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Abstract

To maintain growth amid a turbulently changing world situation, enterprises must move actively ahead with

development of new business fields that accurately reflect market needs. It is important that the design outfits -
who handle the initial phase of product development - reform their working method to one that emphasizes reuse
of designs and hence achieve groundbreaking improvements in design efficiency and quality. In this way they will
progressively propel large numbers of designers into new fields.

To that end it will be necessary to make good use of pre-designed and -verified reusable blocks of design out-
comes (intellectual property - IP) in the product design arena as a means of raising design efficiency and quality.

This paper takes a close-up look at circuit design processes in the field of hardware design for in-vehicle control
equipment. It describes the basic concepts for Circuit IP that are currently being created at our company and pre-
sents independently developed design support tools intended to facilitate effective utilization of such concepts.
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Fig.1 Transformation of manufacturing via SRM2000
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Fig.2 Overall optimization of operations (SRE2001)
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Fig.3 Conventional method for standardized design and its problems for reuse
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Fig.4 Reuse under IP setup
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Fig.5 The new manufacturing (SRE2001)
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Fig.6 Sample configuration of engine control computer
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Fig.7 Categorization of Circuit IP parameters
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Fig.8 Sample analog input circuit
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Table 2 Sample Circuit IP parameters

Parameter Symbol Condition Min Typ Max | Unit
o (0000000000 Toap 040 25 0105 O
0 loooovboooo VDop | Ta=0 TaopOd O 050 — 050 \Y%
g | Vin-Voutd 0000 GAIN | Ta=0 Taopd O 0.9998 — 1 —
E oooooooo Tupl |Ta=0 Taopd OO0 O OO CLO1000pF 0.70 1.00 134 ms
O Tup2 |Ta=0 Taopd0 OO0 O OO CLOO0.01uF 0.79 110 144 ms
Tup3 |Ta=0 Taopd OO0 O OO CLOO.IuF 163 2.00 240 ms

Tup4d |Ta=0 TaopU OO0 O OO CLOI1uF 10.0 11.0 12.0 ms

oooooooo Tchl |Ta=0 TaopO 0000 OO CLO 1000pF 0.70 1.00 134 ms
Tch2 |Ta=0TaopO 0000 OO CLO0.01uF 0.79 110 144 ms

Tch3 |Ta=0TaopO OOOODO0O CLOO.IUF 163 2.00 240 ms

Tch4 |Ta=0OTaopO OOO0OOO CLO1uF 10.0 11.0 12.0 ms

oooooooo GAIN1 |Ta=OTaopO O O0O OO CLOOOOOMM OO=100Hz | 0231 | 0145 | 0077 | dB
GAIN2 |Ta=OTaop0 OO0 O OO CLOOOOOMM OO =10KHz | 0385 | 0340 | 0328 | dB

GAIN3 |Ta=OTaopd 000000 CLOOOOOMIOO=1MHz 0785 | 0760 | 0728 | dB

g |(vinDooooo Klp Ta=0 Taopd O 9.371 9868 | 10364 | KQ
U |\vinDooooo KGp |Ta=0 TaopO O 00119 | 00132 | 00148 | —
vinbooooo Kop Ta=0 Taopd O 09852 | 0.9868 | 09881 | —
oooooooo Vinmax | Ta=0 Taopd 0 0| Vin-Vout| 050V 050 — 50 \%
vDOoooooo Id Ta=0 Taopd O OvDO 50VDVGNDDO 0VOI svel 0A 0 — 5 nA

O [voutDOOOOO Kiout |Ta=0 TaopO O 9496 | 10000 | 10502 | KQ
Ulpooooooo Voutmax | Ta=0 Taopd 0 0] Vin-Vout| 050V 050 — 50 \
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Fig.9 Sample verification of circuit connection via IP parameters
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Fig.10 IP Design Support Database
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Fig.11 Electric CAD functions accommodating IP design

giPOO0ODOOO41-()-0000000
POO00O0ODO0O0ODODOO0ODOO0O0O0OO0O0O0OO0
goboooboooobooboobooocADObODOO
gogboooobobbooboooon
goomwproogoboooooomwrbobbobooobg
godboobooboooomwrgoboirrcoobboobg
golpobooooboboboobooooboooboo
gooooooboooobooobooboboooog
gooooooboooDoobooooboobobooo
00oooooooo4.a-2)-0000000
goomwproooboooobooobuooboboomwrog
gogbobooobobbooboobooboboboboo
goooogmwrboboooboobuobobobooobg
godboobobooobooboobobobobobooobog
gobobooobobooobobooobooooobo
goooogmwrogIirPbDBOODOODOOODO4.1-(2)-00
goooo
googoobrogomwrobbbbooooobobog
gobooooboomwroomwrbBO0boooooboon
good
iPOOO000D00O0DO0OO0O0ObOO0ObLOobooOobOoo
goboooboooooooboomwrobobbonoooog
O Design SynthesysD 000000000 O0O0O0O00ODOO
goooooboboooo

4300000
IPOO000000000O000O0NO0DN0ON0OO
000000000000 0IPDO0O0O00O00DNDO
00000000000000000000000000
0000000000000 000000000000
oooooooocoooood
OPDMOOOOOOOOOOOOO
00O0000IPO0000000000000000
OCADOODO0OOOOOOODO0DO
0POD0OD0DO0DODO
000000 IPOO0OO0D00O0DO0OIN/OUTODOOD
0ooooO0oOo
00O00O0OoIPOO0OO0
0000000000000000000000000
CADOODO0DO0OO0OOODOOOOD
0000000IPO000O00O000IPOOOOD
00000000000000000

ipOO0O00ODOO0O0OO0ODbO0OO0OOOObOOObOODbO
gboboboobobbooboboobobooboobooo

gboooobooboobmwrgboobooboobogobo
gbooboobooboboooooboobooogirg
gbooooboooomwroooooooomwroogird
gomwrgooomwrgooiiPcobooooboooogobo
gobooboobboobooboooooboobobobouobo
gboobooboobooboobooooboobooboobo
gboooogwprooobooooobooboobooooboo

goboobooboobooboobooobomwroobog
gbooboobooboboooboooboobooobogobo
gboobooboobooboooooboobooboogirg
gooobooobooobooprobogboobooooooo

goobobDi200gooooooooooogrirbb
gobooboobooboboooooboobooouobo
gboobooboobooboomwrooboboobobo
gboooboooooon

gobooboobooboobooooobooboobog

gobooboooboobooboooboooboooicoooboog

goboobogobooboboooooboobooobogobo
goboobooboobobooooobooboooobo
googobooobooboboobomwrboooboobomog
gbooboobooboobooboooboomwroobgobo
gboobooboooobog

oOo0o0oon )

31



OO0O0O0oD0O0O0Ovol.21 No.d

gobooboobooboobobooobooboboo
gooobooboboobooboboobobooboobooobo
gboobooboobooboobooobooboboobooobo
gbooboobooboobooooboboobobobogoobo
gobooboobooboowroobooobogbooogooie
gooooooooooboobooooooobooooooo
gooboboooobboooboboooobobooo
o

o000 )

iPOCOD0O0OO0OO0DOOO0O0OODOOO0O0ODbOO0OO0
gboobooobooooooooboobooobooooo
goboogowvisiON20120 00 00000DO OO No.10
gbz20000200000000000000000DO
gboobooboobobooboooboobooboobo
googo

gbobooboobooboobooobooboobobog
gboboogAsiIcobooogoosboooonogonDo
oo

oooo
10 Michael Keatingd Pierre BricaudO OO OO0 O0OQd
0o0bOO00oo0oooooonooOd2o0000

oooao

goood
oooooooooo

oooao
oo0oo0ooooon

ooood
oo0ooO0oo0o0oooon

860 00000000000
OOoeECcun00OoOooOooon
oO0oooboOoooooooao

h ooooooooooooo

32

19820 00000000000
OO0ECcUDODOOO00O0O0DODO
0o0oo0ooooooooooo
oooooooooooooa
ooooo

19820 00000000000
DOoeEcuoO0oOooooOon
o0oooooOoooooooo
oooooooo




