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Technical Field The present invention relates to a nethod of and a
system for carrying out an approxi mati on:process for ci rThi ShestHalBgaiRepladed a

distributed constant line. In particular, the present inv to
a nethod and a systemfor approximating a distributed con a

Title of the Invention

METHOD AND SYSTEM FOR

APPROXIMATING A DISTRIBUTED CONSTANT LINE

Technical Field
5 The present invention relates to a method of and a
system for carrying out an approximation process for
circuit analysis of a distributed constant line. In
particular, the present invention relates to a method and a
system for approximating a distributed constant line by a
10 lumped constant circuit, with specified accuracy. The
present invention also relates to a storage medium that

stores a program used therefor.

Background Art
With regard to a wiring system such as a printed
15 board or a multilayer wiring board, it is required to carry
out circuit analysis concerning whether the circuit
realizes desired operation. Conventionally, analysis
software has been developed for this object. By
designating circuit elements constituting a circuit, ‘a
20 circuit model is specified, and then, the above-mentioned
software is used for circuit analysis on a computer.
As LSIs are rapidly improved in their operating
speed, a wiring system for transmitting signal between

elements is required to have structure capable of
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| unped constant circuit, with specified accuracy. The present invention
also relates to a storage nediumthat stores a program used therefor.
Bagkground Art Wth regard to a wiring systemsuch as a printed
board or a nmultilayer wiring board, it is required to carry out circuit
anal ysi s concerning whether the circuit realizes desired operation.
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operating characteristics of a wiring system. In that case, in order
to realize high speed transmission, a wiring system should
S Dbe treated as a transmission line so that its transmission
characteristics can be understood accurately.

However, a circuit to be analyzed includes, in
addition to transmission lines, circuit elements that
should be treated as lumped constants. Thus, lumped

10 constant and distributed constant coexist. However,
circuit analysis of a lumped constant/distributed constant
mixed system is difficult, since a travelling wave of
voltage/current should be treated.

Thus, it is demanded to approximate a distributed

15 constant line by a lumped constant circuit. In the
approximation, it is desirable that the degree of accuracy
of the approximation be known. Further, when the
approximation accuracy becomes higher, a ioad on the
processing becomes larger. Thus, in approximating a

20 distributed constant line by a lumped constant circuit, it
is desired that the approximation can be carried out with a

required accuracy.

Disclosure of the Invention
An object of the invention is to provide a process

25 for approximating a distributed constant line by a lumped
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speed, a wiring systemfor transmtting signal between elenents is
required to have structure capabl e "of '

2 transmtting a signal at high speed. To that end, it is necessary to
sufficiently understand signal transm ssion characteristics of a wiring
system In that case, in order to realize high speed transm ssion, a

W ring systemshoul d s atransmssion line so_that its

| be t ted )
transmi ssion c%%%.%%?e?f%?#ﬁg;g b RAS TG 8Tac £Or RFEVyde @ method

' i ' i.n ition to transm ssion
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with a required accuracy, and a storage medium that stores
a program used therefor.

5 To attain the above object, the present invention
provides, according to its first mode, a method of
approximating a distributed constant line, which employs an
information processing apparatus to perform a process of
approximating an object distributed constant line by a

10 lumped constant circuit obtained by cascading a given unit
lumped constant circuit in 2 stages, comprising the steps
of:

ca;culating a product yl of a propagation comnstant ¥y
of the object distributed constant line and a line length 1
15 of the distributed constant line, and storing the product;
calculating cosh y1 and sinh yl, using the yl, and
storing the cosh yl and sinh y1;
calculating a,(yl), b, (yl) and c, (yl) that
constitute elements of a transfer matrix of the lumped
20 constant line, from functions a, (x), b, (x) and ¢, (x)

defined by following three expressions:

™ (k- X
4 (@)= X (n =)l (26!

=] n+k)! x¥H
b,(x) = Z 2k+1( )
tn" " (n-k-1)! (2k +1)!
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shoul d be treated as |unped constants. Thus, lunped constant and

di stributed constant coexist. However, circuit analysis of a | unped
constant/distributed constant m xed systemis difficult, since a
travelling wave of voltage/current should be treated. Thus, it is
demanded to approximte a distributed constant line by a | unped const ant
circuit. In the approximation, it is desirable that the degree of accuracy
of the approximation be known. Further, when the approximtion accuracy
becormes higher, a load on the prpqr$sing becopes,larger. Thus, in

approxi mating a dlstrlbute@ AZ; d constant circuit, it
is desired that the approxi nati orécam*&(ncan)ti e(Rkorit)! with a required
accuracy.

putting x = yl and deciding » as a tentative value, and
storing the an(yl), b, (yl) and c, (y1):
comparing the cosh ¥yl with a,(yl), sinh yl1 with b,(y1l),
5 and sinh vyl with ca(yl), respectively, to make a judgment on
whether a result of comparison satisfies a predetermined
condition, and, when the condition is not satisfied,
repeating steps from the step of calculating the ap(yl), b,
(y1) and ¢, (yl), onward, changing the value of the 2, until
10 the result of comparison satisfies the condition; and
deciding an approximate circuit, using » when the
result of comparison satisfies the condition, in order to
decide a lumped constant circuit that is obtained by
cascading the unit lumped constant circuit in r» stages.
In the above-described method, further, the
following modes may be optionally employed.
a) The above-mentioned comparison is carried out by
calculating a deviation between the cosh Yyl and a,(yl), a
deviation between sinh yl and b,(yl), and a deviation
20 between sinh yl and c,(yl), respectively, and the result of
comparison is obtained as the maximum & among those
deviations; and

a condition that the maximum 8 satisfies & < & for
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Di scl osure of the |Invention

provi de a process for apprOX|nat|ng a distributed constant |ine

An object of the invention is to

by a

| unped 3 constant circuit, and, in
particular, to provide a nethod and systen1for approxi mating a dlstrlbuted
constant line wth a required accuracy, and a storage nedi umthat stores
a program used therefor. To attain the above object, the present
i nventi on an error tolerance ¢ set in advance is used as the

condition to make the judgment.

b) The above-mentioned lumped constant circuit is

constituted by cascading a Il circuit as the unit lumped

5 constant circuit in » stages, and the transfer matrix of

the lumped constant circuit is given by an expression:

an (y l) Z()bn (7/1)

1
—c,(vl) a,@rD
Z()

Fp =

where Z, is a characteristic impedance of the distributed

constant line.

10 c¢) The above-mentioned lumped constant circuit is

constituted by cascading a T circuit as the unit lumped

constant circuit in n stages, and the transfer matrix of

the lumped constant circuit is given by an expression:

a,(rl)  Zyc,(vD)

%b" G e,

F, =

15 where Z, is a characteristic impedance of the distributed

constant line.

d) Input of the error tolerance & is received and

stored;

and the received ¢ is used in the condition to

20 decide the value of the n.
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provides, according to its first node, a nethod of approxinmating a
distributed constant |ine, which enploys an- information processing
apparatus to performa process of approximating an object distributed
constant line by a |unped constant circuit obtained by cascading a given
unit lunped constant circuit in n stages, conprising the steps of:

cal cul ating a groduct [err]] of a propagation constant [err] of the object

distributed c®

st ant Apj fBeafgrar| takeramee (£.12 plurpdidyseiLi valuvescanst ant

i ne, and storingithe groduct; calculating cosh yl and sinh [err]l,

using the [erF¢f
calculating aferr]([err]l), b[err]nééerr]l) and cJerr] ([err]l)
constitute el enents 8RdacpFRn¥pEne

10

20

¥Rd aR—EoFFAEeEhe cosh [err]l and sinh [err]l;

t hat
rtbe ofeqsiered fpd§ used in the

condition to decide the value of the n corresponding
thereto.

Further, a second mode of the present invention
provides a method of approximating a distributed constant
line, which employs an information processing apparatus to
perform a process of approximating an object distributed
constant line by a lumped constant circuit obtained by
cascading a given unit lumped constant circuit in n stages,
comprising the steps of:

receiving input of a value of the rn, and storing the
value;

calculating a product yl of a propagation constant ¥y
of the object distributed constant line and a line length 1
of the distributed constant line, and storing the product;

calculating cosh yl and sinh yl, using the yl, and
storing the cosh y1 and sinh y1;

calculating an(yl), b, (yl1) and c, (yl) that

constitute elements of a transfer matrix of the lumped
constant 1ine} from functions a, (x), by, (x) and ¢, (x)

defined by following three expressions:

. n (n+k-1)! x2k
a,(x) ;Z) n#*(n - k)! (2k)!
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constant line, fromfunctions aferr] (x), b[err] (x) and c[err] (x)
defined by follow ng three expreSS|ons : [err]
[err] : 4

[err]

-1 2+l
3 (n+k) X
b (x) =
@)= 7 (n—k —1)! (2k +1)!

. (n? +—)(n +k-1)! L2
&) = Z 2"*‘( 2k (2k+D)!

putting x = y1 and deciding n as the value inputted, and
storing the an(yl), b, (Y1) and ¢, (yl):; and

5 calculating a deviation between the cosh yl and
an(yl), a deviation between sinh yl and b,(yl), and a
deviation between sinh yl and c,(yl), respectively,
obtaining the maximum 8§ among those deviations, and
outputting the maximum § as an error.

10 A third mode of the present invention provides a
system for approximating an object distributed constant
line by a lumped constant circuit, comprising:

means for storing object circuit information
describing the distributed constant line as an object of

15 approximation, and approximate circuit information defining,
as the distributed constant line, a lumped constant circuit
obtained by cascading a given unit lumped constant circuit
in n stages;

means for calculating a product yl of a propagation

20 constant y of the object distributed constant line and a

line length 1 of the distributed constant line based on the

object circuit information:

e

s Sheet Has Been Replaced

T

THIS SHEET HAS BEEN
REPLACED




putting x = [err]l and deciding n as a tentative value, and storing the
alerr]([err]l), b[err] ([err]l) and c[err] ([err]l); conparing the
cosh [err]l with aferr]([err]l), sinh yl with b[err]([err]l), and sinh
[err]]l with CJerr]([err]l), respectively, to nmake a judgnment on whether a
result of conparison satisfies a predeterm ned condition, and, when the
condition is not satisfied, repeating steps fromthe step of calculating
the a[err]([err]l), Bpens] fof[eattulatimg cfash [yL( pedr sihh vhwesihg diengi ng
the value of the n, until the result of conparison satisfies the

condi tion; andl: deci ding an approximte circuit, using n when the
result of conparison satisfies the condition, in order to decide a |unped
constant circuit thalmepBsobedi aedckiating ccathgh @a(vhl & Budpdl @odstant

circuit in n stages. In the above-descri bed net hod, further, the
(yl) that constitute elements of a transfer matrix of the

5 lumped constant line, from functions a, (x), by (%) and c,

(x) defined by following three expressions:

(n+k-p! x*
) e

g (n+k)! x*
b (x)=
- () znz"“(n—k - 2k +1)!

(n + ——)(n +k-1)! 24t
C, (%) = ;;) 2k+l (n-k)  (2k+1)!

10 putting x = y1 and deciding 2 as a tentative value;
means for decidihg the n by comparing the cosh yl
with as(yl)., sinh y1 with bs(yl), and sinh vyl with c,(yl),
respectively, to make a judgment on whether a result of
comparison satisfies a predetermined condition, and, when
15 the condition is not satisfied, by repeating processes from
a process of calculating the a,(yl), b, (yl) and c, (y1),
onward, changing the value of the n, until the result of
comparison satisfies the condition; and |
means for deciding an approximate circuit, the means
20 using n when the result of comparison satisfies the

condition, in order to decide, as the approximate circuit,

i |




foll owi ng nodes may be optionally enployed. a) The above-nenti oned
conparison is carried out by calculating a-deviation between the cosh
[err]] and a[err]([err]l), a deviation between sinh [err]] and
b[err]([err]l), and a deviation between sinh [err]l and c[err]([err]l),
respectively, and the result of conparison is obtained as the maxi num
[err] anbng those deviations; and a condition that the maxi num
[err] Sat|sf|ésl@mge@e¢¢?stQﬁt circuit that is obtained by cascading ghe

error tolerance [err] set_in advance is used as the
stored unit lumped constant circuit in n stages.

In the above-mentioned system, further, the
following modes may be optionally employed.
5 £) The above-mentioned means for deciding n:
carries out the comparison by calculating a
deviation between the cosh yl and as(yl)., a deviation
between sinh yl and b,(yl), and a deviation between sinh ¥yl
and cn(yl), respectively, to obtain the result of comparison
10 as the maximum § among those deviations; and
makes the judgment by using a condition that the
maximum § and an error tolerance ¢ set in advance satisfy &
< ¢, as the condition.
g) The above-mentioned system further comprises means
15 for receiving designation from outside;
the means for storing possesses approximate circuit
information on a lumped constant circuit constituted by
cascading a II circuit as the unit lumped constant circuit
in n» stages, and approximate circuit information on a
20 lumped constant circuit constituted by cascading a T
circuit as the unit lumped constant circuit in z stages;
the means for calculating a,(yl), b, (yl) and c, (yl1)
calculates an(yl)., b, (yl) and c, (¥1) concerning the lumped
constant circuit constituted by cascading, in 2 stages, the
25 unit lumped constant circuit that is designated through the

means for receiving designation between the II circuit and T

_—
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condition to nake the judgment. b) The above-nentioned | unped const ant

circuit is constituted by cascadirfg a Il circuit as the unit | unped
constant circuit in n stages, and the transfer matrix of the | unped
constant circuit is given by an expression: [err]
where Z[err] is a characteristic inpedance of-the distributed constant
line. «c¢) The above- gentioned | unped constant circuit is constituted

by cascadi ng ﬁl#CEFFcu?P as the unit lunmped constant circuit in n stages,

n h r ansf er natr x of
and the t e means for deciding the approximate circuit

decides, as the approximate circuit, the lumped constant
circuit constituted by cascading the designated unit lumped
5 constant circuit and the other in n» stages.

Further, a fourth mode of the present invention
provides a system for approximating an object distributed
constant line by a lumped constant circuit, wherein,

the system comprises:

10 a storage device for storing a program and data; and
a central processing unit for executing the program
to perform the approximation;
the storage device.stores object circuit information
describing the distributed constant line as an object of
15 approximation, and approximate circuit information defining,
as the distributed constant line, a lumped constant circuit
obtained by cascading a given unit lumped constant circuit
in n stages:; and
the central processing unit carries out processes
20 of:
calculating a product yl of a propagation constant y
of the object distributed constant line and a line length 1
of the distributed constant line based on the object
circuit information:
25 calculating cosh y1l and sinh yl using the y1;

calculating each of ap(yl). b, (yl1) and c, (yl) that

e
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the | unped constant circuit is given by an expression:

[err] where Z[err] is a characteristic inpedance of the distributed

constant line. d) | nput of the error tolerance [err]

is received and

stored; and the received [err] is used in the condition to decide

t he val ue of the n.

constitute elements of a transfer matrix of the lumped
constant line, from functions a, (x), b, (x) and c, (x)

defined by following three expressions:

5o (n+k-D x*
& n*(n - k)! (2k)!

= (n+k)! xH
b =
@)= 20—k —1)! (2k +1)!

a,(x) =

k
n (nz + —2*)(}1 +k —1)! x2k+1
4 a*(m-k)  (2k+1D)!

63 =

putting x = Yyl and deciding n as a tentative value;
deciding the n by comparing the cosh yl with ap(yl),
sinh y1 with b,(yl), and sinh vyl with cn(yl), respectively,
10 to make a judgment on whether a result of comparison
satisfies a predetermined condition, and, when the
condition is not satisfied, by repeating the processes from
the process of calculating the a,(yl), by, (yl) and c, (yl),
onward, changing the value of the z, until the result of
15 comparison satisfies the condition; and
deciding an approximate circuit, using n when the
result of comparison satisfies the condition, in order to
decide, as the approximate circuit, a lumped constant
circuit that is obtained by cascading the stored unit
20 lumped constant circuit in 2~ stages.

Further, a fifth mode of the present invention
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6 e) As the error tolerance [err], a plurality of values are received
and stored, and each value of the received [err] is used in the
condition to decide the value of the n corresponding thereto.

Further, a second node of the present invention provides a nethod of
approxi mating a distributed constant |ine, which enploys an information
processing apparatys to performa process of approximating an object
distributed OGRYLLRE Bi 5089% Fefpeded orediam 1o whdich @bpargsambyor
cascadi ng a glv n_unit ed constant circuit in n stages, conprising the
steps of: ln9e€8|3Pn8rWﬁBﬁ?no?r%F%%ﬁ%R9(ﬂpﬂﬂﬁétﬁs B¥ECYLEr Ang t he

process of approximating an object distributed constant
line by a lumped constant circuit obtained by cascading a
5 given unit lumped constant circuit in » stages is recorded,
wherein:
the program makes the information processing
apparatus execute processes of:
calculating a product yl of a propagation constant y
10  of the object distributed constant line and a line length 1
of the distributed constant line based on the object
circuit information;
calculating cosh yl and sinh yl using the yl1;
calculating each of ay(yl), b, (yl) and ¢, (yl) that
15 constitute elemeﬁts of a transfer matrix of the lumped
constant line, from functions a, (x), b, (x) and c, (x)

defined by following three expressions:

(n+k-D! x*
2 n% (n - k)! (2k)!

n-1 +k ! 2k+1
()= S
n“"(n-k -1)! (2k +1)!

@, (x) -

. (7 +ﬂ@+k W

20 G o e

putting x = yl and deciding 2 as a tentative wvalue;
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vai ue; cal cul ating a product yl of a propagation constant y of the
obj ect distributed constant Iine and a line length 1 of the distributed

constant line, and storing the product; cal cul ating cosh yl and
sinh [err]l, using the [err]l, and storing the cosh [err]|l and sinh
[err]]; calculating a[err]([err]l), bl[err] ([err]l) and c[err]

([err]l) that constitute elements of a transfer matrix of the |unped
constant |ine, from fAsFkdides theear Py ( 2pmppring | this)cesty W erith exjyl).
defined by fo%ﬁ%M‘?? ;QggebfﬁgB?sghgnginh ¥yl with c,(yl), respecégg;ig,
to make a judgment on whether a result of comparison
satisfies a predetermined condition, and, when the
5 condition is not satisfied, by repeating the processes from
the process of calculating the as(yl), b, {y1) and c, (yl),
onward, changing the value of the 2, until the result of
comparison satisfies the condition; and
deciding an approximate circuit, using 2 when the
10 result of comparison satisfies the condition, in order to
decide, as the approximate circuit, a lumped constant
circuit obtained by cascading the stored unit lumped
constant circuit in 2 stages.
Here, for example, the program makes the comparison
15 carried out by calculating a deviation between the cosh ¥l
and an(yl), a deviation between sinh yl and b,(yl), and a
deviation between sinh yl and c,(yl), respectively, to
obtain the result of comparison as the maximum § among
those deviations; and makes the judgment carried out by
20 using a condition that the maximum 8 and an error tolerance
¢ set in advance satisfy 8 < €, as the condition.
According to the present invention, a circuit board
including a wiring system to be treated as a distributed
constant line can be approximated as a whole by a lumped

25 constant circuit. In addition, in approximating a

distributed constant line by a lumped constant circuit, the

—
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7 [err] putting x = [err]l and deciding
n as the value inputted, and storing the aferr]([err]l), b[err] ([err]l)
and c[err] ([err]l); and cal cul ating a deviation between the cosh
yl and a[err]([err]l), a deviation between sinh [err]]l and b[err]([err]l),
and a deviation between sinh yl and c[err]([err]l), respectively,

obtai ning the maxi num [err] anong those devi ations, and
approximation can bé carried out with requlred accuracy.

Thus, there is such effect that the accuracy of the
analysis becomes clear. Further, it is possible to know

the accuracy with which the approximation is carried out.

5 Brief Description of Drawings

Fig. 1 is an explanatory view schematically showing
a distributed constant line;

Fig. 2 is a circuit diagram showing an approximate
lumped constant circuit obtained by dividing a distributed

10 constant line into n subintervals, and by expressing each
subinterval by a II circuit;

Fig. 3 is a circuit diagram showing an approximate
lumped constant circuit obtained by dividing a distributed
constant line into n subintervals, and by expressing each

15 subinterval by a T circuit;:

Fig. 4 is a circuit diagram showing an example of
structure of the II circuit shown in the above Fig. 2;

Fig. 5 is a circuit diagram showing an example of
structure of the T circuit shown in the above Fig. 3;

20 Fig. 6 is a graph showing degree of approximation in
relation to the number of division n;

Fig. 7 is a block diagram showing a system

configuration of hardware resources constituting the syétem

of the present invention;

2 Fig. 8 is an explanatory view showing a relation
-
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outputting the maxinum[err] as an error. _ A third node of the
present invention provides a systemfor approximting an object
distributed constant line by a |unped constant circuit, conprising:

nmeans for sto
constant |ine
information d
given unit lu
calculating a
distributed c
| i ne based on

wn

10

15

20

25

ring object circuit information describing the distributed

as an object of approximation, and approximate circuit
finin constant circuit obtained by cascading a

, | >
§He88ngﬁﬁgttggg?cEF?c?%§%954%&ﬁ£§e process floisipothe

d | _of ti t ant . of the obj ect
gReRanburbcohnatant FreFadftation GRaete: MhbaPetbBonst ant

i i [ i nformati on;
p&%%en%bkgggn iéﬁuié appl{ed;

Fig. 9 is a flowchart showing a procedure for
approximating a distributed constant line, according to the
present invention;

Fig. 10 is a flowchart showing a procedure for
deciding the number of division in the above procedure;

Fig. 11 is an exXplanatory view showing an example of
a display screen used for inputting analysis conditions in
the present invention;

Fig. 12 is a sectional view showing structure of a
circuit board as an object of applying an embodiment of the
present invention: and

Fig. 13 is a flowchart showing another example of a
procedure for approximating a distributed constant line

according to the present invention.

Best Mode for Carrying Out the Invention
In the following, the best mode for carrying out the
present invention will be described referring to the
figures. Before the description of the embodiment, the
principle of the present invention will be described.
Generally, a relation between an input voltage V,
and an input current I; and an output voltage V, and an

output current I, in a two-terminal-pair (four-port)
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8 - means f or calculating cosh [err]l and sinh [err]]| using the
means for cal cul ating each of aferr]([err]l), b[err] ([err]l) and c[err]
(yl) that constitute elenments of a transfer matrix of the |unped constant
line, fromfunctions a[err] (x), b[err] (x) and c[err] (x) defined by
foll owi ng three expressions: [err]

circuit can be expressed as an expression (1) using a

transfer matrix (F matrix).

Al A

Now, it is assumed that a distributed constant line

as an object of the present invention is shown in Fig. 1.

wn

Namely, it is a line having a line length of 1, and its

parameters are shown in Table 1.

Table 1

Parameters of a distributed constant line

R Resistance per a unit
length

L Inductance per a unit
length

G Conductance per a unit
length

C Capacitance per a unit
length

1 Line length

Zo Characteristic impedance

y Propagation constant

10 The characteristic impedance Z, and the propagation

constant y are given by the expression (2) and the

expression (3):

, o |[R+jol
0 G+ joC (2)

. 0.

¥ =y(R+ joL)G + joC) (3)

Using these constants, the F matrix F, of the

This Sheet Has Been Replaced

AR

THIS SHEET HAS BEEN
REPLACED




putting x = [err]l and deciding n as a tentative val ue; ~ neans for
deciding the n by conparing the cosh yl wth a[err]([err]l), sinh [err]l
with b[err]([err]l), and sinh [err]l with c[err]([err]l), respectively, to
nmake a judgnent on whether a result of conparison satisfies a
predeterm ned condition, and, when the condition i shnot : sati ?1{ [ ed], I ;)y
repeati ng processes_fro a process of calculating the aJerr err ,
b[ gr r] ([err] |‘5is§ﬁ&b8[téﬁ FoppEapt| F1ne o158 ¥PTesHaty Yy Wite SFREEESEPNL he n,
until the resylt of conparison satisfies the condition; and means
for deciding r?)aipproxi mate circuit, the neans wusing n when the result of
conparison satisfies the

coshyl Z,sinhy!

F, = El—sinhyl coshy!

0 ce. (4)

Here, it is considered that the distributed constant

line shown in Fig. 1 is divided into n» subintervals, and

wn

each subinterval is approximated by a unit lumped constant
circuit. For approximation, the unit lumped constant
circuit that approximates a subinterval may be considered
to be a IT circuit or a T circuit, for example. Fig. 2 is
10 an example of a lumped constant circuit in which each
subinterval is expressed by a Il circuit. Fig. 3 is an
example of a lumped constant circuit in which each
subinterval is expressed by a T circuit.
Now, further, the II circuit (see Fig. 4) as one
15 subinterval taken from the circuit of Fig. 2, and the T
circuit (see Fig. 5) as one subinterval taken from the
circuit of Fig. 3 will be considered. F matrices Fj,, Fp,

for respective subintervals are given by the expressions

(5), (6).

2
1+l—2(R + joL)G + joC) L(R+ joL)
0 Fy=| e e .. (5)
—(G+ ij){1+ o (R+joL)G + jcoC)} L+ (R+ joL)G + joC)
n 7l

This Sheet Has Been Replace

TN

THIS SHEET HAS 2EE |
REPLACED




condi tion, i
| unped const
copstant cir
further, the
above-nentio
by cal cul ati
deviation b
sinh [err]l

conpari son

10

n order to decide, as the approximate circuit, a

ant circuit that is obtained by cascading the wunit |unped

cuit in n stages. In the above-nentioned system
foll owi ng nodes may be optionally enployed. f) The

ned nmeans for deciding n: carries out the conparison

ng a deV|at|on bet ween the cosh [err]I and aferr]([err]l), a

TIPSR e i e een

&?+1wC) 1+E7{R+]wLﬁG+]wC)
n

Using Z, and y, these expressions can be rewritten

into the expressions (7) and (8), respectively.

n? vl
+(‘/ )2 Zn/_
FHn = 2 2
1yl 1+(Yll 1-4'—(}11)2
Zyn 4n 2n (7)

{)
2n’ n 4n?

2
1yl N2
Z, n 2n®

2 2
) 1+(}'l)}

FTn=

(8)

When, the subintervals are cascaded in n stages to
constitute the circuit structures shown in Fig. 2 and 3,
their F matrices Fp, Fp are each obtained by multiplying #p,,
or Fr, n times, thus yielding the expressions (9) and (10).

Fp = P, ... (9)
Fr = F'yy oo (10}
By actual calculation, these expressions give the

expressions (11) and (12).

-_—
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as’ the maxi mum 6 anobng those devi ations; and makes the judgnment by
using a condition that the maximum[err] and an error tolerance [err] set

in,advance satisfy [err] < [err], as the condition. g) The
above- ment i oned system further conprises neans for receiving designation
from out si de; the neans for storing possesses approxinmate circuit

information on a |unped constant circuit constituted by cascading a |
circuit as the unit | unped constagt rc |t /jn n stages, and approxi mate
circuit information on a { cluit constituted by cascading
aT circuit as the unit Iu#ggd ﬁht¢£(w&U|t |n n st ages; t he
means for calculating aferr]([e LI) b[err] (ferr] g Cerr] ([err]l)
calculates af[err]([err]l), b[err] ([err]l) and c[err ?Ferr]l) concer ni ng
t he | unped

an ()'I) Zﬂcn (yl)

1
- o0 e,
Z()

F; =
i e (12)

Here, in the expressions (11) and (12), &, b, and c,
are functions expressed by the following expressions (13),

5 (14) and (15), respectively.

(n+k-1! x*
4 ()= Z 1y _ k)1 (2K)!

(13)
S (n+k) X
b =
(%) ank+x(n_k_1)g(2k+1)! .. (14)
. +—Xﬂ+k Db e
c,(x)= zk+1( n-k) (2k+1)! (15)

As described above, it is clear that, when the
10 distributed constant line is divided into subintervals and
is approximated by the lumped constant line, the  matrix
of the approximate circuit can be obtained. Further, now,
it is necessary to examine the approximating accuracy of
the circuit that approximates the distributed constant line.

15 In order that we can say that the lumped constant
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constant circuit constituted by cascading, in n stages, the unit | unped
constant circuit that is designated through the neans for receiving

degi gnati on between the Il circuit and T _ _ _
10 circuit; and the neans for deciding the approxinmate circuit

deci des, as the approximate circuit, the |unped constant circuit
i i signated unit | unped constant circuit inn
consti tuted b&icascadlngi%hgide np

st ages. ne-gpPPhHE Bar Hhe bRt okt hRd (GoasdAnt Ad86t A8nthEr ovi des
a system for %ggggéknggbggxgﬂagg.gcéfc%ﬁgrgégt(glstributed constant line,
comparing Fp, Fr of the above expressions (11), (12) with F,
of the expression (4), the function a, should correctly
5 approximate a hyperbolic cosine, cosh, and the functions b,
and ¢, a hyperbolic sine, sinh, respectively. Further, as
the number of division becomes larger, Fr, Fp should
approach tb Fy. Thus, obtaining the limit in the state that
the division becomes infinitesimally fine in the
10 expressions (13), (14) and (15), i.e., in the state that »

becomes the infinity, we have the expressions (16) and (17).

xk

E 2
lima, (x) =
S 25 2k)! ... (16)

« Zk+t

. R X
b, () = fme, () = 2 ey
- : ... (17)

The right sides of the expressions (16) and (17) are
15 the Taylor’'s expansions of cosh and sinh, respectively.
Thus, as the number of terms is increased, a, approaches to
cosh, and 5, and ¢, to sinh. So, the expressions (11) and
(12} are appropriate as approximation of the distributed
constant line, and the division becomes finer, the degree
20 of approximation becomes higher.
However, since the number of division can not be an

infinity of large, it will be further examined what degree

-_—
———
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constant |line by a |unped constant circuit, wherein, the system

conpri ses:

a storage device for storing a program and data; and

a gcentral processing unit for executing the program to performthe

appr oxi mati on;
i nf ormati on

appr oxi mati on,
const ant CIFCBFt
circuit inn sta

" 8bp26%1maon, £rpm, ?ngracfpm%

processes

the storage device stores object circuit

describing the distributed constant |ine as an object of
approximate circuit i nformation deflnln% a | unped

Hﬁggﬂﬁdiﬁyr‘é‘a%’éﬂ‘? PR PEIPTI Y RGHEGORE, an

entral prOCESSI unjt carries out
ﬁEO

pa&Ff ontf ¥onst ant

y of the objegl dLRLMLPULEARERORES M s é”&i&m ute'd‘%o'nes'%%nQ Yine is

10

20

assumed to be lossless, and Fp and Fry are compared with 7,

in the case that one wavelength is divided into » portionms.

Writing the wavelength as A, then, 1/A = 1 in the following

equation:
Jfl=f2:ri
A L. (18)

Then, F, is expressed by the following expression.

cosh(j2x)  Z,sinh(j2r) 1 0
Zisinh( j2r)  cosh(j2r) =[O 1]

0

F =
oo (19)

Now, substituting an actual value for » in a,, b,
and ¢, in the expressions (11) and (12), wvalues of those
functions are calculated. Then, the approximating accuracy
is higher as &, is closer to 1 and b, and ¢, to 0. Values
of a,, b, and ¢, for n are shown in Fig. 6. As shown in Fig.
6, when n =2 15 for example, a, becomes almost 1, and b, and
¢, become 0.05 or less.

Next, approximation of an object circuit will be
described utilizing the property of the distributed
constant line that it can be approximated with desired
accuracy by the above-described approximation model.

Here will be described an example in which the

process is performed using an information processing
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of the-distributed constant |ine based on the object <circuit information;
cal cul ating cosh yl and sinh yl using the yl; cal cul ati ng each of
alerr]([err]l), b[err] ([err]l) and c[err] ([err]l) that

constitute elements of a transfer matrix of the |unped constant l[ine, from
functions aferr] (x), b[err] (x) and c[err] (x) defined by follow ng three

expr essi ons: %err . . .
apparatus shown in Fig. 7. As the information processing

apparatus, one that can execute the below-mentioned
operation will suffice. The information processing
apparatus shown in Fig. 7 comprises: a main body 100 of the

5 information processing apparatus, having a central
processing unit (CPU) 110, a memory 120 and an interface
190; an input device 130 for inputting a directive
instruction or the like; a communication control unit 140
for sending/receiving information to and from another

10 apparatus via communication means; a display unit 150 for
displaying a result of the processing; a hard disk unit 160
for storing data, programs, and the like:; and a portable
storage medium drive 170 for driving a portable storage
medium 180. Although this example uses the hard disk unit

15 as a storage device, the storage device is not limited to
the hard disk.

The above-mentioned input device 130 comprises, for
example, a keyboard, and has a device for pointing a
position, such as a mouse.

20 As the portable storage medium 180, may be used a
rewritable storage medium such as a floppy disk, a magneto-
optical disk, for example. Further, a read-only storage
medium such as a CD-ROM may be used. In the present
invention, a program executed by the CPU 110 may be

25 provided being recorded in the CD-ROM, for example. Then,

the program is installed into the hard disk 160, loaded
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putting x = [err]l and deciding n as a tentative val ue; deci di ng
the n by conparing the cosh [err]l with a[err]([err]l), sinh [err]l with
b[err]([err]l), and sinh [err]l with c[err]([err]l), respectively, to nake
a judgnment on whether a result of conparison satisfies a predeterm ned
condition, and, when the condition is not satisfied, by repeating the

processes from the process of calculating the a[err]é{errﬂ#&, b[err]
([err]l) and Jnéo Jthe gemory, 128nward, exeanteh ¥ Hee Rk 160 + hénnthent i |

the result of _conparisaon satisfies the condition, and '
following description, the memory 120 and the hard disk

unit 160 are distinguished from each other. However, those
two may be taken together as a storage device as a whole.

5 A program executéd by the CPU 110 performs such a
procedure as shown in Fig. 9, for example. The process
shown in Fig. 9 is one that takes in data on an object
circuit to be analyzed and performs the approximation of a
distributed constant line by a lumped constant circuit,

10 based on that data. Further, the process shown in Fig. 10
is one of subroutines of the process shown in Fig., 9, and
performs processing of deciding the number n of division
for obtaining desired accuracy. Also, numerical formulas
used in these processes are included in the program. Of

15 course, dedicated programs may be provided for executing
the operations on the numerical formulas. When the CPU 110
executes the program, it uses various pieces of information,
and, at the same time, generates various pieces of
intermediate information and final information. Such

20 information includes the information shown in Fig. 8, for
example.

Fig. 8 shows the various pieces of information used
in the present invention, together with the flow of their
processing. The various pieces of information include:

25 object circuit information 200 that describes an object

circuit becoming an object of the process; analysis

—
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deci ding an approximate circuit, using n when the result of conparison
satisfies the condition, in order to decide, as the approximte circuit, a

| upped constant circuit that is obtained by cascading the uni t
| unped constant circuit in n stages. Further, a fifth node of the
present invention 12 provides a

program recorded nmediumin which a programfor neking an information
processi ng apfaPgtiioBxiREPEMALIOR #4Q sthat fRacdhiies: @ReLY§16b] ect

[ [ n | ine by a |lunped constant circuit obtained b
g;:é;h?ﬁ;eg Cgoﬁ&gggons for ¥he obgggt circuit in question; elementy

information 250 on elements of a transfer matrix; number-
of-division information 260; information 270 on lumped

5 constant elements and their connection; and finally-
integrated object circuit information 280 on the object of
the circuit analysis.

As the object circuit information 200, object

circuit information set by a circuit design support system

10 such as a CAD system, or information inputted through the
input device 130 to define the object circuit is received
as input information. The object circuit information 200
includes: a distributed constant part 210 having circuit
information concerning the part of the object circuit to be

15 treated as a distributed constant line; a lumped constant
part 220 having circuit information concerning the part of
the object circuit that can be treated as lumped constant;
and connection information 230 having information
indicating connecting relationship between circuit elements.

20 The distributed constant part 210 includes information on
resistance R, inductance L, conductance G, capacitance C,
and line length 1 shown in the above-described Table 1. 1In
the present invention, using the information of the
distributed constant part 210, approximation by lumped

25 constant circuit is performed. Information on resistance R,

inductance L, conductance G, capacitance C, and line length
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given unit lunped constant circuit in n stages is recorded, wherein:

the program makes the information processing apparatus execute processes
of ; calculating a product [err]l of a propagation constant [err]
of the object distributed constant Iine and a |line length 1 of the
distributed constant |ine based on the object circuit information;

| cul at h d sinh
cal cul ati ng Eiiﬁso?era%ep??yfiir?ﬁgﬁ P mailsat VPLERS @pcAepigher ] 1)

that constitute elenents of a_transfer matrix of the |unped constant
line, from fuf P8ﬁs°5[@??fufﬁ? VaHR$$] (x) and c[err] (x) defined by

tol low ng three expr% igoggject circuit information 200 is inputted into

the system of the present invention, and stored, for

example, in the hard disk unit 160. If necessary, the

W

object circuit information 200 is also set in the memory
120. The object circuit information 200 may be prepared by
various methods, including a case where the information is
inputted from another system through the communication

10 control unit, a case where the information is inputted
through a portable storage medium, a case where the system
of the present invention itself has a CAD function and the
information is generated by that function and stored in the
hard disk unit 160, for example.

15 As the analysis condition information 240, are used
an operation angular frequency ® and an error tolerance ¢.
These are set in advance or each time. At setting, an
input screen may be displayed on the display unit 150 as
shown in Fig. 11 for example, and, input is carried out

20 following the guidance in the screen. As for the operation
angular frequency w, Fig. 11 shows an example in which
input is received in terms of operation frequency.
Accordingly, the inputted frequency is transformed into an
angular frequency before using. A plurality of values may

25 Dbe set to each of the operation angular frequency o and the

error tolerance &, to perform the analysis for each value.
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putting x = [err]l and deciding n as a tentative val ue;
deciding the n by conparing the cosh [err]l wth

alerr]([err]l), sinh [err]l with b[err]([err]l), and sinh [err]]l with
clerr]([err]l), respectively,

The inputted operation angular frequency w and error
tolerance ¢ are stored into the memory 120. Further, when
these pieces of information are to be retained, they are
stored into the hard disk unit 160.

5 As for the element information 250 on element of a
transfer matrix, different information is used depending on
calculation to be performed, and the calculation is
performed in compliance with this information. Here, sinh
yZ and cosh yZ , which constitute elements of the transfer

10 matrix, are obtained. To that end, using R, L, G, C and 1
contained in the above-mentioned distributed constant part
and the operation angular frequency ® contained in the
analysis conditions, the characteristic impedance %, and
the product yl of the propagation constant y and the line

15 1length 1 are calculated employing the expressions (2) and
(3). These pieces of information are stored in the nemory
120. Further, if necessary, they are also stored into the
hard disk unit 160.

Or, as the above-mentioned information 250, the
20 transfer matrix F, may be obtained. Further, when Yy is
obtained in advance, it may be used. Similarly, when yl is

obtained in advance, it may be used too.
Next, the number-of-division information 260 is a
value that is decided to evaluate the error of the
25 approximation. To decide this number-of-division

information n;. error of the approximation is evaluated.

P
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to - make a judgment on whether a result of conparison satisfies a

predeterm ned condition, and, when the condition is not satisfied, by
repeating the processes from the process of calculating the
alerr]([err]l), b[err] ([err]l) and c[err] ([err]l), onwar d, changi ng
the value of the n, until the result of conpari son satisfies the

condi ti on; an& deciding an_approximate circuit, using [err]
when the r 699 £TIFPTEHFAPPLSIANSGE | Ehe cIPRFRXWBHAIAN Gif GarTdederutoby
decide, as the approximate circuit, a |unped constant circuit obtained
by cascadi ng fﬁ@gﬁﬁFpﬁuﬁﬁﬁﬁeéaﬁggéﬂg ele@%@%ﬁn%“i??%1éﬁﬂﬂﬁaﬁentloned Fo
Further, a sixth nndﬁpof the present invention provides a program for

maki ng an i nf GAatrohFprIkcEni 1§ 2psaiat a5rekecand by pluieiqng gif the

approxi mati ng .an _object distrjbuted constant_|ine by a |unped constant
circuit obtai gﬁfkcggga&Pnﬁhgsﬁi9Eﬁ°ﬁﬁi%srhﬁﬁ%dﬂf%h§Fh G EQif in n

st ages, wherein; sai.d ogram nmakes sai d informatjon processing
appar at us gxeéﬁpgeggggggggstgiegance. &%r example, in %he above

expressions (4) and (11), corresponding elements are
compared to evaluate the accuracy. Namely, the accuracy is
judged based on how accurately the function a,(yl)
approximates the hyperbolic cosine function cosh yl, and

10 how accurately the functions b,(yl) and c,(yl) approximate
the hyperbolic sine function vl. In detail, as shown in the
following expression (20), absolute values §;, 8, & of
difference between corresponding elements are obtained, and
the number of division ~ at which those values become less

15 than the target accuracy (error tolerance £) is decided. 1In
the case of the T circuit, difference between the

expressions (4) and (12) is obtained.

8, «|cosh(y1) ~a, (vD)
0, «— lsinh(;/l )-b, (yl)l
8, « |sinh(y1) -, (v1)

0 < max (6,,6,,0,) (20)

Here, the functions a,(yl), ba(yl) and cy(yl) are
20 obtained from the corresponding expressions (13), (14) and

(15), respectively. At that time, the number of division n
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of : calculating a product [err]|l of a propagation constant y of the
obj ect distributed constant line and a line length 1 of said distributed
copstant |ine based on object circuit information describing the object

di stributed constant |ine; calculating cosh [err]l and sinh [err]l
using said [err]l; cal cul ating each of a[err]([err]l), b[err] _
([err]l) and C rr% é% #I% that_constitute elenents of a transfer matrix
of said | unpedSc8REL FPREAtEYRHY ¢ ARG diRta[tentptiye, nymder] 1pxysedd
clerr] (x) deflned b follomnn t hree expressions: [err]

14 putting xt PBF#P Qmwldem d(Hg @ngs caltlontcanrespeadiag to thageci ding

d b I th aferr]([err]l), sinh [err]l wth

et TR BRI L (el e e, o e
t on ether,a e conpari s sati,
gojngl tglneg)z gnd when 9& &@85@#?‘85 gg e‘ggi‘?’%“‘ri:‘é"ds"lﬁr Feat F‘rg t he
h f | ti [ e err err
(Lerr]l) %&"%P%fpé? TR e ea%a%%hﬁwﬂ crstadied i lnei )
said result Ogt89g§a£h§8ntﬁgt%%E%qgﬁﬁgl oqgltlon and deci di ng an
|

approximate circu usi ng df conpari son
Using the obtained number of division n, the

information 270 on lumped constant elements and their
connection defines a ladder circuit shown in Fig. 2 or 3.

10 This information is stored in the memory 120, and, at the
same time, into the hard disk unit 160.

The above-mentioned information 270 on lumped
constant elements and their connection, lumped constant
part circuit element contained in the lumped constant part

15 220, and the connection information contained in the
connection information 230 are integrated to generate, as a
whole, the object circuit information 280 on the object
circuit described by the lumped constant circuit. The
object circuit information 280 is stored in the memory 120

20 and/or the hard disk 160, together with the above-mentioned
object circuit information 210 and the analysis condition
information 240.

This object circuit information 280 is delivered to
a circuit analysis system in a subsequent stage and

25 analyzed there. Here, after the object circuit information
280 is delivered to the circuit analysis system in the

-
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satisfies said condition, in order to decide, as the approxi mate circuit,
| unped constant circuit that is obtained by cascading said unit |unped

copnstant circuit in n stages. Here, for exanple, the program
makes the conparison carried out by calculating a deviation between the
cosh [err]l and aferr]([err]l), a deviation between sinh [err]l and

b I d d tion between sinh [err]l and cl[err]([err]
rgggggll%els?ngseﬁggégnsFﬁgereEQﬂﬁ It Qﬁﬂﬁﬁﬁqns@ﬁoagaﬂhéené ﬂﬁﬁﬁ@[err]

anong those dg¥hat|0£ and nmakes_the judgnment carried out by wusing a

condi tion t hat1the%ka ﬁ1f%ﬁ?ﬁd%ﬁuﬁQthﬁwﬂﬁeﬁﬁﬁﬁeFXﬁ&ém'e set in advance
satisfy [err] < [errk, e condi tion. According to the present
i nvention, a circuit 86% Pn@P?WFrEF%F%WQ?qufgﬂﬁﬂﬁiniﬁioﬁgPFP@fﬁédwééla

di stributed t ant roxi_mt e ol e alu

const ant circ ae?ﬁrﬁéﬁatF% er; Qi it 4%3 % showing the prockdure.

5 Fig. 9 shows the flow of the approximation process
according to the present invention.

In Fig. 9, when the CPU 110 receives an instruction
from the input device 130, the CPU 110 takes in the object
circuit information (Step 310). This taking-in is carried

10 out, for example, by using the communication control unit
140 to receive the information from a CAD system not shown,
via a communication means such as LAN, etc. Or, in the
case that the object circuit information is stored in the
portable storage medium 180, the information can be taken

15 in from that portable storage medium 180 through the
portable storage medium drive 170. Or, the information may
be taken in through the input device 130 by manual input.
Further, in the case that the information processing
apparatus, which constitutes the system of the present

20 invention, functions also as a CAD system, then, the
information in question may be taken in from the hard disk
unit 160. The object circuit information taken in is
stored into the memory 120. Further, when this information
is to be retained, it is stored into the hard disk unit 160.

25 As described above, the object circuit information

200 comprises the distributed constant part 210, the lumped
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distributed constant line by a lunped constant circuit, the approximtion
can be carried out with required accuracy. Thus, there is such effect that
thg accuracy of the analysis becones clear. Further, it is possible to
know the accuracy with which the approximation is carried out.

15 Brief Description of Draw ngs Fig. 1 is an

expl anat ory V|em/schenat|callx show n a distributed constant I|ne
constant part 220, and the connection information 230.

Here, it suffices to take in the distributed constant part
210. Of course, the lumped constant part 220 and the
connection information 230 may be taken in together. The

5 CPU 110 works to store the each piece of the taken-in
information into the memory 120.

The CPU 110 receives input of the analysis
conditions (Step 320). The CPU 110 displays an analysis
condition input screen (window) such as shown in Fig. 11,

10 on the display screen of the display unit 150, to request
the input of required items. In the case of the analysis
condition input screen 151 shown in Fig. 11, input areas
are displayed together with messages that prompt input.
Namely, a message such as "Please input an operation

15 frequency” together with associated input areas 153a and
153b, a message 154 such as "Please input an error
tolerance” together with an associated input area 155, and
a message 156 such as "Is input to be continued?” together
with associated "YES”. input area 157 and "NO” input area

20 158 are displayed on the analysis condition input screen
151. Here, the input area 153a is an area for inputting a
value that expresses a frequency. The input area 153b is
an area for inputting a symbol that expresses magnitude
such as mega (M) or giga (G). With respect to the area

25 153a, 153b or 155, when a value is inputted through the

input device 130, then, the CPU 110 makes the inputted

——
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Fig. 2 is a circuit diagramshow ng an approxi mate |unped constant circuit
obtained by dividing a distributed constant line into n subintervals, and
by expressing each subinterval by a Il circuit; Fig. 3is a
cifcuit diagram showi ng an approxi mate |unped constant circuit obtained by
dividing a distributed constant line into n subintervals, and by
expressing each_ subinterval by a T circuit; Fig. 4i1s acircuit
dLagran1shomﬁﬁgl§ﬁ gk aRprEedf 10 sthe gerrespond@g RTERrcuit shown in the
above Fig. 2;

structure of the T c?'?‘FliE%hﬁgsL%Rgn?%{‘gﬁﬁ%%%\?’g{%ngg%%g q%7aqse)égg§|9%%8{‘s a
g{??giiﬂoﬁﬁngtgiﬁteghgfc% pi?éiﬁgﬁéé”%ﬂé‘méﬁﬁé§if%% E%c%gg Qﬁgb§£egé
that has been inputted up to that time, and proceeds to

5 another process. On the other hand, when the "NO" input
area 158 is selected, then, the values that have been
inputted up to that time are recorded in the memory 120,
and the analysis condition input screen 151 is aisplayed in
the state of no input in order to receive input.

10 Here, analysis conditions prepared as standards by
the system may be displayed, and, when those conditions can
be used as they are, a confirmatory instruction may be
received. The analysis conditions that have been set are
stored into the memory 120.

15 The CPU 110 uses the data of the distributed
constant part 210 stored in the memory 120 to calculates
the product yI of the propagation constant y and the line
length Z of the distributed constant line expressed by that
data, and makes the memory 120 record the product (Step

20 340). Further, the CPU 110 uses the product yl stored in
the memory 120 to calculate cosh yI and sinh yI constituting
the elements of the F matrix F, shown in the expression (4)
(Step 360). Then, the CPU 110 makes the calculated result
stored into the memory 120.

25 Next, the process of deciding the number of division

n is carried out. 1In this process, as shown in Fig. 10,

———
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Fig. 7 is a block diagram showi ng a system configuration of hardware
resources constituting the system of the present invention; Fig. 8
i s.an explanatory view showing a relation bet ween data to be processed
and the process flowin the di stributed constant approximtion process to
whi ch the present invention is applied,;

16 Fi%. 9 is a flowhart show ng a procedure for, . .
irst the number of division n~ is set as an initial value

"1" (Step 371). Then, the absolute values §;, 8, 8; and the
maximum 8§ among the absolute values §8,, 8,, 83 are obtained
(Step 372). The absolute values §;, §,, d; are obtained by
5 using the expression (20). In detail, they are obtained as
follows. First, the expressions (13), (14) and (14) are
used to obtain the functions ap(yl), ba(yl) and cp(yl), and
these functions are stored into the memory 120. Next, the
expression (20) is used to obtain deviations between cosh
10 y1, sinh y1, which have already been calculated and are
stored in the memory 120, and the corresponding functions
an(yl)., ba(yl), ca(yl). Then, the absolute values of those
deviations are stored into the memory 120 as §;, 0., and 9ds.
Next, §;, 0., and d; stored in the memory 120 are compared
15 with one another in their magnitude to select the maximum 3.
Here, the initial value of the number of division »
is not limited to "1". When nn is expected to be a large
value, a value close to the expected value may be set as
the initial value. When a large value is set as n, it may
20 happen that the set value satisfies the conditions from the
beginning. In that case, the value of n may be decreased
gradually to a value of n that satisfies the conditions on
the margin.
The CPU 110 compares the obtained d with the error
25 tolerance ¢ stored in the memory 120 (Step 373). When § < e,

then, this process is ended since the targeted number of

———
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approximating a distributed constant line, according to the present

I nventi on; Fig. 10 is a flowhart show ng a procedure for deciding
t he nunber of division in the above procedure: Fig. 11 is an
expl anatory vi ew showi ng an exanple of a display screen used for inputting
anal ysis conditions in the present invention; Fig. 12 is a

sectional view show ng structure of a circuit board as an object of
appl yi ng an efbvdsHent 18f obheingd e6¥FRD iIRENt | BhenadK & is notrig. 13 is a
fl omchart show ng anot her exanpl e of a__ procedure for approxinating a

di stri but ed cﬁﬁ‘éf‘éﬁ%eﬁiin*éhea’é\gg?%l?n%ft%’-‘{iﬁfel%\' dsedincrepesd by, 1 (Step

374), and the procedure returns to Step 372 to repeat the
above-described process.

5 When the targeted number of division n is decided,
the CPU 110 proceeds to the process of Step 380 shown in
Fig. 9. Namely, the CPU 110 assigns a Il circuit such as
shown in Fig. 4 as a unit lumped constant circuit to each
subinterval determined by the number of division obtained,

10 and defines a ladder circuit by connecting this II circuit
in cascade (Step 380). Of course, a unit lumped constant
circuit to be employed is not limited to the II circuit.
For example, a T circuit as shown in Fig. 5 may be employed.

The CPU 110 stores the information on the defined

15 approximate lumped constant circuit into the hard disk unit
160 (Step 400). If there is no more process, then, a
series of processes is ended (Step 410). On the other hand,
when there exist any more objects to be approximated, then
the procedure returns to Step 310.

20 Here, it is also possible that, based on the ladder
circuits defined, the lumped constant circuit parts having
lumped constant circuit elements and connection information
are extracted so that those pieces of information are
integrated into the lumped constant part 220 and the

25 connection information 240 shown in Fig. 8, respectively.

In that case, the information on the approximate lumped
\
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Best Mode for Carrying Qut the Invention

node for

the figures.

carrying out the present invention wll

the present invention will be described.
bet ween an input voltage V[err] and an input cur
voltage V[err] and an output current | e;&! in a tw-termnal-pair

(f our - port) €PP§GPPtc§ﬁrﬁEiEx§Fé§s%%ﬁ

transfer

matrix (F matrix).
into the hard disk unit 160.

In the foll ow ng,

t he best

be described referring to

Bef ore the description of the enbodi nent,

t he

General ly,

rent I[err] and an out put

principl e of
a relation

&her dadegratipnydsngtared

Next, an embodiment of the present invention will be

described. The present embodiment will be described

referring to an example in which the present invention is
applied to a process of lumped constant approximation on a

conductive line formed on a circuit board that has such a

cross section as shown in Fig. 12.

The circuit board 1200 shown in Fig.

10 conductor forming a ground layer 1230,

12

comprises a

a substrate 1220 of

a dielectric provided on the ground layer, and a wiring

part 1210 placed on the substrate 1220.

Here, the wiring

part 1210 and the ground layer 1230 are formed of copper.

Further, the substrate 1220 is made of glass epoxy resin.

15 1In the present embodiment, sizes of various parts of the

circuit board 1200 as an object of the analysis are shown

in Fig. 2.
Table 2
Symbol Size |Unit
w wiring width 100 pm
h substrate 90 pm
thickness
t wiring thickness 16 pm
tg ground layer 18 Lm
thickness
1 wiring length 25 mm
ThsﬂmmfhsBmmR
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17 ' [err] Now, it is assumed that a
distributed constant line as an object of the present invention is shown
in Fig. 1. Nanely, it is aline having a line length of 1, and its

parameters are shown in Table 1. Table 1
Paraneters of a distributed constant |ine R Resi st ance
per a unit ) | ength L | nduct ance per a
uni t Furthefengefpsured values on R; L, CoddfctCad@Whedna unit
| engt h C Capaci tance per a unit

Table 1 are ones shown in Table 3.

Table 3

Symbol [Measured value |Unit
R 34.2 Q/m
L 1.19 uH/m
G 0 S/m
C 0.11 nF/m

Further, as the analysis conditions, the operation

W

frequency of 100 MHz and each of three kinds of error
tolerance {(relative value), 1 %, 3 % and 5 % are inputted
through the input device 130.

Using thus-described inputted information, the
processes shown in Figs. 9 and 10 are executed by the CPU
10 110. In consequence, the following results have been

obtained as the decided number of division a#.

When ¢ = 1 %, n = 13
When ¢ = 3 %, n =8
When ¢ = 5 %, n =6
15 As is obvibus from the above result, the number of

division can be decided depending on the magnitude of the

error tolerance ¢ for the approximation. Thus, the number
of division can be decided in accordance with the accuracy
of the approximation, and it is assured that required

20 approximating accuracy is obtained. Conversely, by
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| engt h 1 Line I ength Z[err]

Characteristic inpedance [err] Propagati on const ant

The characteristic inpedance Z[err] and the propagation constant [err] are
given by the expression (2) and the expression (3):

[err] [err] Usi ng these constants, the F matrix

Flerr] of the
employing a number of division that satisfying a required

accuracy, unnecessary processing caused by an excessive
number of division can be avoided. In addition, as
described above, the kinds of data required for deciding

5 the number of division are limited, and the required
calculation is small. Thus, even if the process of
deciding the number of division is carried out in addition
to the approximation process, it does not entail a large
burden on CPU.

10 Thus, as described hereinabove, concerning a circuit
having line parts that are to be treated as distributed
constant in a circuit board etc., it is possible to convert
the distributed constant parts to lumped constant with
target accuracy, and to analyze the object circuit in the

15 1lumped constant state.

In the description of the present embodiment, there
has been no explicit process for selecting a type of
circuit. However, as a type of circuit, a plurality of
types can be conceived. Thus, a plurality of types may be

20 prepared in advance, in order to select any one. Of course,
a certain circuit may be set as a standard designation so
that it is used unless there is a specific designation.

Further, in the above-described embodiment, the
evaluation of an error is carried out employing an absolute

25 error as the tolerance. However, the present invention is

not limited to this, and, for example, a relative error may

I
-
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18-distributed constant line is expressed by the expression (4):

[err] Here, it is considered that the distributed constant |ine
shown in Fig. 1 is divided into n subintervals, and each subinterval is
apprOX|nated by a unit lunped constant <circuit. For approximation, the
unit lunped constant «circuit that approxi mates a subinterval nmay be

considered to be a Il circuit or a T circuit, for exanple. Fig. 2 is an
exanpl e of a Pﬁnﬁéﬁdeoﬂ%Q%uﬁxQﬂR%ﬂJlFaﬁﬁoﬁhﬁ@ﬁheééh subinterval is
expressed by a Il circuit. ? 3 is an
|cosh y1|
82/ |sinh y1|
d3/|sinh y1|

5 may be used to evaluate errors.

Further, the above description has referred to the
example in which the number of division n is decided to
satisfy a given error tolerance. The present invention is
not limited to this. For example, the present invention

10 can be applied to a case where, when the number of division
n is designated, an error tolerance & corresponding to that
n should be obtained. Fig. 13 shows an example of a
procedure followed in that case.

In Fig. 13, the same step number is given to the

15 same process as in the flowchart shown in Fig. 9, avoiding
the repeated description.

Similarly to the case shown in Fig. 9, the CPU 110
takes in the object circuit information (Step 310), and
makes it stored into the memory 120. Next, input of the

20 analysis conditions is received (Step 320). Here, however,
instead of input of an error tolerance &, designation of
the number of division 2 is received. Next, vl is
calculated (Step 340), and sinh yl and cosh ¥l are
calculated (Step 360).

25 Thereafter, the error § corresponding to the given

number of division » is obtained (Step 365). This process
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exanple of a lunped constant circuit in which each subinterval is
expressed by a T circuit. Now, further, the Il circuit (see Fig. 4)
as one subinterval taken fromthe circuit of Fig. 2, and the T circuit
(see Fig. 5) as one subinterval taken fromthe circuit of Fig. 3 will be
considered. F matrices Flerr], F[err], for respective subintervals are
given by the expressions (5), (6). [err]

is carried out as follows, for example. The expressions

(13), (14) and (14) are used to obtain the functions ay(yl).
ba(yl) and cy(yl), which are, then, stored into the memory

120. Next, a deviation between cosh yl and sinh yl which

(9,

have already been calculated and stored in the memory 120

and the functions a,(yl), by(yl) and cp(yl) using the

expression (20), and theh, the absolute values thereof are

stored in the memory as 9;, 0,, 0:. Next, the CPU 110

compares §,, §;, 8 stored in the memory with one another in

10 their magnitude, to select the maximum 8. Then, the
selected § is displayed as the error on the display unit
150.

Thereafter, for example, a ladder circuit is defined
(Step 380), and it is retained in the hard disk unit 160

15 (Step 400). When all the parts to be processed are
finished, the process is ended (Step 410).

According to the example shown in Fig. 13, using the
given number of division n, it is possible to know how
accurately a distributed constant line is approximated by a

20 lumped constant circuit.

The present invention can carry out both processes
shown in Figs. 9 and 13. Namely, the procedure can be so
set that, depending on which of error tolerance & and the
number of division n is inputted as the analysis condition,

25 it is automatically selected which of the processes shown

in Figs. 9 and 13 is to be carried out. Of course, it is
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REPLACEMENT SHEET 19 [err]

Using Z[err] and [err], these expressions can be rewitten into the
expressi ons (7) and (8), respectively.

possible that both error tolerance ¢ and the number of
division n are inputted as the analysis conditions, and an
instruction is given from outside to carry out which of the
processes shown in Figs. 9 and 13.

5 In each of the above-described examples, the
deviations between cosh yl, sinh yl and the functions an(yl),
ba(¥l), ca(yl) are calculated to obtain their absolute
values §;, 8, and 8; by the.expression (20). However, the
present invention is not limited to this. For example,

10 instead of the absolute values, the deviations may be used.

Further, in the above examples, the hard disk unit
160 and the memory 120 are used to carry out various
processes. The present invention, however, is not limited
to this. For example, only the memory 120 of large

15 capacity may be used to carry out all the above-described
processes. Further, when the contents of the memory 120
are retained, they may be stored into the hard disk unit

160.
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[e~fr]

When, the subintervals are cascaded in n

stages to constitute the circuit structures shown in Fig. 2 and 3, their
F matrices Flerr], F[err] are each obtained by nmultiplying Flerr], or
Flerr], n tinmes, thus yielding the expressions (9) and (10).

Flerr] = F[err] ... (9

WHAT IS CLAIMED IS:

1 1. A method of approximating a distributed constant
2 line, which employs an information processing apparatus to
3 perform a process of approximating an object distributed
4 constant line by a lumped constant circuit obtained by
5 cascading a given unit lumped constant circuit in 2z stages,
6 comprising the steps of:
calculating a product y1 of a propagation constant v

of the object distributed constant line and a line length 1
9 of said distributed constant line, and storing said
10 product;
11 calculating cosh yl and sinh yl1, using said yl, and
12 storing said cosh yl1 and sinh y1;
13 calculating a,(yl). b, (vl) and c, (yl) that
14 constitute elements of a transfer matrix of said lumped
15 constant line, from functions a, (x), b, (x) and c, (x)
16 defined by following three e_xpressions:

o (x) = 2 (;:k—l)! x*
17 “n=" (n-k)! (2k)!
b,,(x)=§ z,m(“k)! .
18 S4n" (n-k-1)!(2k +1)!
@O R O

9 ) TR e @k e senLow s
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Fllerr] = Flerr] ... (10 -By actual calculation, these
expressions give the expressions (11) and (12).

20,

20
21
22
23
24
25
26
27
28
29
30
31
32
33

[#%)

o o NN N Wi

10

——

[err]

putting x = y1 and deciding 2 as a tentative value, and
storing said an(yl)., b, (yl) and c, (y1):

comparing said cosh yl with a,(yl), sinh Yyl with
ba(yl), and sinh yl1 with cna(yl), respectively, to make a
judgment on whether a result of comparison satisfies a
predetermined condition, and, when said condition is not
satisfied, repeating steps from said step of calculating
said ay(yl), b, (yl) and c, (yl)., onward, changing the value
of said n, until said result of comparison satisfies said
condition; and

deciding an approximate circuit, using » when said
result of comparison satisfies said condition, in order to
decide, as the approximate circuit, a lumped constant
circuit that is obtained by cascading said unit lumped

constant circuits in » stages.

2. The method of approximating a distributed constant
line according to Claim 1, wherein:

said comparison is carried out by calculating a
deviation between said cosh yl and a,(yl), a deviation
between sinh yl1 and b,(yl), and a deviation between sinh yl
and cn(yl), respectively, and said result of comparison is
obtained as a maximum 8 among those deviations; and

a condition that said maximum § satisfies 8 < ¢ for

an error tolerance ¢ set in advance is used as said

condition to make said judgment. —_

— N L
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in the expressions (11) and (12), af[err], b[err] and c[err] are

functions expressed by the follow ng expressions (13), (14) and (15),
respectively. [err] . As
descri bed above, it is clear that, when the

1 3. The method of approximating a distributed constant
2 line according to Claim 1, wherein:

3 sald lumped constant circuit is constituted by

4 cascading II circuits as said unit lumped constant circuits
5 in n stages, and said transfer matrix of the lumped

6 constant circuit is given by an expression:

an (}, l) Z()b.u (y l)

F,=]|1
| atD e
7 0

8 where Z, is a characteristic impedance of said distributed

9 constant line.

1 4. The method of approximating a distributed constant

QW]

line according to Claim 1, wherein:

said lumped constant circuit is constituted by

~ 0 W

cascading T circuits as said unit lumped constant circuits

W

in 7 stages, and said transfer matrix of the lumped

6 constant circuit is given by an expression:

a,(rl)  Zyc,(r])
F =|1
. T E—-b,, ) e,
7 0
8 where %, is a characteristic impedance of said distributed

9 constant line.

L
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distributed constant line is divided into subintervals and is approxinmated
by the | unped constant line, the F matrix of the-approximate circuit can
be obtained. Further, now, it is necessary to exami ne the approximating
accuracy of the circuit that approximtes the distributed constant |ine.
In order that we can say that the | unped constant

l'i ne afproxinatin the distributed constant line is the correct
apprOX|nat onSef the WGGP§@rP§u?§§r@§h§%5h¥9I?rﬂ%Stﬁkﬁﬁﬁﬂqrﬁfqﬂﬁﬁqq,
Flerr] of the_above expressions i (12) with F[err] of the expression
(4), the féncdiBs arePrpiBHotPdC eifﬁe%tl erein:

3 input of said error tolerance ¢ is received and

4 stored; and

5 said received ¢ is used in the condition to decide

6 the value of said n.

1 6. The method of approximating a distributed constant

2 line according to Claim 2, wherein:

3 as said error tolerance g, input of a plurality of
4 walues is received and stored; and
5 each of said received values for ¢ is used in the

6 condition to decide each corresponding value of said n.

1 7. A method of approximating a distributed constant
2 line, which employs an information processing apparatus to

3 perform a process of approximating an object distributed

4 constant line by a lumped constant circuit obtained by

5 cascading a given unit lumped constant circuit in n stages,
6 comprising the steps of:

7 receiving input of a value of said », and storing

8 said value;

9 calculating a product yl of a propagation constant ¥

10 of the object distributed constant line and a line length 1

11 of said distributed constant line, and storing said

12 product; -

| L A
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approxi mate a hyperbolic cosine, cosh, and the functions b[err] and c[err]
a hyperbolic sine, sinh, respectively. Further, as the nunber of division
becones larger, F[err], F[err] should approach to Flerr]. Thus, obtaining
the limt in the state that the division beconmes infinitesimally fine in

the expressions (13), (14) and (15), i.e., in the state that n becones
the infinity, we have t he expressions (16) and (17)
[err] 13 afcalatdng §P§Bs‘/bfa‘%q1eglé¥br{éss}15ﬁ§9(iﬁ}dah]d' @A are

14 storing said cosh y1 and sinh v1:;

15 calculating ap(yl), b, (yl) and c, (yl) that

16 constitute elements of a transfer matrix of said lumped
17 constant line, from functions a, (x). by (X) and c; (x)

18 defined by following three expressions:

(n+k-p! x*
4 ()= 25 F (r k) (2K)!

19
& (k) X
20 b,(x)= > 7k ~T)! (2% + 1)!
(n + —)(n +k-1! e
- () = 2 2"*‘ k) (2k+D)!

22 putting x = y1l and deciding z# as sald value inputted, and
23 storing said an(yl), b, (yl1) and c, (yl); and

24 calculating a deviation between said cosh yl and
25 ap(yl), a deviation between sinh yl and b,(yl), and a

26 deviation between sinh yl and c,(yl), respectively,

27 obtaining a maximum 38 among those deviations, and

28 outputting said maximum § as an error.

1 8. A system for approximating an object distributed
2 constant line by a lumped constant circuit, comprising:
3 means for storing object circuit information

4 describing the distributed constant line as an object of

‘AR A O
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the Tayl or's expansions of cosh and sinh, respectively. Thus, as the
nunber of terns is increased, a[err] approaches to cosh, and b[err] and
c[err] to sinh. So, the expressions (11) and (12) are appropriate as
approxi mation of the distributed constant line, and the division becones
finer, the degree of approxi mati on becones higher. However, since
t he nunber _of division can not be an infinity of large, it will be further
exam ned what agegpgémation, and approximate circuit inFfprmgtignydeifdning.

required for appropriate accuracy of approximtion froma practical point
of Vi ew. F@re§Sf§he distributed constant line, a lumped constant circuit

7 obtained by cascading a given unit lumped constant circuit
8 1in n stages;

9 means for calculating a product yl1 of a propagation
10 constant y of the object distributed constant line and a
11 line length 1 of said distributed constant line based on

12 said object circuit information;

13 means for calculating cosh ¥yl and sinh yl using said
14 v1;
15 means for calculating each of a,(yl), b, (yl) and c,

16 (yl) that constitute elements of a transfer matrix of said
17 lumped constant line, from functions a, (x), b, (X) and c,

18 (x) defined by following three expressions:

% (rrk-D 2™
a,(x)= 2 n%*7(n - k)t (2k)!

19
b (x) - n=~l (n +k)! x2k+1
20 " ;nz"”(n-k-—l)!(Zk +1)!
2 k
L P+ k =1 e
¢, (%) = 2 =
21 " 2 a*(m-k)  (2k+1)!

22 putting x = y1 and deciding n as a tentative value;
23 means for deciding said » by comparing said cosh yl

24 with a,(yl), sinh y1 with b,(yl), and sinh yl with c,(yl),

25 respectively, to make a judgment on whether a result of

TR R
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t he sake of sinplicity, the distributed constant line is assuned to be

| ossless, and F[err] and F[err] are conpared with F[err] in the case that
one wavel ength is divided into n portions. Witing the wavel ength as
[err], then, 1/[err] =1 in the following equation:

[err] Then, F[err] I's expressed by the follow ng expression

[err] substituting an actual value f in a b[err]
and c[err?6|nCPHBaE%ﬁPBs§FBﬁ§f%§§)aaﬂﬁe§%ﬁﬁrm%ﬁﬂ tﬁﬁ&se kﬁu kPFan are

cal cul ate Then,. t he roxi mati accu is higher, as aJerr] is closer
to 1 and gYerFF13n8°BFg£Efntbson°€'?% stfed, by repeating processes

28 from a process of calculating said as(yl), b, (Yl) and ¢,

29 (yl), onward, changing the value of said », until said

30 result of comparison satisfies said condition; and

31 means for deciding an approximate circuit, said

32 means using n» when said result of comparison satisfies said
33 condition, in order to decide, as the approximate circuit,
34 a lumped constant circuit that is obtained by cascading

35 said stored unit lumped constant circuit in » stages.

1 9. The system for approximating a distributed constant
2 1line, according to Claim 8, wherein:
3 said means for deciding n:

carries out said comparison by calculating a
deviation between said cosh yl and a,(yl)., a deviation
between sinh yl and by(yl), and a deviation between sinh ¥yl
and c,(yl). respectively, to obtain said result of

comparison as a maximum 8 among those deviations; and

o e N9 W

makes said judgment by using a condition that said
10 maximum § and an error tolerance ¢ set in advance satisfy 0

11 < ¢, as said condition.

1 10. The system for approximating a distributed constant

2 1line according to Claim 8, wherein:

3 said system further comprises means for receiving
— | RO AR O
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of.aferr], b[err] and c[err] for n are showmn in Fig. 6. As shown in Fig.
6, when n [err] 15 for exanple, a[err] becones alnost 1, and b[err] and
clerr] become 0.05 or |ess. Next, approxi mation of an object
circuit will be described utilizing the property of the distributed
constant line that it can be approximated with desired accuracy by the
above-descri bed approxi mati on node| . Here will be described an
exanpl e it whABRLigRELLIPROEERR PUt$HEI®or ned using an i nformation processing

23 apparagus shown in Fig. 7. As the informati on processin .
said means for storing possesses approximate circuit

6 information on a lumped constant circuit constituted by

7 cascading a II circuit as said unit lumped coanstant circuit
8 in z stages, and approximate circuit information on a

9 lumped constant circuit constituted by cascading a T

10 circuit as said unit lumped constant circuit in » stages;
11 said means for calculating as(yl), b, (Y1) and c, (Y1)
12 calculates an(yl), b, (yl) and c, (yl) concerning the lumped
13 constant circuit constituted by cascading, in » stages, the
14 unit lumped constant circuit that is designated through

15 said means for receiving designation between said Il circuit
16 and T circuit; and

17 said means for deciding the approximate circuit

18 decides, as the approximate circuit, said lumped constant
19 circuit constituted by cascading said designated unit

20 lumped constant circuit in n stages.

1 11. A system for approximating an object distributed

2 constant line by a lumped constant circuit, wherein,

3 said system comprises:

4 a storage device for storing a program and data; and

W

a central processing unit for executing said program
6 to perform said approximation:
7 said storage device stores object circuit

8 information describing the distributed constant line as an

rLLs
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appar at us,

one that can execute the bel ownentioned operation wll

suffice. The information processing apparatus shown in Fig. 7 conprises: a
mai n body 100 of the information processing apparatus, having a central
processing unit (CPU) 110, a menory 120 and an interface 190; an input
device 130 for inputting a directive instruction or the like; a

conmuni cat |
from anot h
di spl ayin

dat a, progp

on control unit 140 for sendlng/rece|V|ng I.nformation to and

°§§ﬁ&FapgsaFP§°§6ﬁﬁﬁﬁ?Eai?%$ FRRFRXimaty fﬁﬂ%ﬁflGnlt 150 for
| t f th hard di sk t 1 t
SR BL RISEEES IR LA S A e S o,

i sk omi ¢ ¥ as ERERq E30°HE0F CELEPRLE T Br et APAedioe B %e%‘%ﬁs pie "¢

12
13
14
15
16
17
18
19
20
21
22
23

24

26

27
28
29

Jumped constant circuit in » stages to approximate; and

said central processing unit carries out processes
of:

calculating a product ¥yl of a propagation constant ¥y
of the object distributed constant line and a line length 1
of said distributed constant line based on said object
circuit information;

calculating cosh yl1 and sinh yl using said yi:;

calculating each of a,(vyl), b, (yl) and c, (yl) that
constitute elements of a transfer matrix of said lumped
constant line, from functions a, (x), b, (x) and ¢, (x)

defined by following three expressions:

(k-T) x*
4 ()= 2 #0120

_ n-1 (n+k)' x2/¢+1
5) '; % — k ~1)1 (2k +1)!

(n +-—)(n +k - 1)' 21¢+1
() = Z 2"“( 20 (2k+D)!

putting x = vyl and deciding n as a tentative wvalue;
deciding said 2 by comparing said cosh yl with an(yl),

sinh y1 with by(yl), and sinh yl1 with c,(yl), respectively,
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t he hard di sk. The above-nentioned i nput device 130 conprises, for
exanpl e,. a keyboard, and has a device for pointing a position, such as a
nouse. As the portable storage nmedium 180, nmay be used a

rewitable storage nmedi um such as a floppy disk, a nagneto- optical disk,
for exanple. Further, a read-only storage nedium such as a CD-ROM nay be
used. In the present invention, a programexecuted by the CPU 110 nay be
provi ded B@i ngor mabedadindamant Con Rene ther 2xzepild ofh@empagiiEosy ogram i s

installed into the hard disk 160, | oaded
3 satisfies a predetermined condition, and, when said

32 condition is not satisfied, by repeating the processes from
33 the process of calculating said as(yl), by (yl) and c, (yl),
34 onward, changing the value of said n», until said result of
35 comparison satisfies said condition; and

36 deciding an approximate circuit, using n when said
37 result of comparison satisfies said condition, in order to
38 decide, as the approximate circuit, lumped constant circuit
39 obtained by cascading said stored unit lumped constant

40 circuit in n stages.

1 12. A program recorded medium in which a program for
making an information processing apparatus execute a
process of approximating an object distributed constant
line by a lumped constant circuit obtained by cascading a
given unit lumped constant circuit in » stages is recorded,
wherein:

said program makes said information processing

«w N oy i A WwWN

apparatus execute processes of:

9 calculating a product yl of a propagation constant y
10 of the object distributed constant line and a line length 1
11 of said distributed constant line based on said object

12 circuit information;

13 calculating cosh yl and sinh yl using said y1l;

14 calculating each of a,(yl), b, (y1) and c, (yl) that

‘ ) A
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24, into the nmenory 120, and executed by the CPU 110. In the fol |l ow ng
description, the nenory 120 and the hard disk unit 160 are distinguished
from each ot her. However, those two may be taken together as a storage
devi ce as a whol e. : A program executed by the CPU 110 perforns such
a procedure as shown in Fig. 9, for exanple. The process shown in Fig.
9 is one that takes in data on an object circuit to be analyzed and
perforns ihe mppsaitotei eheménts ofli sttrdnafelr owrtstiantofl isaddbyumpkednped
constant circuit, based on that data. Further, the process shown in Fig.
10 is ohké ofospsisapdt Ldse ., ofromefwnotions showe )i nbiri (8) Bndirah (xperforns
processi ng of deciding the nunber n of division for obtaining desired
accur acy. VAl sdefAnedr byafofdowingsthree expressions:

(n+k-1)1 x*
()= Z %100 )1 (2Kk)!

18
Q@+t ™
19 ) 2, ¥ (n -k -1)! (2k +1)!
. (1 +—)(n +k-D!
20 )= Z 2’”‘ (n-k)! (2k +1)!

21 putting x = y1 and deciding n as a tentative value;

22 deciding said 2 by comparing said cosh yl with an(yl).
23 sinh Yyl with b;(yl), and sinh yl with c,(yl), respectively,
24 to make a judgment on whether a result of comparison

25 satisfies a predetermined condition, and, when said

26 condition is not satisfied, by repeating the processes from
27 the process of calculating said a,(yl), b, (yl) and c, (yl),
28 onward, changing the value of said 2, until said result of
29 comparison satisfies said condition; and

30 deciding an approximate circuit, using o~ when said
31 result of comparison satisfies said condition, in order to
32 decide, as the approximate circuit, lumped constant circuit

33 that is obtained by cascading said stored unit lumped

-

ARG

34 constant circuit in » stages.
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used in these processes are included in the program O course, dedicated
progranms may be provided for executing t he operations on the nunerical
formul as. When the CPU 110 executes the program it uses various pieces of
information, and, at the same time, generates various pieces of
intermediate information and final information. Such information includes
the information shown in Fig. 8, for exanple. Fig. 8 shows the
various pikced3ef i nfléyen®riogiamsEgcorfed hpedi s arcandiag itéh CliadgetlRer with
the flow of their processing. The various pieces of information include:
obj ect cir¢ui W¥PPEP&Pmati on 200 that describes an object circuit becomni ng

an obj ect gf the process; analysis
said program:

4 makes said comparison carried out by calculating a

deviation between said cosh yl and a,(yl), a deviation

between sinh yl and b,(yl), and a deviation between sinh y1

5

6

7 and c,(yl), respectively, to obtain said result of

8 comparison as a maximum & among those deviations; and
9

makes said judgment carried out by using a condition
10 that said maximum & and an error tolerance & set in advance

11 satisfy d < &, as said condition.

-

R
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candition information 240 that specifies analysis conditions for the
object circuit in question; elenent information 250 on elenents of a
transfer matrix; nunber- of-division information 260; information 270 on

| unped constant el enents and their connection; and finally- integrated
object circuit information 280 on the object of the circuit analysis.

As the object circuit information 200, object <circuit information set by a
circuit desi PStHAOFt system such as a CAD system or information

i nputted through the i&mut device 130 to define the object circuit is
recei ved A lumped constant line approximating system capable

of approximating a distributed constant line with required
accuracy. The system receives inputs of object circuit

5 information and analysis conditions (Steps 310, 320),
calculates a product yl of the propagation constant y and
the line length 1 (Step 340), and calculates cosh yl and
sinh yl1 by using the product yl (Step 360) to obtain
functions a,(yl), ba(yl) and cp(yl). Then, absolute values &,

10 9§, and §; of the differences between these functions and
cosh yl or sinh yl are obtained, and compares the maximum &
among them with an error tolerance eg. If & < &, the
processing ends, while if 0 < ¢ is not satisfied, the
number of division is increased by 1, and the above

15 processing is repeated, until the number n of division for
approximation is determined (Step 370). Using the
determined number of division, a ladder circuit is defined,
for example, by cascading Il circuits (Step 380), and stored

(Step 400).

52
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as inpdt information. The object circuit information 200 includ&s &°9

di stributed constant part 210 having circuit information concerning the
part of the object:circuit to be treated as a distributed constant | ipe; a
| unped constant part 220 having circuit information conﬁgpmmm{{t\}ﬁeﬁﬂf& t of
the object circuit that can be treated as |unped constant,” "and connection
I pf orpati on 230 having information indicating connecting relationship

bet ncircuit elenents. The distributed constant part 210 incl udes
informati on on resistance R, inductance L, conductance G capacitance C,
and line length 1 shown in the FFAQANEY SFSTEVEPR 1. In the present

i nvention, using the information of the distributed constant part 210,

approxi mati on by | unpedPPRGHMATENG i DFSTRIBUTEP: 6PNEGANT nE&NFat i on on

resi stance R

Technical Field

The present invention relates to a method of and a
system for carrying out an approximation process for
circuit analysis of a distributed constant line. 1In
particular, the present invention relates to a method and a
system for approxihating a distributed constant line by a
lumped constant circuit, with specified accuracy. The
present invention also relates to a storage medium that

stores a program used therefor.

Background Art

With regard to a wiring system such as a printed
board or a multilayer wiring board, it is required to carry
out circuit analysis concerning whether the circuit
realizéﬁﬂdesired operation. Conventionally, analysis
software has been developed for this object. By
designating circuit elements constituting a circuit, ‘a
circuit model is specified, and then, the above-mentioned
software is used for circuit analysis on a computer.

As LSIs are rapidly improved in their operating
speed, a wiring system for transmitting signal between

elements is required to have structure capable of
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I nductance L, conductance G capacitance C, and line | ength

26" 1 is respectively given by nunerical values as design values or
neasur ed val ues. This object circuit information 200, §%¢$pugteﬁ
into the systemof the present invention, and stored, fo%LLéx_ﬁb'e, In the
hard disk unit 160. If necessary, the object circuit information 200 is
also set in the nenory 120. The obj ect rcuit information 200 may be
prepafed by VEpRsmithbréocdssigmel wall fyigh cepeedihefe thatiefdr matidsn s

i nputted fronlanother sgsten1through t he conmuni cati on
necessary to sufficiently understand signal transmission

characteristics of a wiring system. In that case, in order
to realize high speed transmiséion, a wiring system should
be treated as a transmission line so that its transmission
characteristics can be understcod accurately.

However, a circuit to be analyzed includes, in
addition to transmission lines, circuit elements that
should be treated as lumped constants. Thus, lumped
constant and distributed constant coexist. However,
circuit analysis of a lumped constant/distributed constant
mixed system is difficult, since a travelling wave of
voltage/current should be treated.

Thus, it is demanded to approximate a distributed
constant line by a lumped constant circuit. In the
approximation, it is desirable that the degree of accuracy
of the approximation be known. Further, when the
approximation accuracy becomes higher, a load on the
procesé{i;x;g becomes larger. Thus, in approximating a
distributed constant line by a lumped constant circuit, it
is desired that the approximation can be carried out with a

required accuracy.

Disclosure of the Invention
An object of the invention is to provide a process

for approximating a distributed constant line by a lumped
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control unit, a case where the information is inputted through

a portable

storage nedium a case where the system of the present invention itself _
has a CAD function and the information i s generated by that?FPLACEMES SiHd!
stored in the hard disk unit 160, for exanple. As the anal ysis
condition information 240, are used an opgration angul ar frequency [err]

and an error tolerance [err]. These are set in advance or each

time. At

setting, an FApatastreéncuiy. bandli sigl peadtticuliahe diosplrayidei & - 16Ghad

shown in Fig. 11 for exanple, and, input is carried out follow
gui-dance in tRBAdsg¥etam ferfapprdrelngiuing ioristngbluded cogstrnoy

ng the
Léne], Fig.

11 shows an exaggle in which input is received in terns of operation

frequency. A¥&SRARNERFUired aepuract fanshwesdpriaget medsfor ghdti

a program used therefor.

atores

To attain the above object, the present invention

provides, according to its first mode, a method of

approximating a distributed constant line, which employs an

information processing apparatus to perform a process of

approximating an object distributed constant line by a

lumped constant circuit obtained by cascading a given unit

lumped constant circuit in 2 stages, comprising the

of:

calculating a product yl of a propagation constant v

steps

of the object distributed constant line and a line length 1

of the distributed constant line, and storing the product;

calculating cosh yl and sinh yl, using the vyl
storing the cosh yl and sinh vy1;

calculating an(yl), by (yl) and c, (yl) that

, and

constitute elements of a transfer matrix of the lumped

constant line, from functions a, (x), by (x) and c, (x)

defined by following three expressions:

. Q="(n+k—D!x“
- " & n™ T (n - k) (2k)!

YOI N CEY.) B s
" ;n“*‘(n—k—l)!(ﬂm-l)!
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angul ar frequency before using. A plurality of values may be set to each
of.~t he operation angular frequency [err] and the error tolerance [err], to

erformthe analysis for each val ue. - %
'FI)'he i nputted operation angular frequency [err] and error t%?%m.r[%ﬁ%
are stored into the nenory 120. Further, when these pieces of information
are to be retained, they are stored intg the hard disk unit 160.

As for the elenent information 250 on elenent of a transfer matrix,
different .information is used depqui Qﬁ)gp+kgﬁlgcu1k§ztion to be perforned,
and the calculation is . 2 X~

c,(x)= ZU n* k) (2k +1)!

putting x = y1 and deciding » as a tentative value, and
storing the an(yl), b, (yl) and ¢, (y1);

comparing the cosh vyl with a,{yl), sinh yl with b,(yl),
and sinh vl with c,(yl), respectively, to make a judgment on
whether a result of comparison satisfies a predetermined
condition, and, when the condition is not satisfied,
repeating steps from the step of calculating the an(yl). by
{(vyl) and ¢, (vl), onward, changing the value of the n, until
the result of comparison satisfies the condition; and

deciding an approximate circuit, using 2 when the
result of comparison satisfies the condition, in order to
decide a lumped constant circuit that is obtained by
cascading the unit lumped constant circuit in » stages.

In the above-described method, further, the
follow’in‘;t_:-; modes may be optionally employed.
a) The above-mentioned comparison is carried out by
calculating a deviation between the cosh yl1 and an({yl), a
deviation between sinh yl and b,(yl), and a deviation
between sinh yl and c,(yl), respectively, and the result of
comparison is obtained as t1-1e maximum 8 among those
deviations; and

a condition that the maximum § satisfies & ¢ e for
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performed in conpliance wwth this information. Here, sinh [err]l and cgsh

err]l , which constitute elenments of the transfer matrix, a&g;ebhainedq it
%6 tLat end, using RR L, G Cand 1 contained in the above-ﬁﬁ%ﬁ&%%gaﬂ i
di stributed constant part and the operation angular frequency [err]
contained in the analysis conditions, the characteristic inpedance Z err]
and the product [err]l of the propagatdon constant y and the line length
1 are cal cul aamdeenqt oyo Terdriree exgeesinoadvinde ahsl udéd .adhase pi eces of
information are stored in the menory 120. Further, if necessary, they are
al so stored ifaerditkon heg dnake ktheijudgs@ent . O, as the
above-nentioned informati on 250, the transfer matrix Flerr] nay be
obt ai ned. FurPher, wEb@ g§bove-mgntionef i Jumpddaconstantmgyrbeinsasd.
Simlarly, when [err]l is

constituted by cascading a II circuit as the unit lumped

constant circuit in n stages, and the transfer matrix of

the lumped constant circuit is given by an expression:

a,(l)  Zb,(r)
—c.(D) a0

0

Fy =

where Z, is a characteristic impedance of-the distributed
constant line.

c) The above-mentioned lumped constant circuit is
constituted by cascading a T circuit as the unit lumped
constant circuit in » stages, and the transfer matrix of

the lumped constant circuit is given by an expression:

P an (YI) Z()Cn (}' Z)
1:~ F = 1

T 1=—b,(v) a,(y])
Z()

where Zo is a characteristic impedance of the distributed

constant line.

4) Input of the error tolerance ¢ is received and

stored;

and the received ¢ is used in the condition to

decide the wvalue of the n.
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obtained in advance, it may be used too. - Next, the

nurber - of -division information 260 is a value that is decided tqg %%@L
the error of the approximation. To decide this nunber-of- dlbﬁgﬁ@ HELH
information n, error of the approximation is eval uated.

28 The error evaluation of the approxinatiﬁn Is carried out by conparing
correspondi ng elenents in the above-nentiohed Flerr] and Flerr] (F[err] or

Flerr]) to obggin o $nandrb¥ri Ye9ePanéd 4 ha phardeskyone vB1hBSSgrerrors
is less than or equal to a predeterm ned tol erance. For exanpie, in the
above received and stored;

and each value of the received ¢ is used in the
condition to decide the value of the n corresponding
thereto.

Further, a second mode of the present invention
provides a method of approximating a distributed constant
line, which employs an information processing apparatus to
perform a process of approximating an object distributed
constant line by a lumped constant circuit obtained by
cascading a given unit lumped constant circuit in n stages,
comprising the steps of:

receiving input of a value of the », and storiﬁg the

wvalue;

calculating a product yl of a propagation constant vy

of the object distributed constant line and a line length 1
of the dlstrlbuted constant line, and storing the product;

Cl T aZanT el e . e,

o calculatlng cosh Yl and 51nﬁ fI u51ng the yl, and
storlng'the cosh vyl and sinh y1; T
calculating as(yl), b, (yl) and ¢, (yl) that
constitute elements of a transfer matrix of the lumped

constant line, from functions a, (x), by (x) and c, (x)

defined by following three expressions:

& (nek 1)
a.(x) = Z, ¥ (= k)! (26!
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expressions (4) and (11), corresponding el enents are conpared to eval uate
the accuracy. Nanely, the accuracy is judged based on how accuratel{_ t he

function a[err]([err]l) approxi mates the hyperbolic cosi ne REBLAGEMENT cHHERT
[err]l, and how accurately the functions b[err]([err]l) and c[err]([err]l)
approximate the hyperbolic sine functionzyl. In detail, as shown in the

foll ow ng expression (20), absolute values [err] of difference between
correspondi ng el enents are ob&Wa(i Ee = angk +&)he nwibBer of division n at which
t hose val ues becone | ess thath'the gntg%_%_cl?y_r(ggylﬁerror tol erance [err])
is decided. In the case of the T ¢ircuit, difference between the
expressions (4) and (12) is obtained. [err]

I
(n +§)(n.+k-1)! e

@)= 2 m-k) (2K +D)

Kl

putting x = y1l and deciding 2~ as the value inputted, and
storing the as(yl). b; (yl) and ¢, (vl); and

calculating a deviation between the cosh vyl and
an(yl), a deviation between sinh vyl and b,(yl), and a
deviation between sinh vyl and cn(¥l), respectively,
obtaining the maximum § among those deviations, and
outputting the maximum d as an error.

A third mode of the present invention provides a
system for approximating an object distributed constant
line by a lumped constant circuit, comprising:

means for storing object circuit information
describing the distributed constant line as an object of

approximation, and approximate circuit information defining,

-

a lump constant circuit obtained by cascading a given unit lumped constant
circuit in n stages;

means for calculating a product yl of a propagation

- constant y of the object distributed constant line and a

line length 1 of the distributed constant line based on the

object circuit information:




Here, the functions a[err]([err]l), b[err]([err]l) and c[err{R
obt ai ned fromthe correspondi ng expressions (13), (14) and &é@dEMENTaSV"ﬁET
respectively. At that time, the nunber of division n

29 is decided tentatively, and, that tentative nunber is used to obtain
aferr]([err]l), b[err]([err]l) and c[err]g[err]l) corresponding to that

nunmber of division. peans forl MaIldHIF TR 2BsAPIAI IR M y1S usliagednen the
y1;
means for calculating each of an(vl), bn (yl) and c;
(vl) that constitute elements of a transfer matrix of the
lumped constant line, from functions a, (x). by (x) and c,

(x) defined by following three expressions:

_ & (p+k-nr x*
e, (x) Z, 2% (n—k)! (26)!

) anl (n +k)! x2k+l
b,,(x) = ; n2k+l(n -k _1)' (2/( +1)!

. +—)(n+k -N! e
) =3 ”‘*‘ n-k)  (+D)

K=l)

putting x = yl and deciding n» as a tentative value;

means for deciding the 2 by comparing the cosh yl
with as(yl), sinh vl with by(yl), and sinh yl with ca(yl),
respectively, to make a judgment on whether a result of
compar%§on satisfies a predetermined condition, and, when
the condition is not satisfied, by repeating processes from
a process of calculating the ap(yl), b, (yl) and c, (yl),
onward, changing the value of the z», until the result of
comparison satisfies the condition; and

means for deciding an approximate circuit, the means
using n when the result of comparison satisfies the

condition, in order to decide, as the approximate circuit,
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menory 120. Further, the information to be retained is stored into the
hard di sk unit 160. Usi ng the obtai ned nunber of division n, the
i nformati on 270 on | unped constant elenents and their conn gp&ﬂgwﬁ&fﬁ%@ﬁfa

1

| adder circuit shown in Fig. 2 or 3. This information is stored in the
menory 120, and, at the sane tinme, into%he hard disk unit 160.

The above-nmery | d RNt 1ZER18NthiiPed obtashiédtbe| camtddimnditehei r
connection, |unped constant part circuit elenent contained in the | unped

constant part__: q? g%ﬁn % 4h Arstagdsor mat i on contained in the
connection ihg%fﬁﬁ ?%%eg a?gﬂ?ﬁﬁg%?ate%éto generate, as a whole, the
object circuit inforpmtind RAbdrementdonljdeslystem, ciuttiescribed by the
| unped constant circuit. The

following modes may be optionally employed.

£) The above-mentioned means for deciding =:

carries out the comparison by calculating a
deviation between the cosh yl and am(fl), a deviation
between sinh yl and b,(yl), and a deviation between sinh vl
and cp{yl), respectively, to obtain the result of comparison
as the maximum 8 among those deviations; and

makes the judgment by using a condition that the
maximum & and an error tolerance ¢ set in advance satisfy &
< ¢, as the condition.
g) The above-mentioned system further comprises means
for receiving designation from outside;

the means for storing possesses approximate circuit
information on a lumped constant circuit constituted by
cascading a Il circuit as the unit lumped constant circuit
in n» stages, and approximate circuit information on a
lumped constant circuit constituted by cascading a T
circuit as the unit lumped constant circuit in » stages:

the means for calculating as(vl), by (Y1) and c, (yl)
calculates a,(vyl), b, (yl) and ¢, (yl) concerning the lumped
constant circuit constituted by cascading, in n» stages, the
unit lumped constant circuit that is designated through the

means for receiving designation between the Il circuit and T
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object circuit information 280 is stored in the nenory 120 and/or the hard

di sk 160, together with the above-nentioned object circuit yepf ' 0
and the analysis condition information 240. Thi s OgFE%ﬁﬁﬁﬁﬁgﬁ?ﬂzﬁ

information 280 is delivered to a circuit analysis systemin a subsequent
stage and analyzed there. Here, after theggpobject circuit information 280
i s delivered to-dbee Cidfiit analysis systemin the

30 subsequent stage, that information 280 nay be del eted

the means for deciding the approximate circuit
decides, as the approximate circuit, the lumped constant
circuit constituted by cascading the designated unit lumped
constant circuit in z stages.

Further, a fourth mode of the present invention
provides a system for approximating an object distributed
constant line by a lumped constant circuit, wherein,

the system comprises:

a storage device for storing a program and data; and

a central processing unit for executing the program
to perform the approximation;

the storage device stores object circuit information
describing the distributed constant line as an object of

approximation, and approximate circuit information defining,

a lumped constant circuit obtained by cascading a given unit lumped constant
circuit in 7 stages; and

the central processing unit carries out processes

-

of:

calculating a product yl of a propagation constant y
of the object distributed constant line and a line length 1
of the-distributed constant line based on the object
circuit information:;

calculating cosh yl and sinh ¥yl using the y1;

calculating each of ap(yl), b, (yl) and c, (yl) that
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wi t hout being recorded in the present system Next, th

above-nenti oned approxi mation process will be described reﬂfé’r‘&aﬁ'ﬁéﬂo%Fq
fl omchart showi ng the procedure. Fig. 9 shows the flow of the

approxi mati on process according to the present invention. In Fig.

9, when the CPU 110 receives an instructton fromthe input device 130, the
CPU 110 takes dgnd 3&@ %qtemeﬁ‘t‘scaft]a'{?fé’ﬁﬁ@éf U hrSER Bk Ne Lulied

taking-in is carrie out, for exanple, by using the comunication control

unit 140 t0 rem@rvedt! N8 el SroRt fQﬂcEiQﬁ% aanC/{‘El)SYELeO%POénéf‘éhV\ﬂx) via a
comruni cation nmeans such as LAN, etc. , case that the object

circuit inforrgddiged %ystf@ﬂ_g_@wﬁﬁgt hﬁre@oﬁgﬁégsﬁdrmage nmedi um 180, the
i nformati on can be taken in fromthat portable storage medi um 180 t hrough

t he

o= $ koDl 2

* (n = k)t (2Kk)!
- n=1 (n +k) x2k+1
bn (x) = & n "k#l k 1)‘ (2k + 1)'
. +£)(n +k=D!
6 (¥) =Y —%
= n"(n-k) (2k+D!

putting x = y1l and deciding n as a tentative value;
deciding the z by comparing the cosh yl with am(yl),
sinh vyl with bs(vl), and sinh yl with c,(yl)., respectively,
to make a judgment on whether a result of comparison
satisfies a predetermined condition, and, when the
.condition is not satisfied, by repeating the processes from
the process of calculating the ap{(yl). b, (y1) and c, (vl),
onward, changing the value of the n, until the result of
comparison satisfies the condition:; and
deciding an approximate circuit, using z when the
result qf comparison satisfies the condition, in order to
decide; as the approximate circuit, a lumped constant
- circuit that is obtained by cascading the unit
lumped constant circuit in » stages.

Further, a fifth mode of the present invention
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portabl e storage nediumdrive 170. O, the information nmay be taken in
through the input device 130 by nmanual input. Further, in quﬁggmgwrﬁﬁﬁET
the informati on processing apparatus, which constitutes the system of the
present invention, functions also as a @\D system then, the information
in question may be taken in fromthe hard disk unit 160. The obj ect

circuit inforgpéyofled X OProdgrd® redd¥ddid mdlaQuen"RWAREY 420roGHamNesy When
this information is to be retained, it is stored into the hard di sk unit

160. - ek OeS Can Lol e ord ftﬂ:d@@s%@hgchﬁﬁﬁkhtﬁgf@k&&&f@na 200
conprises the distributed constant part 210, the | unped
process of approximating an object distributed constant
line by a lumped constant circuit obtained by cascading a
given unit lumped constant circuit in » stages is recorded,
wherein:
the program makes the information processing
apparatus execute processes of:
calculating a product yl of a propagation constant vy
of the object distributed constant line and a line length 1
of the distributed constant line based on the object
circuit information;
calculating cosh yl and sinh yl using the v1;
calculating each of an(yl), b, (yl) and c, (yl) that |
constitute elements of a transfer matrix of the lumped

constant line, from functions a; (x), by (x) and c, (x)

defined by following three expressions:

L (nek -1 x*
S n™ (n - k)! (2k)!

b (x)= "2 (n+k)! x
S ™ (n =k -1)! (2 +1)!

- an (x) =

n (nz +§)(n +k "1)! 281
= n*lm-k)  (2k+1)!

¢, (%)=

putting x = y1l and deciding » as a tentative value;
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31 constant part 220, and the connection information 230. Here, it

suffices to take in the distributed constant part 210. O rse, R
| unped constant part 220 and the connection information ngﬁmwég\‘?g&gr

in together. The CPU 110 works to storellhe each piece of the taken-in
information into the nenory 120. The CPU 110 receives input of the
analysis conditions (Step 320). The CPU 110 di splays an anal ysi s

condi tion input scrd%@ld(iw'lgn%gg) nsugjhch% g?gx\?h{e& Fldn éfflL wi®l fap@{lqi'spl ay

screen of the display uni to reques I nput required i'tenms. In

the case of (g @gf»g%fg%nﬁewi Bh8NsLARUL SAREER, dnh SHAUb i Fedy 11

| nput areas are together w nessages at pronpt 1 npat.
to make & judgment on whether a result of comparison

satisfies a predetermined condition, and, when the
condition is not satisfied, by repeating the processes from
the process of calculating the a.(yl). bs (yl) and c, (yl),
onward, changing the value of the n, until the result of
comparison satisfies the condition; and

deciding an approximate circuit, using z when the
result of comparison satisfies the condition, in order to
decide, as the approximate circuit, a lumped constant
circuit obtained by cascading the-umit lumped constant
circuit in » stages.

Further, a sixth mode of the present invention provides a program for
making an information processing apparatus execute a process of approximating an
object distributed constant line by a lumped constant circuit obtained by cascading a
given unit lumped constant circuit in n stages, wherein:

. said program makes said information processing apparatus execute processes’
of:

' calculating a product yl of a propagation constant y of the object distributed
constant line and a line length 1 of said distributed constant line based on object
circuit information describing the object distributed constant line;

calculating cosh yl and sinh yI using said y1;

calculating each of an(yl), b (¥l) and ca (yl) that constitute elements of a
transfer matrix of said lumped constant line, from functions an (x), ba (x) and ca (x)
defined by following three expressions:

2 () O (rrk 1) x* .
() an"'l(n—k)!(ﬂc)!

_ n-1 (n +k)' xu“
bn (:c) Z e (ﬂ ~k _1)' (Zk +1)!

. k
e (n° +5)(n +k-1)! o
% n*M(-k)  (2Uk+1D)!

¢, (x) =
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Nanely, a message such as "Pl ease input an operation frequency" together

Wi th associated input areas 153a and 153b, a nessage 154 ¢

ARG 1P garge

Fnput an error tolerance" together with an associ ated inpﬁt area 155, and

a nessage 156 such as "Is input to be coqhinued?" t oget her

with associ at ed

"YES" input area 157 and "NO' input area” 158 are displayed on the analysis
condition input screen 151. Here, the input area 153a is an area for

inputting a puttingex Ehdhandxecidinga as aftew@tesexluefhe i nput area 153b is an

area for i nputtinge@amphod ntr?ga?r § §a§&c8§9 | A4H @ (yD iRh FSwiR IR () Vhn@r
o g

[ G). Wit {
ohoe ()] st Sl e
i nputted

R bR e Bl

comparison satisfies a predetermined condition, and, when said condition is not

satisfied, by repeating the processes from the process of calculating said an(YI), b (Y1)
and ¢, (y1), onward, changing the value of said n, until said result of comparison

satisfies said condition; and

deciding an approximate circuit, using n when said result of comparison
satisfies said condition, in order to decide, as the approximate circuit, lumped
constant circuit that is obtained by cascading said unit lumped constant circuit in n

stages.

Here, for example, the program makes the comparison

carried out by calculating a deviation between the cosh yl

and an(yl), a deviation between sinh yl and b,(yl), and a

deviation between sinh yl and cp(yl), respectively, to

obtain the result of comparison as the maximum & among

those deviations; and makes the judgment carried out by

using a condition that the maximum d and an error tolerance

€ set in advance satisfy 8§ < &, as the condition.

According to the present invention, a circuit board

including a wiring systém to be treated as a distributed

constant line can be approximated as a whole by a lumped

constant circuit. In addition, in approximating a

distributed constant line by a lumped constant circuit, the

approximation can be carried out with required accuracy.

Thus, there is such effect t_hat the accuracy of the

analysis becomes clear. Further, it is possible to know

the accuracy with which the approximation is carried out.

1
|




32 val ue displayed in the correspondi ng area. Furt her, when the

"YES" input area 157 is selected, then, the CPU 110 nukes
record the itens that has been inputted up to that tine, aﬁgﬂégg@gggé%@g[

anot her process. On the other hand, when the "NO' input area 158 is

sel ected, then, the values that have bgen inputted up to that tine are
recorded in the nmenory 120, and the amalysis condition input screen 151 is
‘displayed in the state of no input in order to receive input.

Here, analysis conditions prepared as standards by the system may be

di. spl ayed, and, when thoseBrpafli Désesiptaion of Drawings

Fig. 1 is an explanatory view schematically showing
a distributed constant line;

Fig. 2 is a circuit diagram showing an approximate
lumped constant circuit obtained by dividing a distributed
constant line into n subintervals, and by expressing each
subinterval by a II circuit:

Fig. 3 is a circuit diagram showing an approximate
lumped constant circuit obtained by dividing a distributed
constant line into n subintervals, and by expressing each
subinterval by a T circuit;

Fig. 4 is a circuit diagram showing an example of
structure of the II circuit shown in the above Fig. 2:

_Fig. 5 is a circuit diagram showing an example of
structure of the T circuit shown in the above Fig. 3;

Fig. 6 is a graph showing degree of approximation in
relation to the number.of division n;

‘Fig. 7 is a block diagram showing a system
configuration of hardware resources constituting the system

of the present invention;

Fig. 8 is an explanatory view showing a relation

between data to be processed and the process flow in the
distributed constant approximation process to which the

present invention is applied;
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be used as they are, a confirmatory instruction nmay be received. The

anal ysis conditions that have been set are stored into the BEPORCBMEBAOSHEET
The CPU 110 uses the data of the distributed constant part 210 stored in
the nenory 120 to calculates the product [err]l of the propagation
constant [err] and the line Ilength | of the distributed constant |ine
expressed by that data, and nakes thesnenory 120 record the product (Step
340). Further, the CPU 110 uses the product [err]| stored in the nenory

120 to calculate c [grglLl | | dadel el ement s of
the F matrix F[err?igﬁog/ni%nafﬁgogi%%{sggl%aré%@?& epdglg:oe) Ffr&%hen, 'the CPU

110 nmakes tHﬁ;Eé&ﬁﬂ&@iﬁ& ée@i@%ﬁ}ﬁﬁéﬁdﬁ#ddﬁf&nkhQiﬁ%qn%ﬁc%%@ing to the Next,

t he process of deciding the nunber | Vi Sl on

present invention:

Fig. 10 is a flowchart showing a procedure for
deciding the number of division in the above procedure:

Fig. 11 is an explanatory view showing an example of
a display screen used for inputting analysis conditions in
the present invention;

Fig. 12 is a sectional view showing structure of a
circuit board as an object of applying an embodiment of the
present invention: and

Fig. 13 is a flowchart showing another example bf a
procedure for approximating a distributed constant line

according to the present invention.

Best Mode for Carrying Out the Invention
In the following, the best mode for carrying out the
present invention will be described referring to the
figures. Before the description of the embodiment, the
principle of the present invention will be described.
Generally, a relation between an input wvoltage V,
and an input current I; and an output voltage V,; and an

output current I; in a two-terminal-pair (four-port)

circuit can be expressed as an expression (1) using a

transfer matrix (& matrix).

REPLACEMENT SHEET
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nis carried out. In this process, as showm in Fig. 10,
33 first the nunber of division nis set as an initial val ueBEMGEMgﬁeﬁHEET

371). Then, the absolute values [err] and the naximum[err] anmong the
absolute values [err] are obtained (Step 372). The absolute values [err]
are obtained by wusing the expression (20). In detail, they are obtained as
follows. First, the expressions (13), (149 and (15) are wused to obtain the
functions a[err]([err]l), b[err]([err]l) and c[err]([err]l), and these

functions are stored into th no 120. Next, the expression (20) is
used to obtain deviations bef%%gon%ih
L L cee (1)
Now, it is assumed that a distributed constant line
as an object of the present invention is shown in Fig. 1.
Namely, it is a line having a line length of 1, and its

parameters are shown in Table 1.

Table 1
Parameters of a distributed constant line
R Resistance per a unit
length
L Inductance per a unit
length
G Conductance per a unit
length
c Capacitance per a unit
length
1 Line length
Z, Characteristic impedance
y Propagation constant

The characteristic impedance Z, and the propagation

constafit y are given by the expression (2) and the

expresSion (3):

}R+ij

VG+ij

=

eee (2)

y=JR+joL)G+jaC) 5,

Using these constants, the 7 matrix 5, of the

REPLACEMENT SHEET
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[err]l, sinh [err]l, which have al ready been cal culated and are stored in
the memory 120, and the corresponding functions a[err] (BePLAREMENT SHEET
b[err]([err]l), c[err]([err]l). Then, the absol ute val ues of those
deviations are stored into the nmenory 1 as [err] and [err]. Next, [err],
and [err] stored in the nmenory 120 are npared w th one another in their
nmagni t ude t o &isitacitbutied wexistamt| 2ing. 1s expressaderhy, thee §XROESHLORA| ue of
the nunber of division n is not limted to "1". Wien n is expected to be a
- large value,(4d:value close to the expected value may be set as the
initial value. Wien a |arge value is set as n It may happen that the set
val ue satisfies the conditions fro %P ing. In that case, the val ue
of n may be decreased graduall a?‘ n that satisfies the
conditions on the margin. Zfo= __ﬁnhyl amhyl

0 ce. (4)

Here, it is considered that the distributed constant
line shown in Fig. 1 is divided into 2~ subintervals, and
each subinterval is approximated by a unit lumped constant
circuit. For -approximation, the unit lumped constant
circuit that approximates a subinterval may be considered
to be a [I circuit or a T circuit, for example. Fig. 2 is
an example of a lumped constant circuit in which each
subinterval is gxpressed by a II circuit. Fig. 3 1is an
example of a lumped comnstant circuit in which each
subinterval is expressed by a T circuit.

Now, further, the II circuit (see Fig. 4) as one
subinterval taken from the circuit of Fig. 2, and the T

- circuit «{see Fig:w 5)-86-one .sphinterval taken from the
circuiE of Fig. 3 will be considered. F matrices Fp,, Fm

for respective subintervals are given by the expressions

(5), (6).

1+£:(R+ joL)YG + joC) LR+ joL)
E, - [ 2n” . " (5)
“(G+ ;wc){ —(R+ ijXG+ ]wC)} — (R+ joL)G + jwC)
n

REPLACEMENT SHEET |
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The CPU 110 conpares the obtained 6 with the error tolerance e stored in
the menory 120 (Step 373). Wien [err] < [err], then, this_mg@ggﬁgngSHﬁﬁbd
since the targeted nunber of 34
division is obtained (Step 373). Wen Efjr] < [err] is not satisfied, the
nunber of division is increased by 1 (Step 374), and the procedure returns
to Step 372 to repeag2the abgve-descrjped professg:

VWhen
t arget ed nunber o 5 (Bitoiw )G ¢ jaxt, d'e 7+ JOR ICRp—i@dh?%X@édé"q)% t he
process of Stgp =380 Shown in Fig. 9. nely, "CPU 110 assigns:@ th- (6)

circuit such as L«}+jmc) 1+51(R+]wLﬁ3+JwC)
n n-

Using Z, and y, these expressions can be rewritten

into the expressions (7) and (8), respectively.

L g
F 2n” n
Mn 2 2
1y 1+(71’ 1 by

Zyn 4n- 2n- (7)

1+___(yl)“ anl_ 1+—-(Yl -}

2 4’1:
F" “
’ iy_l. 1+.(Y_l);
Z, n 2n*

. (8)

When, the subintervals are cascaded in n» stages to
constitute the circuit structures shown in Fig. 2 and 3,
their F matrices Fp, Fr are each obtained by multiplying Fi,.
o Fop, ;2 times, thus yielding the expressions (9) and (10).

Fp = P, cee (9)
Fp = Fp, ... (10)
- By actual calculation, these expressions give the

expressions (11) and (12)}.
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shown in Fig. 4 as a unit lunped constant circuit to each subinterval _
deternined by the nunber of division obtained, and defineSBaWMGHMENTSHEE
circuit by connecting this Il circuit in cascade (Step 380). O course, B
unit lunped constant <circuit to be eng*oyed is not limted to the |
circuit. For exanple, a T circuit as own in Fig. 5 may be enpl oyed.

The CPU 110 stores the information on the defined approxinate |unped
constant circuit into the hard Hi&Krini tZ2d&H](Step 400). If there is no
nore process, then, a serié§=ﬂ_jp%8f@ssgs,bf ended (Step 410). On the
other hand, when there exist apy o] r%b i to be g BOXiﬁBted, t hen
the procedure returns to Step 310. Here, it* - so possi bl e that,

based on the | adder circuits defined, the |lunped constant circuit parts
havi n :
’ 00D Zye, (D)

E=11pon a,0b
Z, . ... (12)

Here, in the expressions (11) and (12), &, b, and ¢c;
are functions expressed by the following expressions (13),

(14) and (15)., respectively.

Lo(n+k-D x*
&n* " (n - k)L (2k)! ... (13)

a,(x)=

a-1 2t
(n+k)! x
b =
DB = kD AT . (14)

-k
. (7 + —2-)(71 +k -1)! £33
& n*e-k (kDD (g5

CII (x) =

-

As described above, it is clear that, when the
distributed constant line is divided into subintervals and
is approximated by the lumped constant line, the F matrix
of the -approximate circuit can be obtained. Further, now,
it is necessary to examine the approximating accuracy of
the circuit that approximates the distributed constant line.

In order that we can say that the lumped constant

REPLACEMENT SHEET |

...........................




| unped constant circuit elenents and connection information are extracted
so that those pieces of information are integrated into the |unped
constant part 220 and the connection information 230 shom@;@ cEONT 8HFET
respectively. In that case, the informatjon on the approxifaté |anped
35 constant circuit as a result of the integration is stored into the

hard di sk uni §1360approximat eyt theraantiadivied cohsthatpiesentsi tiention
wi Il be described. The present enbodiment will be described referring to
an exanpl e i ncybiebtt BEpPEREREE 1N\ MY dewl distributed constant line,
éomparing Fp, Fr of the above expressions (11). (12) with 7
of the expression (4), the function a, should correctly
approximate a hyperbolic cosine, cosh, and the functions 2,
and ¢, a hyperbolic sine, sinh, respectively. Further, as
the number of division becomes largef, Fn, Fr should
approach to F,. Thus, obtaining the limit in the state that
the division becomes infinitesimally fine in the

expressions (13), (14) and (15), i.e., in the state that »

becomes the infinity, we have the expressions (16) and (17).

= x:k
lima, (x) =
e 2(2@’ ... (16)

x.’lkd

(2% +1)! (17)

. o o

mq@=mqm=z
n—ex n—ex =t

The right sides of the expressions (16) and (17) are
the Tazlor’s expansions of cosh and sinh, respectively.
Thus, as the number of terms is increased, &, approaches to
cosh, and b, and c, to sinh. So, the expressions (11) and
(12) are appropriate as approximation of the distributed
constant line, and the division becomes finer, the degree
- of approximation becomes higher.

However, since the number of division can not be an

infinity of large, it will be further examined what degree

REPLACEMENT SHEET
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applied to a process of |unped constant approxi mation on a _conductive |ine
formed on a circuit board that has such a cross section asREMAGEMERT SHEET
12. The circuit board 1200 shown in Fig. 12 conprises a conductor
formng a ground | ayer 1230, a substrzie 1220 of a dielectric provided on
the ground | ayer, and a wiring part 1210 placed on the substrate 1220.

Here, the wirig3gqiRdklhoh2iQ 2Bgulibeadf&HNEbprotafiatd3dowuraoyr mEd of copper

Further, the substrate 1220 is made of glass epoxy resin. In the present
embodi nent.,, SiaZ@soRhmARAbAUErBAr hSpBacti€al gt tofhadredr.1286ras £or obj ect
of the analysis are shown in Fig. 2. Table 2

the sake of simplicity, the distributed constant line is

assumed to be lossless, and Fp and Fpr are compared with 5,

in the case that one wavelength is divided into 2 portioms.
Writing the wavelength as A, then, 1/A = 1 in the following

equation:
yl=j27t-l—
A ... (18)

Then, F, is expressed by the following expression.

cosh(j27) Z,sinh(j2t)

1 10
—sinh(j27) cosh(j27) | |0 1
Z, ... (19)

F =

Now, substituting an actual value for 2 in a,, b,
and ¢, in the expressions (11) and (12), values of those
functions are calculated. Then, the approximating accuracy
is higher as &, is closer to 1 and b, and ¢, to 0. Values
of &,, b, and c, for n are shown in Fig. 6. As shown in Fig.
6, when n = 15 for example, a, becomes almost 1, and b, and
c, becéme 0.05 or less.

Next, approximation of an object circuit will be
described utilizing the property of the distributed
constant line that it can be approximated with desired
accurat—:y by the above-described approximation model.

Here will be descrit;ed an example in which the

process is performed using an information processing
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Synbol Size Unit w wiring width

100 [err]m h substrate 90 [err]m

t hi ckness t wiring thickness 16 REPLABRMENT SHFET
ground | ayer 18 [err]m n t hi ckness I '
wiring length 25 nm 3

6
F her, d <] h
| ﬁ”Taglf 3 g?a%ﬁ&y@&ye&% Rnlpi f5 a0 %%@%@%ﬁbn{@@i& &gy shown

apparatus, one that can execute the below-mentioned
operation will suffice. The information processing
apparatus shown in Fig. 7 comprises: a main body 100 of the
information processing apparatus, having a central
processing unit (CPU) 110, a memofy 120 and an interface
190; an input device 130 for inputting a directive
instruction or the like; a communication control unit 140
for sending/receiving information to and from another
apparatus via communication means; a display unit 150 for
displaying a result of the processing; a hard disk unit 160
for storing data, programs, and the like: and a portable
storage medium drive 170 for driving a portable storage
medium 180. Although this example uses the hard disk unit
as a storage device, the storage device is not 1limited to
the hard disk.

The above-mentioned input device 130 comprises, for
example, a keyboard, and has a device for pointing a
positiqp, such as a mouse,

As the portable storage medium 180, may be used a
rewritable storage medium such as a floppy disk, a magneto-
optical disk, for example. Further, a read-only storage
medium "such as a CD-ROM may be used. In the present
invention, a program executed by the CPU 110 may be
provided being recorded in the CD-ROM, for example. Then,

the program is installed into the hard disk 160, loaded

...........................




Synbol Measured val ue Uni t R 34.2

/ L 1.19 H G
E)e’”] " S/ m C 0. 11[e”] " REPLAREMENT SHEET

Further, as the analysis conditions, the operation frequency of 100 Mz
and each of three kinds of error toleranege (relative value), 1 % 3 % and

5 %are inputt t R ou P Uty deyl : | 119,
0 dﬁ]&nop él{ée)ﬁ?nrﬁf 1278V Gnd %&g@@u%é@ by the CP®SITH. In the

t hus- descri be utt mat i on, t processes shown in Figs. 9 and 10
‘are execut ed by, 115, GRU aelk1 il ONSREURBAB vt 180 T Ad OMidI thdes Wilsk have

been obtained as the deci ded nunber of division n. When
[err] =1 % wunit 160" arelAistinguished from each other. However, those
two may be taken together as a storage device as a whole.

A program executed by the CPU 110 performs such a
procedure as shown in Fig. 9, for example. The process
shown in Fig. 9 is one that takes in data on an object
circuit to be analyzed and performs the approximation of a
distributed constant line by a lumped constant circuit,
based on that data. Further, the process shown in Fig. 10
is one of subroutines of the process shown in Fig. 9, and
performs processing of deciding the number » of division
for obtaining desired accuracy. Also, numerical formuias
used in these processes are included in the program. Of
course, dedicated programs may be provided for executing
the operations on the numerical formulas. When the CPU 110

. executes the program, it uses various pieces of information,
and, at the same time, generates various pieces of
interm?diate information and final information. Such
information includes the information shown in Fig. 8, for
example.

Fig. 8 shows the various pieces of information used
in the present invention, together with the flow of their
processing. The various pieces of information include:
object circuit information 200 that describes an object

circuit becoming an object of the process; analysis

REPLACEMENT SHEET
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Wien [err] = 3 % n =28 Wen E =5 n==~6
As is obvious fromthe above result, the nunmber of division can be deci ded.

dependi ng on the magnitude of the error tolerance [err] for ’ﬁﬁCEng ET
approxi mation. Thus, the nunber of divigion can be decided in accordan Jg
with the accuracy of the approximation, and it is assured that required

approxinat!ng é&ﬂaﬁﬁﬂahiﬁhfﬂﬁﬁﬂtﬁ%ﬂ-2§§n¥35§?§¥e¢£$ies analysis

37 enploying a nunber of division that satisfying a required accuracy,

unnecessary pProyRsisiitths FeTeEnRY oBJeC¥CBISEMEL in question; element
information 250 on elements of a transfer matrix; number-
of-division information 260; information 270 on lumped
constant elements and their connection; and finally-
integrated object circuit information 280 on the object of
the circuit analysis.

As the object circuit information 200, object
circuit information set by a circuit design support system
such as a CAD system, or information inputted through the
input device 130 to define the object circuit is received
as input information. The object circuit information 200
includes: a distributed constant part 210 having circuit
information concerning the part of the object circuit to be
treated as a distributed constant line; a lumped constant
part 220 having circuit information concerning the part of
the object circuit that can be treated as lumped constant;
and connection information 230 having information
indicating connecting relationship between circuit elements.
The distributed constant part 210 includes information on
resistance R, inductance L, conductance G, capacitance C,
and line_length 1l shown in the above-described Table 1. 1In
the present invention, using the information of the

- distributed constant part 210, approximation by lumped

constant circuit is performed. Information on resistance R,

inductance L, conductance G, capacitance C, and line length

RFPLACENHBWTSHFFT
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nunber of division can be avoided. In addition, as described above, the
kinds of data required for deciding the nunber of division BEEACFRFNBGHFET
and the required calculation is small. Thus, even if the process of
deci ding the nunmber of division is carrjed out in addition to the

approxi mati on process, it does not entail a large burden on CPU

Thus, as descyibed bepebnabove. &5 i 101C Viall ueltawisngelsiiga part s
that are to be ?regteg as d?sfr? utedjwconstght inaé circuit board etc., it

i's possible tg.¢egu¥est mbhsudbdtvapuwded constant parts to |unped constant
with target accuracy, and to analyze the object circuit in the [|unped
constant state. This! BbljR8tdeSEELDE | Diif G¥md tiorpratenls ampuditedntintoher e
the system of the present invention, and stored, for
example, in the hard disk unit 160. If necessary, the
object circuit information 200 is also set in the memory
120. The object circuit information 200 may be prepared by
various methods, including a case where the information is
inputted from another system through the communication
control unit, a case where the information is inputted
through a portable storage medium, a case where the system
of the present invention itself has a CAD function and the
information is generated by that function and stored in the
hard disk unit 160, for example.
As the analysis condition information 240, are used
an operation angular frequency o and an error tolerance t.
These are set in advance or each time. At setting, an
input screen may be displayed on the display unit 150 as
shown in Fig. 11 for example, and, input is carried out
following the guidance in the screen. As for the operation
angular frequency «, Fig. 11 shows an example in which
input is received in terms of operation frequency.
Accordingly, the inputted frequency is transformed into an
- angular frequency before using. A plurality of values may
be set to each of the operation angular frequency w and the

error tolerance &, to perform the analysis for each value.
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has been no explicit process for selecting a type of circuit. However,
a type of circuit, a plurality of types can be conceived

pturality of types may be prepared in advance, in order toﬁgm@%ﬁ%ﬁ@

O course, a certain circuit my be set_as a standard designation so that

iL S gsed unl ess there is a specific dé&Signation. -Further, in the
above-describ e | t 'l ahd eakphked out
enpl oyi ng an gggo?‘gggkgggro épgt%ﬁ)éaét%lr%c‘gje IéV\nE\S/(er at he present

EE;EZ&K/EI\HS Sﬁ@%&zéh&t £hiP direq an¢o tBe ﬁéga%eu@. r ehtthee ekhen May
these pieces of information are to be retained, they are
stored into the hard disk unit 160.

As for the element information 250 on element of a
transfer matrix, different information is used depending on
calculation to be performed, and the'calculation is
performed in compliance with this information. Here, sinh
vl and cosh yI , which constitute elements of the transfer
matrix, are obtained. To that end, using R, L, G, C and 1
contained in the above-mentioned distributed constant part
and the operation angular frequency w contained in the
analysis conditions, the characteristic impedance Z, and
the product yl of the propagation constant y and the line
length 1 are calculated employing the expressions (2) and
(3). These pieces of information are stored in the memory
120. Further, if necessary, they are also stored into the.
hard disk unit 160.

Or, as the above-mentioned information 250, the
transfer matrix Fy, may be obtained. Further, when y is
obtained in advance, it may be used. Similarly, when yl is
obtained in advance, it may be used too.

-Next, the number-of-division information 260 is a
value that is decided to evaluate the error of the

approximation. To decide this number-of-division

information 2, error of the approximation is evaluated.
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be used. For exanple, ratios such as: [err]

[err]

Furt her,

nunber
pr esent
i nvent i

t he above description has referred to the exanpl

[err] may be used to eval uate errorngW#C&Mﬁ§E5¥'g?

of division nis decided to satisfy a given error tolerance. The
invention is not limted to thi$8 For exanple, the present

on

capnhRec2pBki 8¢al Gafi6RSEE Wied eappitariniatd onuiisecaxfrididvipsitohy n

is designated, an error tolerance [err] corresponding to that n should be
obt ai ned. Fi gcohpaghayscofrespoptien®feremarine ediirthefl @bovwethentioned Ease.

In Fig.

13,

t he sanme step nunber is given to the
and F, (Fg or Fp) to obtain errors and by judging if the

largest one in those errors is less than or equal to a
predetermined tolerance. For example, in the above
expressions (4) and (11), corresponding elements are
compared to evaluate the accuracy. Namely, the accuracy is
judged based on how accurately the function an(yl)
approximates the hyperbolic cosine function cosh vl, and
how accurately the functions b,(yl) and cn(yl) approximate
the hyperbolic sine function yl. In detail, as shown in the
following expression (20}, absolute values 81, O, 8z of
difference between corresponding elements are obtained, and
the number of division z~ at which those values become less
than the target accuracy (error tolerance t) is decided. In
the case of the T circuit, difference between the

expressions (4) and (12) is obtained.

- 8, « |cosh(yl) ~a,(v])
8, < [sinh(y) - b, (y])]
8; < [sinh(y]) - ¢, ()|
6 <« max (61,62,63) (20)

Here, the functions ap(yl), ba(yl) and ca.(yl) are

obtained from the corresponding expressions (13), (14) and

(15), respectively. At that time, the number of d4ivision =z
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sanme process as in the flowhart shown.in Fig. 9, av0|d|ng he re eated
descri pti on. Sinmilarly to the case shown in Fig. 9, ﬁﬁﬁEE{
takes in the object circuit information (Step 310), and nakes it stored
into the nmenory 120. Next, input of the analysis conditions is received
(Step 320). Here, however, instead of iZAput of an error tol erance [err],

desi gnation ofjg eféelrae&been%teww oan@ | Shd € cednack i Ve rumbled! sl uised
calculated (Step 340), and sinh [err] and cosh [err]] are calculated

(Step 360). to obtalRCGGEINIEN b, (118 &dd'c [(e:t | cERFd SR G o @nlalte gi ven
nunber of division n is obtained ?E%ep 6 ghls process
number of division.

The information obtained here is stored in the
memory 120. Further, the information to be retained is
stored into the hard disk unit 160.

Using the obtained number of division r, the
information 270 on lumped constant elements and their
connection defines a ladder circuit shown in Fig. 2 or 3.
This information is stored in the memory 120, and, at the
same time, intc the hard disk unit 160.

The above-mentioned information 270 on lumped
constant elements and their connection, lumped constant
part circuit element contained in the lumped constant part
220, and the connection information contained in the
connection information 230 are integrated to generate, as a
whole, the object circuit information 280 on the object
circuit described by the lumped constant circuit. The
object circuit information 280 is stored in the memory 120
and/or the hard disk 160, together with the above-mentioned
object circuit information 2090 and the analysis condition
information 240.

This object circuit information 280 is delivered to
a circuit analysis system in a subsequent stage and
analyzed there. Here, after the object circuit information

280 is delivered to the circuit analysis system in the

15 APR 2000
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39 is carried out as follows, for exanple. The expressions (13), (14) and

(15) are used to obtain the functions aferr]([err]l), b[errh£$§§§$kﬁT%ﬂgﬁﬁ'

c[err]([err]l), which are, then, stored into the nenory 120:-
devi ati on between cosh [err]l and sinh [err]l which have already been
cal cul ated and stored in the nmenory 120 ald the functions aferr]([err]l),

absol Ut o val USSR Kt chal LRI EHEC LIPS Y e Bed e pU
.110 conpares 4 HdutSt&Hi‘?%aiﬁch eBERRT ¥p¥i pHe OO M, In their
magni tude, to select the ximum[err]. Then, the selected 6 is displayed
as the error on the gispl a¥edtidbove-mentioned approximation process will
be described referring to a flowchart showing the procedure.
Fig. 9 shows the flow of the approximation process
according to the present invention.

In Fig. 9, when the CPU 110 receives an instruction
from the input device 130, the CPU 110 takes in the object
circuit information (Step 310). This taking-in is Earried
out, for example, by using the communication control unit
140 to receive the information from a CAD system not shown,
via a communication means such as LAN, etc. Or, in the
case that the object circuit information is stored in ihe
portable storage medium 180, the information can be taken
in from that portable storage medium 180 through the
portable storage medium drive 170. Or, the information may

. be taken in through the input device 130 by manual input.

Further, in the case that the information processing

apparaEus,“whiehwconsti;utes_tpe system of the present

invention, functions also as a CAD system;. then, the

information in question may be taken in from the hard disk

unit 160. The object circuit information taken in is

stored "into the memory 120. Further, when this information
- is to be retained, it is stored into the hard disk unit 160.

As described above, the object c¢ircuit information

200 comprises the distributed constant part 210, the lumped
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150. Thereafter, for exanple, a ladder circuit is defined (Step
380), and it is retained in the hard disk unit 160 (Step 40CBEPLAGEMENT SHEET
the parts to be processed are finished, the process is ended (Step 410).
According to the exanple shown in Fig. 13, using the given nunber of
division n, it is possible to know how agrurately a distributed constant

line i's approxigmieshDypdrt |92 b0 ReaBonGbEEYbA . informat1dhie B esent

i nvention can carry out” both processes shown in Figs. 9 and 13. Nanely,
the procedure gafe b6 £ GusBlcdddo tdRRCHA RHe0Ri ¥bELhuOéd EEsmEtdt Gaance

[err] and the nunber of division nis inputted as the analysis condition,

it is automatigghly orelRalred , Weheh1Ghpéd ool SEAFE PardN @D and the
connection information 230 may be taken in together. The
CPU 110 works to store the each piece of the taken-in
information into the memory 120.

The CPU 110 receives input of the analysis

conditions (Step 320). The CPU 110 displays an analysis
condition input screen (window) such as shown in Fig. 11,
on the display screen of the display unit 150, to request
the input of required items. In the case of the analysis
condition input screen 151 shown in Fig. 11, input areas
are displayed together with messages that prompt input.
Namely, a message such as "Please input an operation
frequency”™ together with associated input areas 153a and
153b, a message 154 such as "Please input an error
tolerance” together with an associated input area 155, and
a message 156 such as "Is input to be continued?” together
with associated "YES" input area 157 and "NO" input area
158 are displayed on the analysis condition input screen
151. Here, the input area 153a is an area for inputting a
value that expresses a frequency. The input area 133b is
an area for inputting a symbol that expresses magnitude

- such as mega (M) or giga (G). With respect to the area
153a, 153b or 155, when a value is inputted through the

input device 130, then, the CPU 110 makes the inputted
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in Figs. 9 and 13 is to be carried out. O course, it is o  OUFET
40 possible that both error tolerance [err] and the number ﬁtMﬁ&ﬁwﬁﬁfoﬁ£h“
are inputted as the analysis conditions, and an instruction is given from
outside to carry out which of the proces®es shown in Figs. 9 and 13.
In each of the above-described exanples, the deviations between cosh

[err]l, sinh [anikl dasglakeadl incthensostespdidaig |[dgea. blerr]([err]l),
c[err]([err]l) are calculated to obtain their absolute values [err] by the
expressi on (20). Howswatthelrhe wheheshst "¥YBSEninpunt i srewtl 7 nig exkliectied,s.
For exanpl e,
: "then, the CPU 110 makes the memory 120 record the items
that has been inputted up to that time, and proceeds to
another process. On the other hand, when the *NO” input
area 158 is selected, then, the values that have been
inputted up to that time are recorded in the memory 120,
and the analysis condition input screen 151 is displayed in
the state of no input in order to receive input.

Here, analysis conditions prepared as standards by
the system may be displayed, and, when those conditions can
be used as they are, a confirmatory instruction may be
received. The analysis conditions that have been set are
stored into the memory 120.

The CPU 110 uses the data of the distributed
constant part 210 stored in the memory 120 to calculates
the product yI of the propagation constant y and the line
length I of the distributed constant line expressed by that
data, §nd makes the memory 120 record the product (Step
340). Further, the CPU 110 uses the product yI stored in
the memory 120 to calculaté cosh yI and sinh yI constituting
the elements of the F matrix F, shown in the expression (4)
(Step 360). Then, the CPU 110 makes the calculated result
stored into the memory 120.

Next, the process of deciding the number of division

n is carried out. In this process, as shown in Fig. 10,

REPLACEMENT SHEET
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I nstead of the absolute values, the deviations nmay be used.

Further, in the above exanples, the hard disk unit 160 and RBPEACEAENTY SHERT
afe used to carry out various processes. The present invention, however,
is not limted to this. For exanple, only the nenory 120 of | arge
capacity may be used to carry out all tB® above-described processes.

Further, wheneihey CORL CRLRLEE 6@%{@%&% 12Qs 3? 8t ahneditibeyvabye be

stored into the hard di sk unit 160

41 _ 1" (Step 371). Tﬂgﬂglwﬁe absolute values 9;, 8:, 03 and the
haximum d among the absolute values 9, §;, d; are obtained
(Step 372). The absolute values 8;, 8, d; are obtained by
using the expression (20). In detail, they are obtained as
follows. First, the expressions (13), (14) and (15) are
used to obtain the functions a,(yl), En(yl) and c,(yl}. and
these functions are stored into the memory 120. Next, the
expression (20) is used to obtain deviations between cosh
vl, sinh vl1, which have already been calculated and are
stored in the memory 120, and the corresponding functions
an(yl), bp(yl), ca(vl). Then, the absolute values of those
deviations are stored into the memory 120 as §;, &, and ds.
Next, 8§;, 8, and d; stored in the memory 120 are compared
with one another in their magnitude to select the maximum J§.

Here, the initial value of the number of division »
is not limited to "1". When 2 is expected to be a large
value, a value close to the expected value may be set as
the initial value. When a large value is set as n, it may
happen that the set value satisfies the conditions from the
beginning. In that case, the value of 2 may be decreased
gradually to a value of n that satisfies the conditions on
the margin.
The CPU 110 compares the obtained 8 with the error

tolerance ¢ stored in the memory 120 (Step 373). When & < ¢,

then, this process is ended since the targeted number of
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1. A method of approxinmating a distributed constant [ling.

enpl oys an information processing apparatus to performa prb@@égf%f otiERd,
approximating an object distributed constant |ine by a |unped constant
circuit obtained by cascading a given unkf | unped constant circuit in n
stages, conprising the steps of: cal cul ating a product [err]l of a

propagati on ¢qi3kafionl SEM bptAinbl®(8PLFCS7H) SIihBH! 8dc cONK atye | 1 ne and a

line length 1 Said di Stributed const ant line, and storing said
product;  gsatjs¢3l@ul *hkNdumBel b£rdlvisih sishirdeiddded Wy 119 (Saied
[err]l, and storing said cosh [err]l and sinh [err]l; cal cul ating

alerr]([err]l )74yl ek ther prbleadectetiing [&5 rdtdp 37 to repeat the
above-described process.

When the targeted number of division » is decided,
the CPU 110 proceeds to the process of Step 380 shown in
Fig. 9. Namely, the CPU 110 assigns a [I circuit such as
shown in Fig. 4 as a unit lumped constant circuit to each
subinterval determined by the number of division obtained,
and defines a ladder circuit by connecting this Il circuit
in cascade (Step 380). Of course, a unit lumped constant
circuit to be employed is not limited to the II circuit.

For example, a T circuit as shown in Fig. 5 may be embloyed.

The CPU 110 stores the information on the defined
approximate lumped constant circuit into the hard disk unit
160 {(Step 400). If there is no more process, then, a
series of processes is ended (Step 410). On the other hand,
when there exist any more objects to be approximated, then
the prgcedure returns to Step 310.

Here, it is also possible that, based on the ladder
circuits defined, the lumped constant circuit parts having
lumped constant circuit elements and connection information
are extracted so that those pieces of information are
integrated into the lumped -constant part 220 and the
connection information 230 shown in Fig. 8, respectively.

In that case, the information on the approximate lumped
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constitute elements of a transfer matrix of said |unped constant |ine,

fromfunctions aferr] (x), b[err] (x) and c[err] (x) definﬁﬁ%&%Eﬁgﬁ+%ﬂ%Qﬁ

t hree expressions: [err]

42 putting x = [err]l and deciding n as azgentative value, and storing
said a[err]([err]l) , b[err] ([err]l) and c[err] ([err]l);

gfg‘ﬁ?i’ I( ng sai g%&é)éi}# eé:{fg'%liﬂ tgﬁﬁaa[ [e;rerslx](l%:eﬁﬁ] H\e $hpbgt&tidh ¥4 tdrored
: yl), ahd sinh [err with c[err[([err]l), respectively, to make a
j udgment on whet hery a g esallds f HARPYEoSON satisfies a
Next, an embodiment of the present invention will be
described. The present embodiment will be described
referring to an example in which the present invention is
applied to a process of lumped constant approximation on a
conductive line formed on a circuit board that has such a
cross section as shown in Fig. 12.
The circuit board 1200 shown in Fig. 12 comprises a
conductor forming a ground layer 1230, a substrate 1220 of
a dielectric provided on the ground layer, and a wiring
part 1210 placed on the substrate 1220. Here, the wiring
part 1210 and the ground layer 1230 are formed of copper.
Further, the substrate 1220 is made of glass epoxy resin.
In the present embodiment, sizes of various parts of the
circuit board 1200 as an object of the analysis are shown

in Fig. 2.

Table 2
Symbol Size |Unit
W wiring width 100 pm
h substrate 20 um
thickness
t wiring thickness 16 um
tg ground layer 18 um
thickness
1 wiring length 25 mm

bate; 15 APR 7000
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predeterm ned condition, and, when said condition is not satisfied,

repeating steps fromsaid step of calculating said a[err] ([ernepilarswRk
([err]l') and c[err] ([err]l), onward, changing the value of gg?%%ﬁwkh?
said result of conparison satisfies said

_ , un
condi tion; and deci di ng

{%%fﬁ

an approximate circuit, using n when sai @ result of conpari son satisfies

said condition, in ogggihgg

const ant

hon, Hestdfea dfaldtd JRPROXILNBGEaRRr CusShowa Lunped
circuit that iI's obtal ned by cascading said unit |unped constant

circuits in npstages are dnes shoite 1tRiaYd 0B .approxi mating a distributed

const ant

carried out by calculating a

Table 3

Symbol Measured value Unit
R 34.2 Q/m
L 1.19 p’H/m
G 0 S/m
C 0.11 nF/m

Further, as the analysis conditions, the operation
freqﬁency of 100 MHz and each of three kinds of error
tolerance (relative value), 1 %, 3 % and 5 ¥ are inputted
throughlthe inppt device 130.

Using thus-described inputted information, the
processes shown in Figs. 9 and 10 are executed by the CPU

110. In consequence, the following results have been

_obtained as the decided number of division 2.

When ¢ = 1 %, n =13
When ¢ = 3 %, n =28
When ¢ = 5 &, n =6

As is obvious from the above result, the number of
division can be decided depending on the magnitude of the
error tolerance ¢ for the approximation. Thus, the number
of division can be decided in accordance with the accuracy
of the approximation, and it is assured that required

approximating accuracy is obtained. Conversely, by

| ine according to Claim1, wherein: said comparison is
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devi ati on between said cosh [err]l and a[err]([err]l), a deviation betmeen
sinh yl and b[err]([err]l), and a deviation between sinh [eram]Aczianed SHEET
cferr]([err]l), respectively, and said result of conparison is obtalne ‘as
a maxi mum [err] anong those deviations;zzand a condition that said
maxi mum [err] satisfies [err] < [err] for an error tolerance e set in

advance Is us%ﬁ'@% Gl QN d&%g%gl tRhf L4€l08MPing a required

43 * 3. The approximating a distributed constant [|ine

according to é;éﬂfgé5,‘ﬁﬁﬂéﬂé§sary proceddiflgl HEREEG COPSamMNexceseind i S

constituted b
number of division can be avoided. In addition, as

described above, the kinds of data required for deciding
the number of division are limited, and the required
calculation is small. Thus, even if the process of
deciding the number of division is carried out in addition
to the approximation process, it does not entail a large
burden on CPU.

Thus, as described hereinabove, concerning a circuit
having line parts that are to be treated as distributed
constant in a circuit board etc., it is possible to convert
the distributed constant parts to lumped constant with
target accufécy, and to analyze the object circuit in the
lumped constant state.

In the description of the present embodiment, there

_has been no explicit process for selecting a type of
circuit. However, as a type of circuit, a plurality of
types can be conceived. Thus, a plurality of types may be
prepared in advance, in order to select any one. Of course,
a certain circuit may be set as a standard designation so
that it is used unless there is a specific designation.

-Further, in the above-described embodiment, the
evaluation of an error is carried out employing an absoclute
error as the tolerance. However, the present invention is

not limited to this, and, for example, a relative error may
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cascading ||

circuits as said unit |unped constant circuits in n stages,

and said transfer matrix of the lunped constant circuit |s g ven by an

expressi on:

n. [err] “where Z[err] CE'W..NT SHEET
characteristic inpedance of said distrilted constant I|ne The
nmet hod of approximating a distributed constant [Iine according to Claiml1,

wher ei n:
T circuits as sal uni t

d bBFpggaﬁBmgtaﬁgtfbgc%uéh|ggcxwmtltuted by cascadi ng
unped constant circuits

8,/ |cosh y1|
82/ |sinh y1|
83/ |sinh y1]
may be used to evaluate errors.

Further, the above description has referred to the
example in which the number of division 2 is decided to
satisfy a given error tolerance. The present invention is
not limited to this. For example, the present invention
can be applied to a case where, when the number of division
n is designated, an error tolerance ¢ corresponding to that
2 should be obtained. Fig. 13 shows an example of a
procedure followed in that case.

In Fig. 13, the same step number is given to the
same process as in the flowchart shown in Fig. 9, avoiding
the repeated description.

Similarly to the case shown in Fig. 9, the CPU 110
takes in the object circuit information (Step 310), and
makes %ﬁ stored into the memory 120. Next, input of the
analysis conditions is received (Step 320). Here, however,
instead of input of an error tolerance &, designation of
the number of division » is received. Next, yl is
calculdted (Step 340), and sinh yl and cosh yl are
calculated (Step 360).

Thereafter, the error 8 corresponding to the given

number of division n is obtained (Step 365). This process

RT*PLA(“EMENT SHFFT l




in n stages, and said transfer matrix of the lunped constant circuit is

gi ven by an expression: [err] where Z[ er rREPLACEMENT SHEET
characteristic inpedance of said distributed constant |ine.
44 5, The net hod of approximating a Q§stributed constant |ine

according to Claim?2, wherein
is carried out as follows, for example. The expressions

(13), (14) and (15) are used to obtain the functions an(yl),
.bn(yl) and c,(yl), which are, then, stored into the memory
120. Next, a deviation between cosh yl and sinh vyl which
have already been calculated and stored in the memory 120
and the functions a(yl)., ba(yl) and cn(yl) using the
expression (20), and then, the absolﬁte values thereof are
stored in the memory as §;, &, 0;. Next, the CPU 110
compares 0;, 0,, 0; stored in the memory with one another in
their magnitude, to select the maximum 8. Then, the
selected & is displayed as the error on the display unit
150.

Thereafter, for example, a ladder circuit is defined
(Step 380), and it is retained in the hard disk unit 160 |
(Step 400). When all the parts to be processed are
finished, the process is ended (Step 410).

According to the example shown in Fig. 13, using the
given number of division n, it is possible to know how
accura}ely a distributed constant line is approximated by a
lumped constant circuit.

The present invention can carry out both processes
shown in Figs. 9 and 13. Namely, the procedure can be so
set that, depending on which of error tolerance & and the
number of division 2~ is inputted as the analysis condition,
it is automatically selected which of the processes shown

in Figs. 9 and 13 is to be carried out. Of course, it is
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input of said error tolerance [err] is received and stored; and

q , . L : :
said received [err] is used in the condition to decide the ﬁkmﬁﬁwﬁgﬂﬂ

n. 6. The net hod of approxinmating a distributed const

according to Caim2, wherein: as4®aid error tolerance [err], input
of a plurality of val ues is received and stored; and each of said
recei ved val LB3s L9614 Cthde o tts Gkidt deneraRod bi o ( endepimieanh
correspondi ng  value of saird n. A et hod of approximating a

di stributed cgpsiafén hidee iﬁbﬁ%téﬁﬂﬂsoxmeaﬁnhﬂ&@&gabbndlpionessan@ an
apparatus to
instruction is given from outside to carry out which of the
processes shown in Figs. 9 and 13.

In each of the above-described examples, the
deviations between cosh yl, sinh yl1 and the functions an(yl).
bn(vl), cn(yl) are calculated to obtain their absolute
values 8;, O; and &; by the expression (20). However, the
present invention is not limited to this. For example,
instead of the absolute values, the deviations may be used.

Further, in the above examples, the hard disk unit
160 and the memory 120 are used to carry out various
processes. The present invention, however, is not limited
to this. For example, only the memory 120 of large
capacity may be used to carry out all the above-described
processes. Further, when the contents of the memory 120

are retained, they may be stored into the hard disk unit

160.
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performa process of approximating an object distributed constant |ine by
a lunped constant circuit obtained by cascading a given uniggﬁ”gpggggggggi
constant circuit in n stages, conprising the steps of: recei vi ng

i nput of a value of said n, and storing said val ue; calculating a
product [err]l of a propagation constant y,; of the object distributed
constant line and a line length 1 of said distributed constant |ine, and

stori ' :
ring said product; CLAIMS 45
1. A method of approximating a distributed constant

line, which employs an information processing apparatus to
perform a process of approximating an object distributed
constant line by a lumped constant circuit obtained by
cascading a given unit lumped constant circuit in n stages,
comprising the steps of:

calculating a product yl of a propagation constant Y
of the object distributed constant line and a line length 1
of said distributed constant line, and storing said
product;

calculating cosh yl and sinh yl, using said vl, and
storing said cosh vyl and sinh yl:

calculating ay(yl), b, (yl) and c, (yl) that
constitute elements of a transfer matrix of said lumped
constant line, from functions a, (x), by, (x) and ¢, (x)

defined by following three expressions:

no(n+k-1) x*
& > (n - k)! (2k)!
a=1 (n+k)! x2k+i

b (x)= ,:2:) n** Y (n =k = 1)! (2k +1)!

all (x) =

" (ﬂ-’- +—I;—)_(n+k-1)'. e

& ()= Z) i n-k)  (2k+D)!

el
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cal culating cosh yl and sinh [err]l, using said [err]l, and storing said
cosh [err]l and sinh [err]l; calculating aferr]([er T
(['err]l) and c[err] ([err]l) that constitute elenents of a W&A@?’@Wéh?@
of said lunped constant line, fromfunctions aferr] (x), b[err] (x) and
c[err] (x) defined by follow ng three exg&essions:

[err] putting x = yl and deciding » as a tentative value, and

storing said a,(yl)., by, (yl) and c, (vl);

comparing said cosh yl with an(yl), sinh vl with
bn(yl), and sinh yl1 with c,(yl), respectively, to make a
judgment on whether a result of comparison satisfies a
predetermined condition, and, when said condition is not
satisfied, repeating steps from said step of calculating
said ap(yl), b, (yl) and ¢, (vl), onward, changing the value
of said z, until said result of comparison satisfies said
condition; and

deciding an approximate circuit, using 2 when said
result of comparison satisfies said condition, in order to
decide, as the approximate circuit, a lumped constant .
circuit that is obtained by cascading said unit lumped

constant circuits in n» stages.

VR The method of approximating a distributed constant
line according to Claim 1, wherein:

-said comparison is carried out by calculating a
deviation between said cosh yl and a,(yl), a deviation
between sinh yl and b,s(yl), and a deviation between sinh yl
and cy(yl). respectively, and said result of comparison is
obtained as a maximum 6 among those deviations; and

a condition that said maximum & satisfies & < ¢ for
an error tolerance ¢ set in advance is used as said

condition to make said judgment.
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putting x = [efr]l and deciding n as said value inputted, and storing said

alerr](y[err]), b[err] ([err]l) and c[err] ([err]l); and

Qi

cal cul ating a devi ati on. between said cosh [err]| and a[err$¥?%§$$$¥:b§jﬂ

devi at i

on between sinh [err]l and b[err]¢ferr]l), and a deviation between

sinh [err]l and c[err]([err]l), respectively, obtaining a nmaximm/[err]

anong t
8.
| unped

“circuit

of

hose dgvi ati ofige REEhod®USP UPHrtkiS@itdndR s AiEtrebukeds canseantr .
A system for approximating an object distributed constant line by a

const af{n &1 4&Mbtdi kP Ny iQldie 1, whereinfdeans for storing object
I nformation describing the distributed constant |ine as an object
said lumped constant circuit is constituted by
cascading Il circuits as said ufiit lumped constant circuits

in n» stages, and said transfer matrix of the lumped

constant circuit is given by an expression:

a,(yl)  Zob, (D)
Fo= Zic,.wz) a, (1)

0

where 2, is a characteristic impedance of said distributed

constant line.

4. .The hetﬁod of approximating a distributed constant
line according to Claim 1, wherein: |
said lumped constant circuit is constituted by
_cascading T circuits as said unit lumped constant circuits
in n» stages, and said transfer matrix of the lumped

constant circuit is given by an expression:

-

o)) Zoc,(r])
Fr = El—b,,(rl) a,(v1)

0

where Z, is a characteristic impedance of said distributed

constant line.

e
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46 approxi mation, and approximate circuit information defining, a |unped

constant circuit obtained by cascading a given unit Iunped con SHEE%
circuit in n stages; neans for calculating a prod i&ﬂﬁgg

propagation constant y of the object distributed constant I|ne and a Iline
| ength 1 of said distributed constant 44i ne based on said object circuit

| nformation: s, I ThECABERbE" of bEpt Skik GR5fa aistiivanddsiconstant] |

using said [ér _ cal cul ating each of a[err]([err]l),
b[ err] ([err]glné”QcELf&iﬁg fbefidin 3 halhs@nsd:itute el ements of a transfer

matri x of sa
input of said error tolerance ¢ is received and
stored; and

said received & is used in the condition to decide

the value of said n.

6. The method of approximating a distributed constant
line according to Claim 2, wherein:

as said error tolerance &, input of a plurality of
values is received and stored: and

each of said received values for ¢ is used in the

condition to decide each corresponding value of said ».

7. A method of approximating a distributed constant
line, which employs an information processing apparatus to
perform a process of approximating an object distributed
constant line by a lumped constant circuit obtained by
cascad}ng a given unit lumped constant circuit in 2 stages,
comprising the steps of:

receiving input of a value of said 2, and storing
said value;

"calculating a product yl of a propagation constant Yy
of the object distributed constant line and a line length 1
of said distributed constant line, and storing said

product;

L
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| unped constant line, fromfunctions aferr] (x), b, (x) and ¢ e
defined by follow ng three expressions: (x) Eﬁﬁf%&EW{ﬁkig

putting x = [err]l and deciding n as a tentative val ue; means for
deci ding said n by conparing said cosh rr]l with aferr]([err]l), sinh yl
with bferr]([err]l), and sinh yl with c[err]([err]l), respectively, to

make a j udgment on ""QS&QSEa&ESSH&h % and sinh yl, using said yl, and

storing said cosh Yyl and sinh yl;
calculating an(yl). ba (y1) and c, (yl) that

constitute elements of a transfer matrix of said lumped
constant line, from functions a, (X), by (X) and c; (x)

defined by following three expressions:

(n+k - x*
a,(x) = Z F1( _k)! (20)!

b =S ('“'k)! x7
T L n* -k 1) (2k + 1!

n (rl2 +£)(n +k —1)! xqu.l
¢, (x) = ,k 1
k) (2k+D)!

={}

putting x = yl and deciding n~ as said value inputted, and
storing said ap(yl), b, (yl) and ¢, (yl); and

calculating a deviation between said cosh yl and
a,(yl), a deviation between sinh yl and bn(yl)., and a
deviat%pn between sinh yl and cp(vl), respectively,
obtaining a maximum & among those deviations, and

outputting said maximum § as an error.

8. -A system for approximating an object distributed
constant line by a lumped constant circuit, comprising:
means for storing object circuit information

describing the distributed constant line as an object of

I
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47 conparison satisfies a predeterm ned condition, and, when said
condition is not satisfied, by repeating processes froma $ﬂ SHEET
calculating said a[err]([err]l), b[err] ([err]l) and c[err]pé@ié‘?ﬁf T
onward, changing the value of said n, until said result of conparison

satisfies said condition; and med&ns for deci ding an approxi mate
circuit, sai dapﬁ?%ﬁimﬂ%iaﬂ naﬂ\@eé‘p??dﬂrﬁﬁé'éuQ:ful‘?corﬂﬁ%bbﬁ:ﬁlhéﬂt hekigsngai d
condltlon in order to decil de he approximate circuit Iunped

constant circuigt th |s obt ai ned gy c%fgadln sai d uni t A
const ant ci r c@ hmped.canst: galcircuit obtained by cascading a given unit lumpe constant

circuit in » stages;

means for calculating a product yl of a propagation
constant v of the object distributed constant line and a

line length 1 of said distributed constant line based on
said object circuit information;

means for calculating cosh yl1 and sinh yl using said

means for calculating each of a,(yl). b, (yl1) and c,
(vl) that constitute elements of a transfer matrix of said
lumped constant line, from functions a, (x), by, (x) and Cu

(x) defined by following three expressions:

_& (ark-1 x*
2 () ,‘Zunzk'l(n -k)! (2k)!

ek 1
bn (x) = ‘; n2k+1 (n -k _1)’ (2k + 1)’

\ @:+£X”+k“n!xuﬂ
& ' m-k) 2k +1)!

¢, (x) =

putting x = y1 and deciding z as a tentative value;
means for deciding said » by comparing said cosh yl
with as(yl), sinh y1 with b,(yl), and sinh y1 with c,(yl),

respectively, to make a judgment on whether a result of

L
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9. ~The system for approximating a distributed constant |ine, according
to Caim8, wherein: said neans for deciding n: carries _qu

LoRY

sai d conparison by calculating a deviation between sai d coshRERACFWERhdHEE
aferr]([err]l), a deviation between sinhgyl and b[err]([err]l), and a
devi ation between sinh yl and c[err]([err]l), respectively, to obtain said

result of copBAphE@BoASsatIBELEY M fpreaik itiara dovadttions; aadd when
makes sai d judgnent by using a condition that said maxinmum/[err] and an

error tol eranggifheebhaseiohniadvétceaspéftdd, [ rdepeatfianr proaessasd
condi tion. 10. The system for approximting a distributed constant
from a process of calculating said as(vyl)., bn (yl) and cn
(vl1), onward, changing the value of said z, until said
result of comparison satisfies said condition; and
means for deciding an approximate circuit, said
means using r» when said result of comparison satisfies said
condition, in order to decide, as the approximate circuit,

a lumped constant circuit that is obtained by cascading

said unit lumped constant circuit in » stages.

9. The system for approximating a distributed constant
line, according to Claim 8, wherein:

said means for deciding n:

carries out said comparison by calculating a
deviation between said cosh yl and a,(yl), a deviation
between sinh yl and by{(yl), and a deviation between sinh yl
and c,(yl), respectively, to obtain said result of
comparison as a maximum § among those deviations; and

makes said judgment by using a condition that said
maximum & and an error tolerance &t set in advance satisfy 9§

< &, as said condition.

10. The system for approximating a distributed constant
line according to Claim 8, wherein:

said system further comprises means for receiving

TR ) A
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| ine according to Caim8, wherein: said system further conprises

means for receiving 48 | e
from out si de; said neans for storing possesses appﬁﬁwgﬁg#gﬁir¢@gFt

i nformati on on a lunped constant circuit gonstituted by cascading a |
circuit as said unit lunped constant circuit in n stages, and approxi nmate

circuit inforgekigRafioR fH&MPOEELRNRSt ant circuit constituted by cascading
aT circuit as said unit lunped constant circuit in n stages; sai d
- means for cal cul ati ngaafenehhserét | dtobief rdoddetiseld appidxikare] cikeatit!)
information on a lumped constant circuit constituted by
cascading a Il circuit as said unit lumped constant circuit
in » stages, and approximate circuit information on a
lumped constant circuit constituted by cascading a T
circuit as said unit lumped constant circuit in 2 stages;

said means for calculating a,(yl), b, (yl) and c, (yl)
calculates an(yl), by (vl) and c, (yl) concerning the lumped
constant circuit constituted by cascading, in » stages, the
unit lumped constant circuit that is designated through
said means for receiving designation between said Il circuit
and T circuit; and |

said means for deciding the approximate circuit
decides, as the approximate circuit, said lumped constant

circuit constituted by cascading said designated unit

lumped constant circuit in » stages.

11. A system for approximating an object distributed
constant line by a lumped constant circuit, wherein,

said system comprises:

a storage device for storing a program and data; and

-a central processing unit for executing said program
to perform said approximatien:

said storage device stores object circuit

information describing the distributed constant line as an

—

/'—’/

(AR AL A W

S

*

REPLLACEMENT SHEET }

...........................




calculates af[err] ([err]l), b[err] ([err]l) and c[err] ([err]l) concerning
the lunped constant circuit constituted by cascading, in n stHGeEIFMIN SHEFT
unit lunped constant circuit that is designated through said neans for

recei ving designation between said Il C|r§U|t and T circuit; and

said neans for deciding the approxi mate CIrCUIt deci des, as the

appr oxi mat e Chiguit, oFabdobUaRRA: SONSt A afFulinaeonstiddied by cascading

sai d designated unit |unped constant circuit in n stages. 11 A
system for apphexi-hRtiBH aBroRiR§! dllatrrpdolwmtamwnmmbﬂamwcasdamgd
constant circuit, wherein, sai d system conpri ses: a storage

device for storlng a progranland dat a;- and
a given unit lumped constant circuit in » stages to approximate; and said central

processing unit carries out processes of :

calculating a product yl of a propagation constant vy
of the object distributed comnstant line and a line length 1
of said distributed constant line based on said object
circuit information;

calculating cosh yl and sinh yl using said yl;

calculating each of ay(yl), b, (yl) and c, (yl) that

constitute elements of a transfer matrix of said lumped
constant line, from functions a, (x), bs (X) and ¢, (x)

defined by following three expressions:

& (n+k-D X
e, (x) = Z, 2% (n— k)l (26)!

) et (n+K)! 2+
bn (JC) = ; n‘.‘k+1(n -k _1)' (2k +1)!
. (n° +—)(n+k D! T
c (x)= E 2k+l(n -k (2 +D)!

K=l)

putting x = yl and deciding n as a tentative value;
deciding said n» by comparing said cosh yl with a,{yl).

sinh yl with bny(yl), and sinh yl with ca(yl), respectively,

A
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-a central processing unit for executing said program to perf ' EET;
appr oxi nati on; sai d storage device stores object ci rcuﬁgmﬁmm SHEEY

i nformation describing the distributed constant line as an
49 object of approxination, and approximate circuit information defining,
a | unped constant circuit obtained by c&cading a given unit |unped

constant ¢l ' ciblnheNaShagGRehf SPRIMBLEY & 2BU1EA0E e8fbhakisonr ocessi ng
unit carries out processes o?. cal culating a product yl of a
propagatloh CQRgiadPie¥ a predetermined condition, and, when said
" condition is not satisfied, by repeating the processes from
the process of calculating said an(vl), bn (yl) and ca (vl),
onward, changing the value of said n, until said result of
comparison satisfies said condition: and
deciding an approximate circuit, using z when said
result of comparison satisfies said condition, in order to
decide, as the approximate circuit, lumped constant circuit

obtained by cascading said unit lumped constant

circuit in ~ stages.

12, A program recorded medium in which a program for
making an information processing apparatus execute a
process of approximating an object distributed constant
line by a lumped constant circuit obtained by cascading a
given unit lumped constant circuit in n» stages is recordeqd,
wherein:

said program makes said information processing
apparatus execute processes of:

calculating a product vyl of a propagation constant y
of the object distributed constant line and a line length 1
of said distributed constant line based on object circuit
information describing the object distributed constant line; -

calculating cosh yl and sinh vl using said yl;

calculating each of a,{yl), bn (yl) and c, (yl) that

A
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of the object distributed constant line and a line length 1 of said SHEET,
di stributed constant |ine based on said object «circuit |rﬁtﬂﬂﬁﬁﬁdﬁ¥
calculating cosh [err]l and sinh [err]] using said yl; calculatlng
each of aferr]([err]l), b[err] ([err]l) agg clerr] ([err]l) t hat

constitute elements of a transfer matrix said lunped constant |ine,

from functi ons_al et tle) oBLELE od ) A etk ofekbat1ipba! oV ng

t hree express
constant line, from functions a, (x). b, (x) and c, (x)

defined by following three expressions:

_ S (n+k-D x*
4= 3 (n—k)! (26!
o ek 2

b,, (x) = 4 n‘_’kq-l(n _k _1)_' (Zk +1)'

. @2+§Xn+k-D!

& () = 2 22 k) (Zk+D)!

putting x = y1 and deciding 2~ as a tentative value:

deciding said n by comparing said cosh yl1 with an(yl_) . .
sinh vyl with by(yl)., and sinh yl with c,(yl), respectively,
to make a judgment on whether a result of comparison
satisfies a predetermined condition, and, when said
condition is not satisfied, by repeating the processes from
the process of calculating said ag(yl), b, (yl) and ¢, (yl),
onwardz changing the value of said n, until said result of
comparison satisfies said condition: and

deciding an approximate circuit, using n» when said
result of comparison satisfies said condition, in order to
decide, as the approximate circuit, lumﬁed constant circuit

- that is obtained by cascading said stored unit lumped

constant circuit in » stages.

e
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putting x = [err]l and deciding n as a tentative val ue; deci di ng
said n by conparing said cosh [err]l with a[err]([err]l), BEMACEMENT ISHEEE h
blferr]([err]l), and sinh [err]l with c[err]([err]l), respectively,

50 to make a judgnment on whether a result of conparison satisfies a
predet erm ned condition, and, mhen said conzlition is not satisfied, by

repeating the pL cesse A SRivdh c1 12,
aferr]([err]l), [err]%Pf %@% gggfg§§TC§T%§¢ﬁﬁ%€E ondgfd chéﬁé?ng t he
val ue of said ”wh%@%&h sai d result of conparison satisfies sald condi tion;
and

said program:

makes said comparison carried out by calculating a
deviation between said cosh yl and a,(yl), a deviation
between sinh yl and by(yl), and a deviation between sinh Yyl
and cn(vl), respectively. to obtain said result of
comparison as a maximum 0 among those deviatioms: and

makes said judgment carried out by using a condition
that said maximum 8 and an error tolerance & set in advance

satisfy 8 < e, as said condition.

14. A program for making an information processing
apparatus execute a process of approximating an object
distributed constant line by a lumped constant circuit
obtained by cascading a given unit lumped constant circuit
in » stages, wherein:

said program makes said information processing

apparatus execute processes of:

-

calculating a product yl of a propagation constant y of
the object distributed constant line and a line length 1 of
said distributed constant line based on object circuit
information describing the object distributed constant

- line; -

RO REPLACEVENT SHEAT

Date: 15 APR 7000

...........................




deci ding an approximte circuit, using n when said result of conparison
satisfies said condition, in order to decide, as the approximate circuit,

| unped constant circuit obtained by cascading said ugggﬂmEpmggrSHEEE
constant circuit in n stages. 12. A program recorded nedi'um’in which
a programfor rmaking an information 9rocessi ng apparatus execute a

process of approxi | bj i stributed constant _Jljne by a | unped
constant circuit o t%#ﬁg%9§985%§%% gn & séP@eﬁfLﬁﬁ{nqlﬁﬁingEOnstant

circuit in n stages is recorded, wherein: sai d program nakes said
i nfor mat i on pr ocesSPhEILABIRS fach @l ¥l br ddedydd anrd c, (v1) that

constitute elements of a transfer matrix of said lumped
constant line, from functions a. (x), b, (x) and c, (x)

defined by following three expressions:

_ _(n+k -1 x*
2 (%) Znu'l(n-k)!(Zk)!

I N G220 I i
b,(x) ; n** (n -k -1)! (2 +1)!

k
2 (nz +—2-)(n +k —1)! xuq
&4 n*m-k) (2 +1)!

C,(x) =

putting x = yl and deciding » as a tentative value;
deciding said n» by comparing said cosh yl with a(yl).

sinh ¥yl with b,(yl). and sinh yl1 with c,(yl), respectively,
to make a judgment on whether a result of comparison
satisfieg a predetermined condition, and, when said
condition is not satisfied, by repeating the processes from
the process of calculating said as(yl)., b, (yl) and c, (yl).
onward, changing the value of said 2~, until said result of

comparlison satisfies said condition; and

NI
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cal culating a product yl of a propagation constant y of the object
distributed constant line and a line length 1 of said dis%g Duted ¢ aEEEnt.
| ine based on object circuit information describing the obj€¢t "distri buted
constant |ine; calculating cosh4 err]l and sinh [err]l using said
[err]]; cal cul ating each of a[err]([err]l), b[err] ([err]l) and
clerr] ([err]l) that 51 constitute
el enents of a transfer matrix of said |unped  constant i s from functions
“aferr] (x), b[er rqef(%si%cﬁfb[a@rﬂl]°x(ﬂ¥5ated€FLFﬁ8&tbqugP?ow% Ph7d
expr essi ons; ,

result of comparison satisfies said condition, in order to

decide, as the approximate circuit, lumped constant circuit
that is obtained by cascading said unit lumped constant

circuit in n stages.

15. The program accofding to Claim 14, wherein:

said program:

makes sald comparison carried out by calculatiné a
deviation between said cosh yl and as(yl)., a deviation
between sinh yl and by(yl), and a deviatiQn between sinh yl
and ch{yl), respectively, to obtain said result of
comparison as a maximum 8 among those deviations; and

makes said judgment carried out by usind a condition

that said maximum § and an error tolerance & set in advance

satisfy d < ¢, as said condition.

-
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gérrgJ- - ' o putting x = [err]l and deciding-n as a tentative val ue;
eciding said n by conparing said cosh [err]l with a[err]([e RIMET
[errfl with b[err]([err]l), and sinh yl with c[err]([err]I)ﬂéﬁégﬁggpféﬂ?a,
to make a judgnment on whether a result of conparison satisfies a
predet erm ned condition, and, when said condition is not satisfied, by
regeating the processes from 55

ABSTRACT

METHOD AND SYSTEM FOR
APPROXIMATING A DISTRIBUTED CONSTANT LINE

A lumped constant'iine approximating system capable
of approximating a distributed constant line with required
accuracy. The system receives inputs of object circuit
information and analysis conditions (Steps 310, 320),
calculates a préduct vl of the propagation constant y and
the line length 1 (Step 340), and calculates cosh yl and
sinh yl by using the product yl (Step 360) to obtain
functions ag{yl), ba(yl) and cq(yl). Then, absolute values &
8, and §; of the differences between these functions and’
cosh vl 6: sihh fl are obtained, and compares the maximum §
among them with an error tolerance t. If § < ¢, the _ |
processing ends, while if 8 < ¢ is not satisfied,lthe
number of division is increased by 1, and the above
ﬁrocessing is repeated, until the number n of division for
approximation is détermined (Step 370). Using the
determi;ed'number of division, a ladder circuit is defined,
for example, by cascading Il circuits (Step 380), and stored

(Step 400).
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the process of calculating said a[err]([err]l), b[err] ([err‘}téz&gand c[err
([err]l), onward, changing the value of said n, until said BEMENT -SHERT
conparison satisfies said condition; and deci di ng an approxi mate
circuit, using n when said result of conparison satisfies said condition,
in order to decide, as the approximate circuit, |unped constant circuit
that is obtained by cascading said storedfunit lunped constant circuit in
n stages. 52 13. The program
recorded nedium according to Claim 12, wherein:

—
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sai d program makes sai d conparison carried out by calculating a
devi ati on between said cosh [err]l and af[err]([err]l), a deviﬂtm@qt%ﬁﬁ
sinh [err]l and b[err]([err]l), and a devi ati on between sinh
clerr]([err]l), respectively, to obtaig said result of conparison as a
maxi num 8 anong those devi ations; and makes said judgnment carried
out by using a condition that said maxinmum[err] and an error tol erance
[err] set in advance satisfy [err] < [err], as said condition. 14. A
program for making an information processing apparatus execute a process
of -approxi mating an object distributed constant |line by a |unped constant
circuit obtained by cascading a given unit |unped constant circuit 1inn
st ages, wherein:

FIG. 3
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sai d program nakes said informati on processing apparatus execute processes
of : calculating a product [err]l of a propagation constant | el

the object distributed constant line and a line I ength 1 of RES: {gig&%iﬁ&kf
di stributed constant |ine based on object circuit information describing

t he obj ect- distributed constant [|ine;

53 cal cul ating cosh yl and sinh [err]|l using said [err]];

cal cul ating each of a[err]([err]l), b[err] ([err]l) and c[err] ([err]l)

t hat constitute elenents of a transfer matrix of said | unped

FIG.5

m:
OC
_Q:
-0.05 L ! 1 |
5 10 15 20 25 30
n

REPLACEMENT SHEET |

@ A \ERE 1
W WL
[R5 T NF A1 PPN




constant line, fromfunctions aferr] (x), b[err] (x) and c[err] (x)
defined by fol |l owing three expressions: [eﬂE‘P].ACE dENT SHEET
putting x = [err]l and deciding n as a tentative val ue; deci ding said
n by conparing said cosh [err]]l with a[err]([err]l), sinh [err]l wth
b[err]([err]l), and sinh [err]l withds[err]([err]l), respectively,
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to make a judgnment on whether a result of conparison satisfies a

predeterm ned condition, and, when said condition is not satisfied, b :
réepeating the processes from the process of calculating said HEPLAGEM@&T SHEET;
alerr]([err]l), b[err] ([err]l) and c[err] ([err]l), onward, changing the
value of said n, until said result of5 conparison satisfies said condition;
and 54 deci di ng an
approximate circuit, using n when said result of conparison satisfies said
~condition, in order to decide, as the approximate circuit, |unped constant

circuit FlG 8
OBJECT CIRCUIT ANALYSIS CONDITION
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. OR FREQUENCY w
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that is obtained by cascading said unit |unped constant circuit inn
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