -0.12764 2.00 1.00
18 1.0850 -(.18960 1.09 0.54
18 - . 2.3283 0.20496 2.33 1.16
20 1.2618 -0.01270 1.26 0.63
21 . 2.0947 ~0.02864 2.09 1.05
22 1.1509 -0.12370 1.15 0.58
Center
23 1.1807 -0.09390 1.18 0.59
24 - 20077 -0.11564 2.01 : 1.00
25 1.2234 -0.05120 . 1.22 0.61

.oz-




TABLE 3 LEAD LENGTH AND CORRESPONDING SELF INDUCTANCE(CALCULATED)
SELF INDUCTANCE IN CASE THAT

SELF INDUCTANCE IN CASE THAT

VETALLIC FLM DOES NOT EXISTS|  METALLIC FILM EXISTS
DEVIATION FROM '
\o LEAD LENGTH(mm) AVERAGE LEAD LENGTH(mm) (nH) (oH) .
STORACT—TPOWER-S0URE]— SGNAL/ _ [POWER-SOURCE| _ SGNAL/ _ |POWER-SOURGE[  SIGNAL/  IPOWER-SOURCE
conoNst] g [POWER SONRE| CONTROLLINE | — /GNDLINE | CONTROL LINE | /GND LNE | CONTROLLINE |  /GND LINE
76 50658 0.06754 2,06 .03,
77 12967 0.04750 173 061
28 - 77067 001664 711 7.05
29 13722 ~0.00240 . 127 054
30 70085 0.62464 710 708
31 12950 0.02040 T30 055
32 71113 0.01204 571 108
33 12822 0.00760 178 0564
34 51337 001036 773 1.07
3% 13946 0.02000 125 055
3% 2.1708 j 001244 70 106
37 13703 003570 KT 066
38 77262 0.00286 213 706
39 19877 501760 : 178 0.64
40 71415 001816 514 i07
a0 13025 5.02750 130 055
47 73081 0.08576 371 110
23 13697 0.00460 137 058
a4 52244 0.10106 579 130
45 13853 511070 139 063
I T 33067 . 0.06288 291 — 1.10
47 14056 013100 T4 070
48 39973 0.10396 773 KL
49 14897 031510 149 074 -
50 55985 0.10516 553 K
Verredl 12746 21233 0.0000 ~5.0000 177 XP) 064 1.06
MIN 1.0850 15957 018060 | . -0.12764 1.09 200 0.54 1.00
MAX 14897 23283 091510 0.20496 149 233 0.74 116

.Iz-



TABLE 4 LEAD LENGTH AND CORRESPONDING PULSE TRANSMISSION-TIME

o TRANSMISSION TIME FROM .
STANDARD POINT OF CIRCUIT DEVIATION FROM -
LEAD LENGTH(mm) LENGH OF LEAD FROM STANDARD BOARD AS FUNCTION OF LEAD MINMUM DELAY TIME(psec)
NO POINT ON CIRCUIT BOARD (mm) LENGTH(psec)
SIGNAL/ POWER-SOURCE | COLUMN | COLUMN | COLUMN | COLUMN | COLUMN | COLUMN coLumy [corumn| { COLUMN | COLUMN | COLUMN, } COLUMN | -
CONTROL LINE /GND LINE 1 2 3 4 | 2 a 4 ] 2 3 4

] 2.1465, J3.542 38.8 27.2
2 1.3112 2.792 284 16.8

3 2.1448 0.000 12.4 0.8

4 1.2802 0.750 13.0 14

5 2.1246 ' 3.542 38.7 211
6 1.3087 2.792 28.4 16.8 )

1 2.1092 0.000 12.2 0.6

8 1.2930 0.750 13.1 1.5

9 2.0417 3.542 38.2 26.6
10 1.2258 2.792 27.90 16.3

11 2.0264 0.000 11.7 0.1

12 1.2105 0.750 : 12.6 1.0

13 2.0500 3.542 38.3 26.7
14 1.1948 : 2.792 21.7 16.1

15 2.0338 0.000 11.8 0.2

16 1.2085 0.760 12.6 10

17 - 1.9957 3.542 38.0 26.4
18 1.0850 2.792 271.1 16.5

19 2.3283 0.000 13.5 1.9

20 1.2619 0.750 . 129 1.3

21 2.0947 3.542 38.5 26.9
22 1.1509 2.792 215 1489

Center )

23 1.1807 0.150 124 0.8

24 | 2.0077 0.000 . 11.6 00

25 1.2234 2,792 21.9 15.5

-zz-




TABLE 5 LEAD LENGTH AND CORRESPONDING PULSE TRANSMISSION TIME

TRANSMISSION TIME FROM
' . : STANDARD POINT OF CIRCUIT DEVIATION FROM
LEAD LENGTH(mm) LENGH OF LEAD FROM STANDARD BOARD AS FUNCTION OF LEAP MINIMUM DELAY TIME(psec)
NO : POINT ON CIRCUIT BOARD (mm) . LENGTH(psec) | .
SIGNAL/ POWER-SOURCE] COLUMN ] COLUMN | COLUMN | COLUMN | COLUMN | COLUMN | COLUMN | COLUMN § | COLUMN | COLUMN | COLUMN COLUMN
CONTROL LINE /GND LINE 1 2 3 4 1 .2 3 4 1 2 3 4

26 2.0558 3.542 38.3 26.7

21 1.2267 0.750 12.7 1.1

28 2.1067 0.000 12.2 0.6

29 1.2722 2.792 282 15.8

30 ~2.0985 3.542 38.5 269
31 1.2950 0.250 13.1 1.5

32 21113 0.000 12.2 0.6

33 1.2822 2.792 : 28.2 15.8

34 2.1337- 3542 . 38.7 27.1

35 1.2946 0.750 13.1 1.5

36 2.1108 0.000 12.2 0.5

37 1.3103 2.792 284 16.0

38 2.1262 3.542 38.7 271

39 1.2872 - 0.750 13.0 1.4

40 2.1415 0.000 12.4 0.8

41 1.3025 2.792 28.4 169

42 22091 3542 39.2 27.6.
43 1.3692 0.750 135 1.9

44 2.2244 0.000 12.9 1.3

45 1.3853 .2.792 288 16.4

46 - 2.2062 - ... 1 3542 . 39.2. 278
47 1.4056 : 0.750 13.7 2.1

48 : 2.2273 0.000 | 12.9 1.3

49 1.4897 2,792 294 17.0

50 2.2285 3.542 393 21.1

AVERAGE) 1.2746 2.1233 12.3 13.0 28.2 38.6 0.7 1.4 16.1 27.0

MIN 1.0850 1.9957 11.6 12.4 271 38.0 0.0 0.8 155 264
MAX 1.4897 2.3283 13.5 13.7 294 39.3 1.9 2.1 17.0 217

-cz-
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Recently, the data transmission with the clock signal of
100 MHz to 1 GHz is regarded as important. In a sinusoidal
signal, the frequency of 10 MHz to 15 GHz must be taken into
consideration. Since, in the frequency region lower than
10 MHz, the magnetic flux - reducing effect by the eddy curreat
Is is not so noticeable, the aforementioned lower. frequency -
is beyond the scope of the present investigation.

There is a 1ate:‘mentioned.relation.between the ¢lock an&
sinusoidal signals, and a rise-up portion or a fall-down
portion of the clock signal closely relates tonoise generation.
The wave form of this portion is analised into sinusoidal signal
components by Fourier expansion, and a sinuscidal component
with the maximum amplitude is regarded as the fundamental
component. The aforementioned frequency range is set up by
taking the tenth harmonic thereof into consideration at the
maximum. |

Next, causes of the noise in the high frequency region
will be explained referring to Fig. 11. Fouxr kinds of causes
of noise mentioned later can be enumerated. 1In £ig. 11, 100
is an example of a transistor circuit in the semiconductor chip.
1) vVariation of a power source potential and vériation of
a ground potential,

Variatiﬁn of a ground potential has been called ground
bouncing, and investigated separated from that of a power

gource. It results from the fact that allowance of the

variation of the ground potential has been more strict thag
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that of ,the power source, but these phenomena are caused by
the same reason (Fig. 12). Fig. 12 shows the variations of
the margins of the power source and ground potentials for an
operation of a transistor, when the power source voltage is
changed from 5 Vv to 3 Vv,

In a circuit shown in Fig. 13, when currents on several
lines flow into the same power source and the same circuit,
potentials of terminals of the semiconductor chip 1 are not
the inherent power sourcé and ground potentials, but potentials
determined by the inductances of the lines and the current
flowing therethrough. on this problems, following
countermeasures can be considered.

(1) Multiple power source and grounding circuits are provided
in order to distribute the currents flowing theretﬁrough and
avoid the situation that the currents concentrates in a
particular circuit, By the reason mentioned in the above, in
the first preferred embodiment, one or two signal lines are
provided with a ground line and a power source line.

*

(2) The inductances of the power source and ground lines should

be reduces, It.is one method for reduecing these inductances
to shorten the lengths of these lines. Moreover, another
method is that a metallic £ilm (an electromagnetic shielding
£ilm) 2 is set close to these leads, and the effect of the eddy
current is utilized as shown in the fizst preferred efibodiment.

2) Cross-talk noise (a phenomenon similar to cross-talk in

a telephone line)
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There are two kinds of crosgs-talk noige, one is inductive
noise and the other is passive noise.

Noise of two kinds are simultaneously generated in some
cases, and it is difficult to separated them from each other.

(1) Inductive cross-talk noise.

A magnetic flux generated by a current flowing through
a2 line interlinks with an adjacent line, and a counter e.m.f.
V is generated therealong. In- this phenomenon, a mutual
inductance M therebetween plays a dominant role. Since the
eddy current Is generated in the metallic film 2 set closed
the leads reduces the magnetic flux generated by an ianducing
line, the mutual inductance M is noticeably reduced. In the
first preferred embodiment, when the metallic fil;n 2 is set
close to the leads, the measured mutual inductance M is in the
order of 0.1 as compared with that in the ordinéry case. The
eddy current Is generated in tﬁe metallic £ilm 2 not only
suppress intrusion of external noiée, but also suppress leakage
of internal noise generated in an inner circuit {Pig. 14). As

L)

shown in Fig. 14, in case that a current 1 flows in a signal
line 1' (corresponding to a signal lead 4 in Fig. 1) & counter
e.m.f. V = jwMI arises in a signal line 2' (corresponding to

a signal lead 4 in Fig. 1).
.(2) Capacitive cross talk noise

Because of partial capacitance ¢,, €, and C, between lines,
a noise voltage arises on the adjacent line by capacitive

voltage dividing. Noise voltage is determined by a capacitive
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voltage, dividing ratio, which is derived from the ground
capacitance Cgand the partial capacitances C;, C,; and C, between
the lines. If the partial capacitances C;, C, and C, are very
gmall as compared with the ground capacitance ¢, the capacitive
cross talk does not iecome a serious problem (Fig. 15). As
shown in Fig. 15, in case that a pulse current flow on the signal
line 1', a capacitively divided voltage given by egquation (2)
arises on the signal line 2°',

Vap= (Cg#+Cy) {Cy+Ca+Cg) / {€ X (€3+C0) ) X vy (2)

In case that ¢, €c,, V;;, the capacitive cross talk noise
does not become a serious problem.

As mentioned in the above, since the eddy current Is, which
flows in such a direction that the flux generated by the current
I on the lead ¢ is reduced, arises on the metallic film 2 set
close to the leéad 4, the inductances of the lines (the self
inductance of the lines and the mutual inductance between the
lines) and the inductive cross talk therebetween can be reduced,

Accordingly, transmission speed of signals and data can be

A}

increased.
3) Reflection noise
Reflection noise is caused by reflection of a signal
occurring at a point where a characteristic impedance of the
line is changed. Since the reflected wave returns to a sending
end, the signal is distorted similarly to the cage that noise
is superposed thereon. Moreover, since the reflected signal

component does not reach a receiving end, the transmitted
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signal is distorted also. 1In case that the frequency is high
and the line must be treated as a distributed element line,
reflection noige become a problem. In the frequgncy'range
16 MHz to 15 GHz, which is rxegarded as important in the
invention, this phenomenon become a problem in case that the
line length becomes several mm. In a semiconductor ¢hip lwith
a extremely short wiring length, there is no necessity taking
reflection noise into consideration. |
Reflection noise become an issue in a transmission line
on the printed ecircuit board. The structure of the printed
cizrcuit board is designed so that the characteristic impedance
of a line ié kept to be constant. It is difficult to devise
a countermeasure in a wiring in a package, and the length of
this wiring is several mm. The phenomenon canbe qualitatively
undexstood by a lumped -element circuit consideration to some .
extent, but in oxder to analyse the problem guantitatively,

an analysis based on a distributed element

line is necessary.

3

It is wvery important to understand the propagation

velocity and the transmission time of the signal., In the

.embodiment 1, since insulative material of the line is

polyimide, dielectr;c constant of polyimide determines the
propagation velocity of the signal. Table 6 shows the
propagation velocity and the transmission distance of the

signal. Data are computed assuming that the lighf velocity

is (2,998 E+1i1) mm/sec.
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If the signals, which start at the same time and transmit
through the different line, reach the input terminals of the
semiconductor chip at different times, timings of operation
of the transistors in the semiconductor chip are different from
each other, which becomes cause of miss operation, hence this
phenomenon is treated a kind of noise. It is necessary th;t
this phenomenon is strictly controlled as the frequency

increases. Particular attention should be payed on the signal

lines and the controlling circuits,
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TABLE 6 TRANSMISSION DISTANCE AND DELAY TIME (CALCULATED)

DIELECTRIC - -
.CONlS’1E'ANT OF TRANSMISSION DISTANCE DTE|'MAEY
INSULATIVE FiLM , _

TR&EJLSSA&?%ON 2.5 nsec | 0.1 nsec 10 psec: | 1mm LENGTH

30 1.731E+11 mm/sec | 433mm | 17 mm 1.73 mm | 0.0058 nsec
35] 1602E+11 mm/sec | 401 mm | 16mm | 1.60mm | 0.0062 nsec
40| 1.499E+11 mm/sec | 3756 mm | 15 mm 1.50 mm | 0.0067 nsec
50 | 1.341E+11 mm/sec | 335mm | 14mm | 1.34mm | 0.0075 nsec
551 1.278E+11 mm/sec | 320 mm [ 13 mm 1.28 mm | 0.0078 nsec
6.0 | 1.224E+11 mm/sec | 306 mm 12 mm 1.22 mm | 0.0082 nsac
65| 1.176E+11 mm/sec | 294 mm | 12 mm 1.18 mm | 0.0085 nsec
7.0 | 1.133E+11 mm/sec | 283 mm | 11 mm 1.13 mm -| 0.0088 nsec

(LIGHT VELOCITY IS ASSUMED TO BE 2.998 E+11 mm/sec)
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{(The second preferred invention)

Fig. 16 approximately shows the structure of a:DRAM memory
of LOC structure according to the second preferred embodiment
of the invention.

As shown in Fig. 16, the DRAM of LOC structure according
to the second preferred embodiment of the invention is an
improvement of that according to the first preferred embodiment,
in which a metallic film (an electromagnetic shielding film)
2b is further provided directly overhead the aforementioned
leads 4 and S via a polyimide layer 21. In other words, the
leads 4 and 5 are sandwiched between the metallic £ilms 2a and
2b, and an effect of the electromagnetic wave can be further
reduced. In Fig. 16, bonding wires are omitted.

(The third preferzred embodiment)

Fig. 17 is a cross-sectional view for showing an outline
of a structure of a DRAM memory of LOC structure according to
the third pfeferred embodiment of the invention.

As shown in Fig. 17, a DRAM of LOC structure according
to the‘third preferred embodiment is an improvement of that
according to the first preferred embodiment from the aspect
of a device for suppressing electromagnetic wave. A sum
lengths of leads 4 and 5 are nearly the same as:that of a
semiconductor chip 1 and the effect of electromagnetic wave
is reduced by the semiconductor chip 1 and a metallic £ilm 2

(a electromagnetic shielding layer)L The structure shown in

Fig. 17 is inferior to that shown in Fig. 16 from the aspect
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of shielding from electromagnetic wave, but suited for
small-sizing the LOC structure.
(The fourth preferred embodiment)

Fig. 18 is a planar view of a CSP type - DRAM of BGA and
LOC structure according to the fourth preferred embodiment of
the invention.

Fig. 19 is a enlarged diagram for shown an important paft
of Fig. 18, Fig. 20 is a cross-sectional view of Fig. 19 in
B-B' c¢ross-section,. and Fig. 21 is a disassembled cross-
sectional view for showing a electromagnet:.c wave- suppress;ng
device shown in Fig. 20. In Figs. 18 to 21, 31 is a solder
ball, 32 is a lead in a2 CSP type - DRAM package of a BGA structure
{(a Cu film), 33 is a polyimide film (an insulative £ilm) on
which solder ball-mounting holes are formed, 34 is adhesive
formed of resin of epoxy series, 35 is a solder ball-mounting
hole, and 36 is thermoplastic adhesive formed of th:emoplastiﬁ
polymer or B stage epoxy resin.

As shown in Figs. 18 to 21, a CSP type.DRAM of BGA structure
is for‘med into a micro BGA package used in a high speed memory,
and external terminals of the semiconductor chip are foxrmed
on one surface of the semiconductor chip. The b;onding pads
1A of the semiconductor chip are positioned at the central
portion of the main surface thereof. As shown in f‘igs. 20 and
21, the main surface of the semiconductor chip 1 is covered
with a metallic film (an electromagnetic shielding film) 2 via

thermoplastic adhesive 36 except the region of the bonding pads
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1, and the metallic £ilm 2 is covered with an insulative film
{polyimide £3ilm) 3. The leads 32 for a signal and a power
source/GND are formed on the insulative £ilm 3 via adhesive
34 formed of epoxy resin, and the terminal pc;rtion of the lead
32.15 electricaily connected with the bonding pads 1A on the
main suxface of the semiconductor chip 1.

A p.olyimide film (an insulative £ilm) 33, on which holés
for mounting so;l.der balls are made, is stuck to the
aforementioned leads 32 by means of adhesive 34, and the soldexr
ball 31 is éet on a solder ball-mounting hole 35. The solderx
balls 31, which are electrically donnected with the signal lead
32, are positioned at the left side, and the power source/GND
soldexr balls 31 connected with the power source/GND leads 32
on the right side. the positions of the signal solder balls
and those of the power source/GND balls are shifted from each
other in the longitudinal direction by a half pitch.

As mentioned in the above; in the arrangement of the soldex
balls 31 shown - Fig. 18, the leads 32 s_ta::ting from the bonding
pad o;c' the semiconductor device can be easily provided and the
.1ength of the 'wiring in the package ¢an be shortened similarly
to the case of the first preferred embodiment.

Moreover, since the metallic film 2 is provided between
the lead 32 and the semiconductor chip 1 via the insulative
film 3, the situation that noise is superposed on signals, such
as a driving voltage and a clock signal on a transmission line,

can be avoid’ed.. Purthermore, since the inductance of the
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signal line ¢an be reduced by setting the metallic film 2 ¢lose
to the signal line, transmission speed of the siénal or data
can be increased,

Table 7 shows an example of the arrangement o£ the solder

ball terminals in a BGA package on a CSP type.
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TABLE 7 EXAMPLE OF ARRANGEMENT OF BALL TERMINALS OF CSP TYPE-BGA PACKAGE

COLOUFMS‘OM"@ER BALL TERMINAL OF © BALL TERMINAL OF
PORTION-OF CHPP SIGNAL/CONTROL LINE POWER-SOURCE/GND LINE
TERMINAL COLUMN 1 COLUMN 2 COLUMN3 __|°  COLUMN A
1 — = 8cK
2 VDD
3 DG8
4 baz
b CMD
5 — aND
7 D6
8 a5 :
9 GND
10 VDD
1 D4
2 033
13 VoD
14 —GND
5 baz '
16 . bar
17 Vierm
18 GND
19 Da0_
20 CTMN .
2] ’ Vraf
22 CFMN
23 CIM
24 a3
25 CFM =
26 VDDa
77 RQT
28 RQ2
79 GNDa
30 . VoD
31 Rag
32 Da7
33 - VDD
34 GND
35 DQ0
36 0a3
37 GND
38 VDD
39 DQZ :
30 Qs
41 VDD
42 GND
43 - DO4
44 DQ7
45 GND
48 : Sin
47 DG6 :
48 DQ8
49 V0D
50 : . Sout
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In table 7, ball terminal DQO to DQ8 are data terminals,
and the same RQl to RQ3 are column access controlzterminals.

Next, an analysis of noise by a computer sim\;}lation for
the case o-f a2 BGA package of a CSP type according to';. the fourth
preferred embodiment will be explained. Figs. 222 e:_tnd 22B show
the condition of the computer simulation for the case that a
pulse is transmitted on the line in a paékage. Fig. 22A shows
2 signal transmission lines in the package, and Fig. 22B shows
the waveform of the transmitted pulse. Figs. 23A and 23B show
the results of the computer simulation for the cas.:e of a BGA
package of a CSP type, Fig. 23A shows the waveform of the pulse
in case that the pulse is transmitted from a Rambi:s channel
to the semiconductor chip, and Fig. 23B shows the waveform of
the pulse in case that the pulse is transmitted from the
semiconductor 'chip to the Rambus channel.

In Fige. 22a and 22B, a DRAM is used as the 'sem:i_.conductor
chip 1, and MDS (Micr$ Design Sysﬁem) software is applied with
a modification so tl?at the leads 4 and 5 on the pé.ckége are
fitted for the practical case. 37 is a pulse generator, R is
a resistor (25Q) and 38 is a DC power souxce. Vgeyq s Vagp; and
Vpy are input voltages on the lead on the package. Verzor Vaas
Voeior Vpo and Vy are input voltages of the semiconductor chip

(DRAM) 1.

In Figs. 23A and 23B, V, is a ground potential, Verior Veeyir

Vegzor and Vg, are cross talk noises on the signal lines

adjacent to a signal line, on which the pulse is transmitted,
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Vy,o and V,; are respectively waveform distortions caused by
reflection and signal delay. V43 is a power sour;ce voltage,
Fig. 23A shows the waveforms for case that a signal pulse is
transmitted from the Rambus channel to the chip, and Fig. 23B
shows those for case that the signal pulse is transmitted from
the ¢chip to the Rambus channel. The 1en§t1@ of the:lead in the
package is.assumed to bhe 4 mm” for both the cases.
(The fifth preferred embodiment)

;Fig. 24 is a planar view for showing a CPS type - DRAM
of BGA and LOC structure according to the fifth preferred
embodim.ent of the invention.

As shown Fig. 24, the CPS type - DRAM of BGA and LOC
structure accordiné to the fifth preferred embodiment of the
invention can be obtaaj.ned by shifting the solder balls in the
first and fourth columns in the fourth prefefreq embodiment
from those in the second and third columns by a half pitch in
the longitudinal -direction. According to the configuration
shown in Fig. 24, wiring can be simplifiéd, and the length of
the leads to the solder balls in the first and fourth column

can be shorted though the effect is =mall.
{(The siith preferred embodiment)

Figs. 25 and 26 sh.ow a planar view for explaining the
outline of the structure of the electronic device, which mounts
CSP -type DRAMs of BGA and LOC structure th'ereon. 40 is a memory
aqcording to the invention, 41 is a printed circuit board

provided with plural bus channel lines 413, 42 is a micro
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processor (MPU), 43 is a memory controller and 44 is a solder
ball.

As shown in Fig. 25, in the electronic device ac;ording
to the sixth preferred embodiment of the invention, the MPU
42,'the meﬁory cbntroller 43 agd the plural memories 40 are
mounted on the printed circuit board 41 provided with the plural
1inearbuschannel1ines41runninginparallelwitheachother.

As shown in Fig. 26, the pitch of the bus channel lines
is 0.25 mm or 0.375 mﬁ, and the pitch of the solder balls 44
electrically connected with thg leads of the éfcrementioned
memories 40 is 0.5 mm or 0.75 mm.

The solder balls 44 of the aforementioned memories 40 are
alternately connected with the bus channel lines (equal length
- lines) 41A, and the leads on the left and right sides are
shifted by a half pitch and .positioned onlthe bus channel lines
41A.

The balls 44 of the ball array on the MPU 42 angd the mémory
controller 43 are alternately connected with che.bus channel
lineé 41A also similérly to the case of the memories 40, and
the leads on the left and right sides are shifc;d from each
other by a half pitch and positioned on the bus channel lines
41A,

As mentioned in the above, since the MPU 42, the memory
controller 43, the plural memories 40 are mounted on the printed
circuit board 41, which is composed of the plural bus channel

lines running in parallel with each other and am insulative
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printed.cixcuit board, the transmission delay times of the
signal lines in the transmission line provided between the
semiconductor devices can be equalized.

Satisfactory results are experimentally c¢onfirmed from
the aspects of electrical and mechanical charactieristics on
the semiconductor memory device, in which the pitch of the bus
channel lines .is 0.25 mm or 0.375 mm and the pitch of the
external leads and that of the solder balls of a BGaA
electrically connected with the leads is 0.5 mm and 0.75 mm.

Especially, noise superposed on the driving voltage of
the electronic device or the clock signal on the transmission
is reduced, and efficiency of data processing can be improved.

Although the explanations are given on the .case of the
semiconductor memory device in the first to sixth preferred
embodimeﬁts,-it is a matter of couxse that the field of
application of the inventjon is never restricted to the

semiconductor memory device.

’ The results of the invention ¢an be summarized as follows.
(1) In the semiconductor device of LOC structure, since the
leads on the left side and those on the right =ide:-are shifted
from each other by é haif pitch, it becomes easy to provide
the lead in - the outside of the semiconductor device and the
length of the lead in the package of the semiconductor device
can be shortened.

(2) since the effect of electromagnetic wave on the

semiconductor device can be reduced by providing an
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electromagnetic shielding film, noise superposed on the
driving voltage and the clock signal on the transmission line
can be reduced. Moreover, since the inductance of the signal

lead can be reduced by setting the electromagnetic shielding

- £ilm closed to the signal lead, the transmission Speed of the

signal can be increased, and the efficiency of the data

processing can be improved,
(3)Bynmkingthebusch&nnellinesurfaceofthesemiconductor

memory device and that of the printed circuit board be opposed

to each other, the printed circuit beard can be easily

.fabricated without making through hole.

(4) By mounting the plufal semiconductor devices - (especially
the semiconductor memory device) on the printed circuit board,
which is provided with the plurai straight and parallel bus
channel lineé, each having an equal transmission.length, the
lengths of the signal lines in the bus channel lines prévided
between the semicénducotr devices c¢can be equalized.

$atisfactory results are obtained from the aspect of
electrical and mechanical | characteristics by the
semiconductor device, in which the piteh of the bus channel
lines is 0.25 mmor 0.375 mmand the pitch of the external leads
and that of the solder balls of a BGA electricaliy'connected
with the leads is 0.5 mm or 0.75 mm.

'According to the invention, noise superposed on the

driving voltage of the electronic device or the clock signal

-on the transmission line can be reduced, and the speed of the
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data prqcessing of the electronic device can be increased.

although the invention has been described wWith respect
to specific embodiment for complete and clear disclosure, the
appended claims are not to be thus limited but are to be construed
as embodying all modification and alternative constructions

that may be occurred to one skilled in the art which fairly fall

within the basic¢ teaching here is set forth.
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WHAT IS CLATMED TS
1. A semiconductor device, comprising;

a semiconductor chip; and

leads provided on said semiconduétor chip to be connected
to pads of said semiconductor chip;

wherein said leads comprise left and rightfside leads,
such that said leff side leads are arranged to be staggered
relative to said right side leads by a half pitch of said left
and right side leads. |

2. A semiconductog device according to claim 1, further
comprising;
a metallic £ilm provided between said leads and said
semiconductor chip via an insulative £ilm.
3. A semiconductor device according to claim %, wherein;
said right leads serve as signal leads, and said left leads
serve as power souxce or ground léads.l
4. A semiconductor device according to claim I, wherein;
said left leads serve as signal leads, and said right leads
serve as power source or ground leadé.
5. A semiconductor leads according €6 claim 3 or 4, Ffurther
comprising;
a metallic film provided between said leads and said

semiconductor chip via an insulative film.

6. A semiconductor device according to claim I, wherein;

each of said leads is connected with a soldéer ball in a

solder ball grid array.
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7. . A semiconductor device according to claim 1, wherein;
said semiconductor device is a semicondué:tor memory

device. |

8. A semiconductor device according to claim i, wherein;
each of said leads on said semiconductor device is opposed

to a bus channel line on a bus channel line board.

- 9.. An electronic device, comprising; .

a Eﬁs channel line board having a plurality of parallel
and straight bus channel lines, each having a same length; and

semiconductor devices provided on said bus channel line
board;

wherein each of z2aid semiconductor devices has leads
connected to sa2id parallel'and straight bus channel lines, said
leads extending in opposite directions in a staggered pattern
by a half pitch of said leads. |
10. An electronic device according to Claim 9, wherein said
semiconductor devices are composed of a plurality of memories.
}1. An electronic device according to claim 9,.wherein;

said semiconductor devices are composed of

a
nicroprocessox unit, a semi:conductoz device,: a memory
controller, and a plurality of memories.
12. An electronic device according to claim 9, wherein;

an interval betweeﬁ said adjacent bus channel lines is

0.25 mm or 0.375 mm, and a pitch of external leads of said

semiconduc.tor device or solder balls of a solder ball -grid array,

each being connected with said lead on said semiconductor
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device, ,ig 0.5 mm or 0.75 mm.
13. An electronic device according to ¢laim 12, wherein:
said external leads or said solder balls of:said solder

ball grid array are arranged so that said external leads or

said solder balls are alternately connected wiith said bus

channel lines,



