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MULTI-LAYER CIRCUIT BOARD HAVING
SIGNAL, GROUND AND POWER LAYERS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a multi-layer circuit board, more
particularly to a multi-layer circuit board which can achieve
impedance matching to result in reduced high speed signal
reflection and reduced electromagnetic interference.

2. Description of the Related Art

According to industrial standards, multi-layer circuit
boards with eight wiring layers generally include the 1.2 mm
type and the 1.6 mm type. FIG. 1 shows a conventional
multi-layer circuit board with a thickness of about 1.2 mm,

which includes: first, second, third, fourth, fifth, sixth and
seventh insulating substrates (Al), (A2), (A3), (Ad), (AS),
(A6), (A7) disposed sequentially one above the other; a first
signal wiring layer (S1) disposed on one side of the first
insulating substrate (Al) opposite to the second insulating
substrate (A2); a first ground wiring layer (GND1) disposed
between the first and second 1nsulating substrates (Al) (A2);
a second signal wiring layer (S2) disposed between the
second and third insulating substrates (A2), (A3); a third
signal wiring layer (583) disposed between the third and
fourth imsulating substrates (A3), (Ad); a power wiring layer
(POWER) disposed between the fourth and {ifth insulating
substrates (Ad4), (AS); a fourth signal wiring layer (S4)
disposed between the fifth and sixth insulating substrates
(A5), (A6); a second ground wiring layer (GND?2) disposed
between the sixth and seventh insulating substrates (A6),
(A7); and a fifth signal wiring layer (S5) disposed on one

side of the seventh 1nsulating substrate (A7) opposite to the
sixth insulating substrate (A6) Each of the first, third, fifth

and seventh insulating substrates (Al), (A3), (AS), (A7) 1s
made from a polyester prepreg. Each of the second, fourth

and sixth msulating substrates (A2) (Ad), (A6) 1s made from
a fibrous core material that contains paper or glass fibers.

In addition, each of the first and seventh insulating
substrates (Al), (A7) has a thickness (H4) of about 2.5 muil.
Each of the second and sixth insulating substrates (A2), (A6)
has a thickness (H3) of about 8 mil. Fach of the third and
fifth msulating substrates (A3), (AS) has a thickness (H2) of
about 5 mil. The fourth insulating substrate (A4) has a
thickness (H1) of about 8 mil. The first signal wiring layer
(S1) has a first resistance (Rsl) with respect to the first
ground wiring layer (GND1). The second signal wiring layer
(S2) has a second resistance (Rs2) with respect to the first
ground wiring layer (GND1) and the power wiring layer
(POWER). The third signal wiring layer (S3) has a third
resistance (Rs3) with respect to the first ground wiring layer
(GND1) and the power wiring layer (POWER). The fourth
signal wiring layer (S4) has a fourth resistance (Rs4) with
respect to the second ground wiring layer (GND2) and the
power wiring layer (POWER). The {ifth signal wiring layer
(S5) has a fifth resistance (Rs5) with respect to the second
ground wiring layer (GND2). The first and fifth resistances
(Rs1), (Rs3) are about 44 ohms. The second, third and fourth
resistances (Rs2), (Rs3), (Rs4) are about 51 ohms.

FIG. 2 shows a conventional multi-layer circuit board
having a thickness of about 1.6 mm. The 1.6 mm circuit
board differs from the above-described 1.2 mm circuit board
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2

in that H4 1s equal to 9.5 mil, instead of 2.5 mil. Hence, the
first and fifth resistances (Rsl), (RsS) are about 76.4 ohms.

Due to their construction, the conventional multi-layer
circuit boards shown in FIGS. 1 and 2 have the following
disadvantages:

1. Serious High Speed Signal Reflection

According to the standard theoretical values determined
by Intel, the resistance between two adjacent wiring layers
for a circuit board during high speed signal transmission 1s
preferably within the range of 55x10% £2, 1.e., between
49.5C2 and 60.582. However, the first and fifth resistances
(Rs1), (Rs3), being about 44 ohms, of the alorementioned
conventional 1.2 mm circuit board fall outside the preferred

range recommended by Intel, and there 1s additionally a
difference of 7 ohms between the value of the first and fitth

resistances (Rsl), (Rs5) and that of the second, third and
fourth resistances (Rs2), (Rs3), (Rs4) Such a diflerence will
result 1n an impedance mismatch. Thus, when a high speed
signal 1s being transmitted through the conventional 1.2 mm
circuit board and passes from the first or fifth wiring layer
(S1) or (S5) to the second, third or fourth wiring layer (S2)
or (S3) or (S4), retlection of the signal will result, thereby
adversely affecting signal transmission. Likewise, the value
of the first and fifth resistances (Rsl), (Rs3) of the afore-
mentioned conventional 1.6 mm circuit board falls outside
the theoretical range, and there 1s a large difference present
between the value of the first and fifth resistances (Rs1),
(Rs5) and that of the second, third and fourth resistances
(Rs2), (Rs3), (Rs4). The reflection index of high-speed
signals for the 1.2 mm circuit board can be calculated as
follows:

1 —-—70 Rsl —Rs2

= 71+70 " Relsrez ~ Y

Je

The reflection mdex for the 1.6 mm circuit board can be
calculated 1mn a similar manner and 1s found to be even
higher, being 0.2. The signal retlection 1s therefore very
serious, which results in considerable distortion of the
wavelorm and poor signal quality.
(2) Weakened magnetic flux counteraction

As reflection of high speed signals will generate standing
waves, which will increase electromagnetic radiation of the
high speed signals, the magnetic flux counteraction of the
circuit board 1s weakened, thereby resulting 1n excessively
high electromagnetic interference.

SUMMARY OF THE INVENTION

Therefore, the main object of the present invention 1s to
provide a multi-layer circuit board which can achieve
impedance matching to result in reduced high speed signal
reflection and reduced electromagnetic interference.

Accordingly, a multi-layer. circuit board according to the
present invention includes: first, second, third, fourth, fifth,
s1xth and seventh insulating substrates disposed sequentially
one above the other; a first signal wiring layer disposed on
one side of the first insulating substrate opposite to the
second 1nsulating substrate; a first ground wiring layer
disposed between the first and second insulating substrates;
a second signal wiring layer disposed between the second
and third insulating substrates; a third signal wiring layer
disposed between the third and fourth msulating substrates;
a power wiring layer disposed between the fourth and fifth
insulating substrates; a fourth signal wiring layer disposed
between the fifth and sixth insulating substrates; a second
ground wiring layer disposed between the sixth and seventh
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insulating substrates; and a fifth signal wiring layer disposed
on one side of the seventh insulating substrate opposite to
the sixth insulating substrate. Each of the first and seventh
insulating substrates has a thickness ranging from 2.5 to 6.5
mil. Each of the second, fourth and sixth insulating sub-
strates has a thickness ranging from 3 to 9 mil. Each of the
third and {ifth 1nsulating substrates has a thickness ranging,
from 3 to 23 mil. The first signal wiring layer has a {first
resistance with respect to the first ground wiring layer. The
second signal wiring layer has a second resistance with
respect to the first ground wiring layer and the power wiring,
layer. The third signal wiring layer has a third resistance with
respect to the first ground wiring layer and the power wiring,
layer. The fourth signal wiring layer has a fourth resistance
with respect to the second ground wiring layer and the power
wiring layer. The fifth signal wiring layer has a fifth resis-
tance with respect to the second ground wiring layer. The

first, second, third, fourth and fifth resistances are within the
range of 49.5 to 60.5 ohms.

BRIEF DESCRIPTION OF THE

DRAWINGS

Other features and advantages of the present ivention
will become apparent in the following detailed description
of the preferred embodiments with reference to the accom-
panying drawings, ol which:

FIG. 1 1s a schematic view of a conventional multi-layer
circuit board with a thickness of about 1.2 mm;

FIG. 2 1s a schematic view of another conventional
multi-layer circuit board with a thickness of about 1.6 mm:;

FIG. 3 1s a schematic view of the first preferred embodi-
ment of a multi-layer circuit board with a thickness of about
1. 2 mm according to the present mnvention;

FIG. 4 1s a
ment 1n part;

sectional view of the first preferred embodi-

FIG. 5 1s another sectional view of the first preferred
embodiment in part; and

FIG. 6 1s a schematic view of the second preferred
embodiment of a multi-layer circuit board with a thickness
of about 1.6 mm according to the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Before the present invention 1s described 1n greater detail,
it should be noted that like elements are denoted by the same
reference numerals throughout the disclosure.

Referring to FIGS. 3 to 5, the first preferred embodiment
of a multi-layer circuit board 2 with a thickness of about 1.2
mm according to the present invention 1s shown to include:
first, second, third, fourth, fifth, sixth and seventh insulating
substrates (B1), (B2), (B3), (B4), (BS5), (B6), (B7) disposed
sequentially one above the other; a first signal wiring layer
(S1) disposed on one side of the first insulating substrate
(B1) opposite to the second insulating substrate (B2); a first
ground wiring layer (GND1) disposed between the first and
second 1nsulating substrates (B1), (B2); a second signal
wiring layer (S2) disposed between the second and third
insulating substrates (B2), (B3); a third signal wiring layer
(S3) disposed between the third and fourth insulating sub-
strates (B3), (B4); a power wiring layer (POWER) disposed
between the fourth and fifth insulating substrates (B4), (B5);
a Tourth signal wiring layer (S4) disposed between the fifth
and sixth insulating substrates (BS), (B6); a second ground
wiring layer (GND2) disposed between the sixth and sev-
enth insulating substrates (B6), (B7); and a fifth signal
wiring layer (S5) disposed on one side of the seventh
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4

insulating substrate (B7) opposite to the sixth insulating
substrate (B6). The first, second, third, fourth and fifth signal

wiring layers (S1), (S2), (83), (54), (535) are generally made
from copper coil. The first and fifth signal wiring layers (S1),
(S5) are adapted to be mounted with electronic components
(not shown) thereon. At least one of the first, third, fifth and
seventh insulating substrates (B1), (B3), (BS), (B7) 1s made

from a polyester prepreg. At least one of the second, fourth
and sixth insulating substrates (B2), (B4), (B6) 1s made from
a fibrous core material which contains paper or glass fibers.

According to the present invention, each of the first and
seventh insulating substrates (B1), (B7) has a thickness (H4)
ranging from 2.5 to 6.5 mil. Each of the second and sixth
insulating substrates (B2), (B6) has a thickness (H3) ranging
from 3 to 9 mil. Each of the third and {fifth insulating
substrates (B3), (5) has a thickness (H2) ranging from 3 to
23 mil. The fourth msulating substrate (B4) has a thickness
(H1) ranging from 3 to 9 Mil. Preferably, the thicknesses
(H4) of the first and seventh nsulating substrates (B2), (B7)
are equal. The thicknesses (H3) of the second and sixth
insulating substrates (B2), (B6) are equal. The thicknesses

(H2) of the third and fifth insulating substrates (B3), (B5) are
equal.

The first, second, third, fourth, fifth, sixth and seventh
isulating substrates (B1), (B2), (B3), (B4), (BS), (B6),
(B7), the first, second, third, fourth and fifth signal wiring
layers (S1), (S2), (S3), (S4), (S5), and first and second
ground wiring layers (GND1), (GND2), and the power
wiring layer (POWER) are press-bonded to each other to
form the circuit board 2 with a thickness of about 1.2 mm.
During press-bonding of the circuit board 2, the third signal
wiring layer (S3) and the power wiring layer (POWER) are
disposed to sandwich the fourth insulating substrate (B4).
Then, the second signal wiring layer (S2) and the third signal
wiring layer (S3) and the fourth signal wiring layer (54) and
the power wiring layer (POWER) are disposed to sandwich
the third and fifth 1nsulat111g substrates (B3), (B5), respec-
tively. The first ground wiring layer (GND1) and the second
signal wiring layer (52), and the fourth signal wiring layer
(S4) and second ground wiring layer (GND?2) are disposed
to sandwich the second and sixth insulating substrates (B2),
(B6). Finally, the first signal wiring layer (S1) and the first
ground wiring layer (GND1), and the fifth signal wiring
layer (S5) and the second ground wiring layer (GND2) are
disposed to sandwich the first and seventh insulating sub-

strates (B1), (B7) to constitute the 1.2 mm multi-layer circuit
board 2.

According to the first preferred embodiment, each of the
first and fifth signal wiring layers (S1), (55) has a thickness
of about 1.4 mil. Each of the second, third and fourth signal
wiring layers (S2), (S3), (S4), the first and second ground
wiring layers (GND1), (GND2), and the power wiring layer
(POWER) has a thickness of about 0.7 mil. In addition, each
of the third and fifth insulating substrates (B3), (BS) has a
preferred thickness (H2) ranging from 3 to 9 mil, more
preferably 6 mil. Each of the first and seventh insulating
substrates (B1), (B7) has a preferred thickness (H4) of 4.5
mil. Each of the second, fourth, and sixth insulating sub-
strates (B2), (B4), (B6) has a preferred thickness (H3, H1)
of 6 ml. The first signal wiring layer (51) has a first
resistance (Rs1) with respect to the first ground wiring layer
(GND1). The second signal wiring layer (S2) has a second
resistance (Rs2) with respect to the first ground wiring layer
(GND1) and the power wiring layer (POWER). The third
signal wiring layer (583) has a third resistance (Rs3) with
respect to the first ground wiring layer (GND1) and the
power wiring layer (POWER). The fourth signal wiring
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layer (S4) has a fourth resistance (Rs4) with respect to the
second ground wiring layer (GNDZ) and the power wiring
layer (POWER). The fifth signal wiring layer (S5) has a fifth
resistance (RsS) with respect to the second ground wiring
layer (Rs2). With the thicknesses of the insulating substrates
(B1), (B2), (B3), (B4), (B5), (B6), (B7) controlled to be
within the aforementioned ranges, the first, second, third,
fourth and fifth resistances (Rsl), (Rs2), (Rs3), (Rs4), (Rs5)
can be kept within the range o1 49.5 to 60.5 ohms to thereby
achieve impedance matching.

The calculation of the approximate thickness of each of
the 1sulating substrates (B1), (B2), (B3), (B4), (BS), (B6)
and (B7) 1s explained 1n the following description.

Firstly, the value of the first and fifth resistances (Rs1),

(RS) 1s calculated using the following Formula (1):
Rel — RS — 87 111{ 5.98H4 } 1
- Er+141 ‘08W=TI

wherein E,, 1s the dielectric coellicient and 1s equal to 4.5;
H4 1s the thickness of the first and seventh insulating
substrates (B1), (B7); W 1s the width of traces of the first and
fifth signal wiring layers (S1), (585) and 1s within the range
of 2 to 8 mil and 1s equal to 5 mil in this preferred
embodiment; and 11 1s the thickness of the first and fourth
signal wiring layer (S1), (S4) and 1s equal to 1.4 mul.
Next, the value of the second and third resistances (Rs2),
(Rs3) 1s obtained using the following Formulae (2) and (3):

rer pen L 2YZ } 7
e =R =Y 7
S 60 SH3 \
= ——— 11 g
T2
VER 10.67}1'“7[0.8 + —]
W |,
60 S(H3 + H2) 3
= In 0
VER 0.67rrW(0.8 + W]

wherein E, 1s the dielectric coeflicient and 1s equal to 4.5;
H3 1s the thickness of the second and sixth insulating
substrates (B2), (B6) and 1s equal to H1, the thickness of the
fourth 1nsulating substrate (B4); H2 is the thickness of the
third and {fifth insulating substrates (B3), (BS); 12 1s the
thickness of the second signal wiring layer (S2) and 1s equal
to 0.7 mil, which 1s also the thickness of the third signal
WIring layer (S3); and W 1s the width of traces of the second
and third signal wiring layers (S2), (S3) and 1s within the
range of 2 to 8 mil. In this preferred embodiment, W 1s equal
to 5 mal.

The value of the fourth resistance (Rs4) 1s obtained using
the following Formula (4):

e 60 A(H2 + H3) 4
S = I
T2
VER io.mnw(o.s . W]}

wherein E, 1s the dielectric coellicient and 1s equal to 4.5;
1H3 1s the thickness of the second and sixth insulating
substrates (B2), (B6); H2 1s the thickness of the third and
fifth insulating substrates (B3), (BS5); 12 1s the thickness of
the fourth signal wiring layer (S4) and 1s equal to 0.7 mail;
and W 1s the width of traces of the fourth signal wiring layer
(S4) and 1s within the range of 2 to 8 mul. In this preferred
embodiment, W 1s equal to 5 mul.

2H4+2H3+2H2+1H1+42T1+6T2=48 mil 5
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6

In addition, the total thickness of the circuit board should
be equal to 1.2 mm (equivalent to about 48 mil) or within a
tolerance range thereof, as expressed by the Formula (5).
Based on the above Formula (5), the preferred value of
thickness of each of the msulating substrates can be

obtained. That 1s, when HI1, the thickness of the fourth
insulating substrate (B4) 1s within the range o1 3 to 9 mul, H1

1s preferably equal to 6 mil. When H2, the thickness of the
third and fifth 1nsulating substrates (B3) (B5) 1s within the
range of 3 to 9 mil, H2 1s preferably equal to 6 mil. When
H3, the thickness of the second and sixth insulating sub-
strates (B2), (B6) 1s within the range of 3 to 9 mil, H3 1s
preferably equal to 6 mil. When H4, the thickness of the first
and seventh insulating substrates (B1), (B7) 1s within the
range of 2.5 to 6.5 mil, H4 1s preferably equal to 4.5 mul.
Under this condition, the first and fifth resistances (Rs1),
(Rs5) are about 38 ohms. The second and third resistances
(Rs2), (Rs3) are about 57 ohms. The fourth resistance (Rs4)
1s about 50 ohms. All of these resistance values fall within
the theoretical range of 49.5 to 60.5 ohms recommended by
Intel for high speed signal transmission. Besides, the total
thickness of the circuit board 2 fulfills the Formula (5) in

which 2H4+42H3+2H2+1H1+2T146T12=2x4.5 mil+2x6
mil+1x6 mil+2x1.4 mil+6x0.7 mil=46 mil=1.2 mm (within

tolerance range).

FIG. 6 shows the second preferred embodiment of a
multi-layer circuit board 2' according to the present mven-
tion. The circuit board 2' 1s shown to include first, second,
third, fourth, fifth, sixth and seventh insulating substrates

(B1"), (B2"), (B3"), (B4'), (B5'), (B6'), (B7"), first, second,
third, fourth and fifth signal wiring layers (S1), (52), (S3),
(S4), (S5), first and second ground wiring layers (GND1),
(GND2), and a power wiring layer (POWER), all of which
are press-bonded to each other to form the circuit board 2
with a thickness of about 1.6 mm. This preferred embodi-

ment differs from the previous embodiment in that each of
third and fifth msulating substrates (B3'), (BS') has a thick-

ness (H2) ranging from 9 to 23 mul. After a calculation based
on the above formulae, the following preferred values for
H1, H2, H3 and H4 are obtained. H1 1s preferably within the
range of 3 to 9 mil, and 1s more preferably equal to 6 Mil.
H2 1s preferably within the range of 9 to 23 mil, and 1s more
preferably equal to 16 mil. H3 1s preferably within the range
of 3 to 9 mil, and 1s more preferably equal to 6 mil. H4 1s
preferably within the range of 2.5 to 6.5 mil, and 1s more
preferably equal to 4.5 mil. As such, the first and fifth
resistances are about 60 ohms. The second and third resis-
tances are about 55 ohms. The fourth resistance 1s about 60
ohms. All of these resistance values fall within the theoret-

cal range recommended by Intel.
Accordingly, the multi-layer circuit board of the present

invention has the following advantages:
1. Reduced High Speed Signal Retflection

Since the resistances in both of the first and second
preferred embodiments all fall within the recommended
range of 5562+10%, the retlection indexes are substantially
low as compared to those in the prior art. Therefore, retlec-
tion of high speed signals can be significantly reduced to
make the circuit board highly suitable for high speed signal
transmission.
2. Reduced FElectromagnetic Interference

As a result of reduced high speed signal reflection,
generation of standing waves 1n not likely. Hence, magnetic
flux counteraction can be enhanced to reduce electromag-
netic interference to meet current EMI standards.
3. Better Adaptability for High Speed Signal Layout

In view of the aforementioned advantages, the circuit
board of this invention 1s suited for high speed signal layout
to meet the current trend 1n the industry toward high speed
signal development and to enhance market value of products

and market competitiveness.
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4. Enhanced Layout Time Efficiency

Due to impedance matching, there 1s no need to alter the
width of traces of the signal wiring layers, thereby improv-
ing the layout time efliciency.

While the present invention has been described in con-
nection with what 1s considered the most practical and
preferred embodiments, 1t 1s understood that this invention
1s not limited to the disclosed embodiments but 1s intended

to cover various arrangements included within the spirit and
scope of the broadest interpretation so as to encompass all

such modifications and equivalent arrangements.
I claim:

1. A multi-layer circuit board comprising:

first, second, third, fourth, fifth, sixth and seventh 1nsu-
lating substrates disposed sequentially one above the
other;

a {irst signal wiring layer disposed on one side of said first
insulating substrate opposite to said second insulating
substrate;

a first ground wiring layer disposed between said first and
second 1nsulating substrates;

a second signal wiring layer disposed between said sec-
ond and third 1nsulating substrates;

a third signal wiring layer disposed between said third and
fourth insulating substrates;

a power wiring layer disposed between said fourth and
fifth sulating substrates;

a fourth signal wiring layer disposed between said {fifth
and sixth insulating substrates;

a second ground wiring layer disposed between said sixth
and seventh insulating substrates; and

a fifth signal wiring layer disposed on one side of said
seventh insulating substrate opposite to said sixth insu-
lating substrate;

wherein each of said first and seventh insulating sub-
strates has a thickness ranging from 2.5 to 6.5 mil;

wherein each of said second, fourth and sixth insulating
substrates has a thickness ranging from 3 to 9 mil;

wherein each of said third and fifth insulating substrates
has a thickness ranging from 3 to 23 mul;

wherein said {irst signal wiring layer has a first resistance
with respect to said first ground wiring layer, said
second signal wiring layer having a second resistance
with respect to said first ground wiring layer and said
power wiring layer, said third signal wiring layer
having a third resistance with respect to said first
ground wiring layer and said power wiring layer, said
fourth signal wiring layer having a fourth resistance
with respect to said second ground wiring layer and
said power wiring layer, said fifth signal wiring layer
having a fifth resistance with respect to said second
ground wiring layer; and

wherein said first, second, third, fourth and fifth resis-

tances are within the range of 49.5 to 60.5 ohms.

2. The multi-layer circuit board of claim 1, wherein at
least one of said first, third, fifth and seventh insulating
substrates 1s made from a polyester prepreg.

3. The multi-layer circuit board of claim 1, wherein at
least one of said second, fourth and sixth insulating sub-
strates 1s made from a fibrous core material.

4. The multi-layer circuit board of claim 3, wherein the
core material contains paper fibers.

5. The multi-layer circuit board of claim 3, wherein the
core material contains glass fibers.

6. The multi-layer circuit board of claim 1, wherein the
thicknesses of said first and seventh insulating substrates are
equal.
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7. The multi-layer circuit board of claim 1, wherein the
thicknesses of said second and sixth insulating substrates are
equal.

8. The multi-layer circuit board of claim 1, wherein the
thicknesses of said third and fifth insulating substrates are
equal.

9. The multi-layer circuit board of claim 1, wherein:

cach of said first and fifth signal wiring layers has a
thickness of about 1.4 mil; and

cach of said second, third and fourth signal wiring layers,
said first and second ground wiring layers, and said
power wiring layer has a thickness of about 0.7 mual.
10. The multi-layer circuit board of claim 1, wherein each
of said third and fifth 1nsulating substrates has a thickness
ranging from 3 to 9 mul.
11. The multi-layer circuit board of claim 10, wherein:

cach of said first and seventh isulating substrates has a
thickness of 4.5 mal;

cach of said second, third, fourth, fifth and sixth insulating,
substrates has a thickness of 6 mil; and

said first, second, third, fourth, fifth, sixth and seventh
insulating substrates, said first, second, third, fourth
and fifth signal wiring layers, said first and second
ground wiring layers, and said power wiring layer are
press-bonded to each other to form said circuit board
with a thickness of about 1.2 mm.

12. The multi-layer circuit board of claim 1, wherein each
of said third and fifth 1nsulating substrates has a thickness
ranging from 9 to 23 mul.

13. The multi-layer circuit board of claim 12, wherein:

cach of said first and seventh isulating substrates has a
thickness of 4.5 mal;

cach of said second, fourth and sixth insulating substrates
has a thickness of 6 muil;

cach of said third and fifth insulating substrates has a
thickness of 16 mil; and

said first, second, third, fourth, fifth, sixth and seventh
insulating substrates, said first, second, third, fourth
and {ifth signal wiring layers, said first and second
ground wiring layers, and said power wiring layer are
press-bonded to each other to form said circuit board
with a thickness of about 1.6 mm.

14. A multi-layer circuit board comprising:

first, second, third, fourth, fifth, sixth and seventh insu-
lating substrates disposed segquentially one above the
other;

a first signal wiring laver disposed on one side of said first
insulating substrate opposite to said second insulating
substrate;

a first wiring layer disposed between said first and second
insulating substrates;

a second signal wiring laver disposed between said
second and third insulating substrates;

a third signal wiring laver disposed between said third
and fourth insulating substrates;

a second wiring laver disposed between said fourth and
fifth insulating substrates;,

a fourth signal wiving layer disposed between said fifth
and sixth insulating substrates;

a third wiring laver disposed between said sixth and
seventh insulating substrates; and

a fifth signal wiring laver disposed on one side of said
seventh insulating substrvate opposite to said sixth insu-
lating substrate;
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wherein each of said first and seventh insulating sub-
strates has a thickness ranging from 2.5 to 6.5 mil;

wherein each of said second, fourth and sixth insulating
substrates has a thickness rvanging from 3 to 9 mil;

wherein each of said third and fifth insulating substrates
has a thickness vanging from 3 to 23 mil;

whevrein a signal trace of said first signal wiring laver has
a first vesistance with respect to said first wiring layer,
a signal trace of said second signal wiving layer having
a second vesistance with vespect to said first and second
wiring layers, a signal trace of said third signal wiring
laver having a third vesistance with vespect to said first
and second wiring layers, a signal trace of said fourth
signal wiring laver having a fourth resistance with
vespect to said second and third wiring layers, a signal

10

10

trace of said fifth signal wiring laver having a fifth
resistance with vespect to said thivd wiring layer; and

wherein said first, second, thivd, fourth and fifth resis-

tances are within the range of 49.5 to 60.5 ohms.

15. The multi-layer civcuit board of claim 14, wherein one
of said first, second, and third wiring lavers is a ground
wiring layer.

16. The multi-layer civcuit board of claim 14, wherein one
of said first, second, and third wiring lavers is a power
wiring layer.

17. The multi-laver circuit board of claim 14, wherein
said first, second, and third wiring lavers are a first ground
wiring laver, a power wiring laver, and a second ground

wiring laver, respectively.

G o e = x
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