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AHHOTALUA

OOBEKTOM HCCIEIOBAHMS JaHHOW CTaThH SBIISETCS MPOLECC TPAHCISIINUK TAHHBIX MEXTY CHCTEMOH aBTOMAaTH3WPOBAHHOTO
MPOEKTUPOBAHUS MEKTPOHHBIX ycTporicTB PADS VX u cucteMoll TEXHONIOrMYECKOH MOATOTOBKHM MPOM3BOACTBA MEUATHBIX
wiar CAM350 10. IIpenmerom HcclieoBaHUS SIBIAETCS JBYXCTOPOHHSISI TPAHCIALMSA JAaHHBIX B YKa3aHHbIX cucTeMax. B
KauecTBE METOOB UCCIIEIOBAHMS BBICTYNAIOT SKCIIEPUMEHTHI TI0 MHOTOKPAaTHOMY BOCIIPOM3BEACHHUIO MPSIMOTO M 00PAaTHOTO
mpouecca TpaHCHIIMu NaHHBIX Mexay cuctemamu PADS n CAM350. Llensio paGoTsl SBISETCS PacCMOTPEHHE MPoOieM
oOMeHa TaHHBIMH MEXIY CHCTEMaMH M HaXOKIEHHE CIOco00B ux peuieHus. OCHOBOH paOOTHI SBISETCS aHAIN3 (QyHKINO-
HaJIBHBIX Bo3MokHOCTel cucteM PADS 1 CAM350 mpu TpaHCISIIKWU JaHHBIX, KOTOPBIK OBLT BHIIOJHEH B XOJE dKCILTyara-
UM THX CHCTeM. B paboTe mpuBOASTCS JOCTOMHCTBA M HEIOCTATKH METOJOB TPAHCIIMYU, X cpaBHeHue. [Ipoanammsupo-
BaHbl OIIMOKH, BO3HHKaloIye B Iporecce. OMUCHIBAIOTCS BO3MOXKHBIE HMPHYMHBI BO3HHKHOBEHHS OMHUOOK. OCHOBHBIMHU
pe3yisTaTaMu paboThl SBJISIOTCS PEKOMEHIAIMU 110 0OMEHY JaHHbIMU Mexay cuctemMamu PADS u CAM350. Ipeanoxen-
Hble PEKOMEHJALUK HO3BOJISIIOT ONTHMHM3MPOBATh OOMEH JAHHBIMH MEX]Y paccMaTpHBacMbIMH cHCTeMaMu. IIpakTiyeckas
3HAYUMOCTb pabOTHI 3aKJIFOYAETCsl BO BHEAPEHUH pe3ynsTaToB padboTel B OO0 «AGeoy. Pexomenaanuy ObUIH HCTIONB30BAHBI
IpU pa3pabOTKe HECKOJIIBKUX JECSITKOB PAa3IUUHBIX EKTPOHHBIX YCTPOMCTB. Mcronp3oBaHKe yKa3aHHBIX Pe3yJbTaToB IO-
3BOJIWJIO YMEHBIIUTH BPEMs TOATOTOBKH K IPOU3BOACTBY, YBEIUYUTh KOPPEKTHOCTH MEPEAadd AaHHBIX, TEM CaMbIM YIIyd-
LIATH Ka9€CTBO MPOU3BOANMON MPOAYKIUH U YMECHBIIUTH €€ CTOMMOCTb.
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Abstract

The subject matter of the paper is the process of data translation between computer-aided design system for electronic
devices PADS VX and system for technological preparation of production of printed circuit boards CAM350 10. The object
of this study is two-way translation of data in these systems. Experimental researches are applied as research methods based
on repeated playback of forward and reverse data translation process between PADS and CAM350 systems. The aim is to
examine the challenges of data exchange between systems and to find out the ways of their solution. The basis of the work is
functionality analysis of PADS and CAM350 systems while data translation, which was carried out in the course of operating
experience of these systems. The paper presents advantages and disadvantages of translation methods and their comparison.
Errors arising in the process are analyzed. Possible reasons of errors origination are described. The main results are
recommendations for data exchange between PADS and CAM350 systems. The proposed recommendations give the
possibility to optimize the exchange of data between these systems. Practical significance of the work lies in the
implementation of results at LLC «Abeo». Recommendations have been used in the development of dozens of different
electronic devices. The use of these results made it possible to reduce the production run-up time, to increase data
transmission correctness, thereby improving the quality of products and reduction of their cost.
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TPAHCHNALUNA JAHHBIX MEXOY PADS 1 CAM350

BBenenue

B ocHoBy manHO# pabots! e Teopernyeckue nojokerns CALS-texnonornit. OqHOM W3 OCHOBHBIX Iie-
neit npumenenust CALS-texunonoruii (Continuous Acquisition and Lifecycle Support, wmu Mudopmannonsast moa-
nepxka uznenuit — UI) B mpoeKTHpOBaHUM U ITPOU3BOJICTBE BEICOKOTEXHOJIOTHYHOM MPOAYKIIUH SABISETCS Opra-
HM3alMsl MHTEIPUPOBAaHHON MH(OpPMAIMOHHOM cpezbl. HTerpupoBaHHas HH(GOpPMaLMOHHAs cpejia IPeCTaBIIsIeT
€000l COBOKYNMHOCTb 0a3 IaHHBIX, IIOCPEACTBOM KOTOPOM OCYLIECTBISAETCS MH(POpPMAIMOHHOE B3aMMOJIEHCTBUE
MEXIy pasMYHbBIMH aBTOMAaTH3UpOBaHHBIMU cucteMamu (AC) Ha KaKIOM dSTane >KM3HEHHOTO LMKJIA W3EIIHs.
Wudopmanus B Takoil cpene craHAapTH3NPOBAHA JUIS BCEX CUCTEM M COXPAHSET CBOIO KOPPEKTHOCTH IIPH HpOLeC-
cax oomena. [Tpenmerom CALS siBnsirorcst MeTonsl U cpencTsa B3aumozeiicteus pasueix AC. CymecTByer 0oib-
II0€ KOJIMYECTBO METOJJOB OOMEHa JAHHBIMU MEXIY Pa3IMIHBIMHU CHCTEMaMH, KOTOPbIE HY>KAAIOTCS B IIPOPAOOTKE
U ontuMu3anuy. Takas HeOOXOOMMOCTh BO3HHKAET IO MPUYUHE TOTO, YTO pa3paboTunki AC He CTaBsIT OCHOBHOH
LETBI0 TIPH Pa3padOTKe CBOMX NMPOAYKTOB CO3AAHME ONTHMAIIBHBIX WHCTPYMEHTOB OOMEHA HaHHBIMH C APYTHMH
AC. I1lpu oOMeHe JaHHBIMU HH(OPMALHS CTAHOBUTCS. HEKOPPEKTHOI. TakuM 00pa3oM, OOHUM M3 NIEPBHIX IIaroB Ha
IyTH K OPraHU3alMy MHTETPHPOBAHHON MH(OPMAIIMOHHON CpEeAbl ABISIETCS KAK yCOBEPLICHCTBOBAHHME CYyLIECT-
BYIOLIMX METOZIOB, TaK U (pOpMHUpOBaHHE HOBHIX Ha OCHOBE aHAJIM3a MMEIOLIMXCSA METOnOB. B mepByro ouepens,
HEOoOXOMMO MPOU3BECTH JIETAIBHBIM aHAHM3 CYLIECTBYIOIINX METONOB B3auMoneucTBus Mexay AC Ha OCHOBeE
OIIbITa UX SKCIITyaTallly, BbIACIUTL OCHOBHBIC JOCTOMHCTBA U HEJOCTATKU.

OJII/IH N3 IPOLECCOB MPOCKTUPOBAHUA U3JACITINA — IMPOCKTUPOBAHUC MEYaTHOM IIJIaThl — MpeaACTaBIACT CO-
00i1 MHOTO3TAIHBIN MPOLECC, HAYWHAIOUIMKCS C MPOPUCOBKU NPHHIMITHAILHON CXEMBbl M 3aKaHUMBAIOLIUHCS
reHepanueil ynpasisiiomux (aitios us o6opynoBanus, H3roTosisttomero goromadnonsl. Kak npasuio, co3na-
HHE KOHTypa ¥ TEOMETPHUH TTeYaTHOH IJIaThl, KOMIIOHOBKA M TPACCHPOBKA OTHOCSITCS HEIOCPEICTBEHHO K KOHCT-
PYHPOBAHHIO TIEYAaTHOH TIIATHI ¢ Hcmoiab3oBanueM EDA-cuctem. MopenupoBanue, BeprupHKaIis, a TAKKe TeHe-
panus ynpasisronux (ainos, HaspiBaeMbIX Gerber-gaiiiaMu, OTHOCATCS K IMIOATOTOBKE ITEYaTHOM IUIATHI K TIPO-
U3BOACTBY C ucnoib3oBanueM CAM-cucrem. Kak mpasuio, Bce cucTeMbl MPOECKTHPOBAHMS IEYAaTHBIX IJIAT
UMEIOT BCTPOCHHBIE CPEICTBa IeHepanuu Takux ¢aiinos. Ho Bce ke nenecoobpa3zHee MPOBOAWUTH ONEpAlWH,
OTHOCSIIUECS K IOATOTOBKE K IPOM3BOICTBY, B CHENMANIBLHO IPEJHA3HAYECHHBIX AJSI 9TOro nporpammax. boinee
TOTO, CYILIECTBYET PsJI 33/1a4, KOTOPbIE PELIAIOTCS UCKIIIOYUTENIFHO B JAHHBIX IPOrpaMMax.

B Hacrosiiiee BpeMsi B pOCCHHCKON 3JIEKTPOHHOM MPOMBILIIIEHHOCTH ITpo0JieMa WHTErpaliy JaHHbIX CTO-
UT JIOBOJIBHO OCTPO. BOJBIIMHCTBO MHXKEHEPOB-KOHCTPYKTOPOB MMEIOT NMOBEPXHOCTHOE MPEACTaBIECHHE O BO3-
MOXKHOCTSIX IPOTPAaMMHBIX ITPOYKTOB, 3a4aCTyI0 HCHOJIB3YIOT JIMIIb OAWH IPOrPaMMHBIH MPOIYKT. JlocTarouHo
NPOCThIE AEHCTBUS, KOTOPHIE MOXET BBIIIOJIHATH OJWH CIELHAINCT, BBITOJHIIOT HECKONBKO. TpaHcisuus aaH-
HBIX HEIOCTATOYHO OCBEIEHA B JUTeparype. Bce 3T0 B COBOKYIMHOCTH BeleT K YBEINYEHHIO BPEMEHH ITPOEKTHU-
pOBaHMs, KOJIMYECTBA OIMIHOOK IPH MPOECKTUPOBAHHWH, @ COOTBETCTBEHHO, K IOHIKECHHIO KadecTBa M3IENUS U
YBEITMYECHUIO CTOUMOCTH M3EIIHA.

B obmacTr aBTOMaTH3MpOBAHHOTO MIPOEKTUPOBAHMSA ME€YATHBIX IUIAT IPOBOANUTCS JIOCTATOYHOE KOJIHIECT-
BO HCCIIEZIOBAHUM, CBA3aHHBIX C HCIIOIb30BAaHUEM B NPOLECCE MIPOSKTUPOBAHNS PA3INYHBIX IAKETOB MPOTrPaMM
Ha pa3JINYHBIX dTanax MPOeKTHPOBAHMSI, B YACTHOCTH, B paboTax [1-3].

B mocnennee BpeMs MOXXHO HAaOIIONATH IOSIBICHHE TPYAOB, B KOTOPBIX OMMCBHIBACTCS HCIIOIb30BAHUE
nporpamm ¢pupmel Mentor Graphics. Tak, B [4, 5] paccmarpuBarotcst 006a npoaykra gaHHoi pupmsl — Expedition
[4] u PADS [5]. [Ipobnema unterpaunu CAIIP, ncnonb3yeMbIX [Uisi TPOSKTUPOBAHUS 3JIEKTPOHHBIX YCTPOWCTB,
onucana B [6, 7].

Takoxe B HayuHBIX TpyAax (CM., Hanmpumep, [8]) paccmarpuBaeTcst 1 cuCTeMa MOATOTOBKH IEYaTHBIX ILIaT
CAM350. OcobenHocth, onucanue u popmuposanre Gerber-gaiiinos 3arparuBaercs B Tpynax [9-12].

Cxo0XHe HCCiIeoBaHus, B OONBIIMHCTBE CBOEM, HE NMPOBOAWINCH JISI KOHKPETHOH c(hephl MPOMBIIIICH-
HOCTH WM IJIsI KOHKPETHOTO STalma B MPOCKTHPOBAaHUM u3denus (cM., Hampumep, [13-15]). B paGorax
[13, 16, 17] paccmarpuBaeTcst mpobieMa TpaHcusuuu HaHHBIX Mexay CAD- u CAM-cucremamu, HO JaHHEIC
paboThI HOCAT cKopee 0030pHBIN XapakTep, 0€3 pacCMOTpPeHHsI OCHOBHBIX mpobiemM. B [18] onmuckiBaercs TpaHc-
JSIOUST JAHHBIX 711 KOHKPETHOTO 3Tara MPOM3BOJCTBA MEUaTHOH IUIAThI, HO MPU 3TOM paccMaTpHUBaeTCsl JOCTa-
TOYHO MPOCTOM MpUMeEDP, Tak ke Kak U B [14]. Takue mpuMepsl peIKO BCTPEUAIOTCS Ha PeaIbHOM IMPOHU3BOJICTBE.

B nacrosmiell paboTe paccMaTpUBacTCsl TPAHCIAIMS JTAHHBIX HA dTare MOATOTOBKU IMEUATHOM IUIaThl K
IMPOU3BOACTBY. PaCCManI/IBalOTCH BO3MOXXHBIC METO/IbI, BBIABJIAIOTCA UX HEAOCTATKHU U IMPEAJIararoTCs CHOCO6])I
OINTUMU3ALNU TPpOoLECCa TPAHCIIALNH. HpOBOZ[I/lTCH CpaBHl/lTeHbelﬁ aHaJIu3 METOJ0B. TpaHCJ'ISILlI/IH IIpoOU3BOAU-
Jlach Ha HECKOJIBKUX JECATKax MPUMEpax ¢ JOCTaTOYHO CIIOHOM TOMOIOTHEH U KOHCTPYKINEH, KOTOphIE TaKkKe
3aBE/IOMO YCIOXKHSUIUCH. Takol IToaX0/ O3B0 BBISIBUTH MaKCUMaJIbHOE KOJMYECTBO BO3HUKAIOIIMX OLIHOOK.
Ha ocnoBe ananmza pa3zpaboTaH psi peKOMEHJIAIMH 110 ONTHMHU3alMK Tnpolecca Tpancisiuu u3 EDA PADS B
CAM350, 9T0 SBISIETCS HAYYHOHN COCTABIISIONICH TaHHOM paboTEHI.

CraHaapTbl M TUIILI 00MeHA JTaHHBIMU 00 U3eJun

B HacTosmee BpeMs CYIIECTBYIOT JBa OCHOBHBIX THIIAa 0OMEHa JaHHBIMH MeX1Ty pa3nundHbeIMH AC — mpsi-
Masi TPaHCISIIHA U HeUTpaIbHAas TPAHCIALUS.
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E.B. PomaHoBa, T.A. TpucoHoBa

[psamas Tpancasimus. [Ipsmvas TpaHCIAMS AaHHBIX TPEAIIONaracT HaJNIHe BO B3aMMOICHCTBYIOIINX
CHCTeMaxX HHCTPYMEHTOB, MO3BOJSIOMINX HMPEACTABIATh JaHHBIE B (OpPMaTax BCEX B3aMMOAEUCTBYIOIIUX CHC-
TeM, 1100 Hanmnyre B AC BO3MOKHOCTH 00pPa0OTKU JaHHBIX Pa3IMIHBIX (POPMATOB.

[Tpu TakoM OOMeHEe TaHHBIMH KOJIMUECTBO OLIMOOK CBOJAMTCS K MUHMMYyMY. Ho kpaiine penko Ha mpous-
BOJICTBE TaKkoil OOMEH JaHHBIMU HaXOJIUT IUPOKOE NMPUMEHEHHE, TaK KaK PEIKO OJMH pa3paboT4HK IPOrpaMm-
HOro obecrneueHus 3anuMaeTcs paspaborkoit © CAD- u CAM-cuctem onHoBpeMeHHO. OCOOCHHO TaKOro He Ha-
OirofaeTcs B 001aCTH POEKTUPOBAHMUS JIEKTPOHHBIX YCTPOWCTB.

Heiitpanbnas Tpancasiuus. [Ipyu HelTpaibHOH TpaHCISIMN JaHHBIX HCIONB3YeTCsl HEUTPaIbHBIN (aiin
orpezaeseHHoro (opMara, 3aKperieHHOT0 OTPAcieBbIM CTaHIapToM. JaHHBIN crtoco0 mpenmnosiaraeT B KakKaou
B3aUMOJICHCTBYIOIIEH CHCTEME HAJIMUYMEe WMHCTPYMEHTOB 00paOOTKM W reHepanmu (aitna nanHoro ¢opmara.
Haubomee pacnpoctpanenasiMu HeliTpansHbEIMA GopmaTtamu gaHHBIX sBisitoTess DXF, IGES u STEP. B nocnen-
Hee BpeMs Ha cMeHy craHmapram STEP u IGES npuxomut makpomapamerpudeckas meromonorus (MIIM). B
JAaHHOM METOMOJIOTMH MaKpO(MaiI SIBIAETCS OJHUM M3 BHIOB TEKCTOBOTO (haiiyia, KOTOPBIN BKIIIOUACT B cels 3a-
MIUCH TOJIB30BaTEILCKUX onepannii B AC npu CO3qaHMU MPOCKTa m3zenus. B kadectBe makpodaiiiios 8 MIIM
UCTIONB3YIOTCsl TeKCTOBBIE (hopmarkl, Harpumep, ASCII u XML. JlanHast METOI0JIOT S TO3BOJISIET OCYIIECTBIISAT
00MEH MEX]ly CUCTEeMaMH Pa3JIMYHOrO 1IeJIeBOTro HasHaueHus, B ToM yucie mexay CAD/CAE/CAM cucremamu.
MIIM Ha HaHHblﬁ MOMCHT HC OIpE€ACJICHa HUKAKUMHU CTaHAApTaMU U ABJIACTCA NPEAMETOM MHOTHUX aKaJICMHU4YC-
CKHUX HUCCIIEJOBaHUM.

AHaJIN3 METOI0B TPAaHCJIAIMHA

B Hacrosimieit pabore paccmarpuBaercsi oOMeH naHHbIME Mexny EDA-cuctemoir PADS VX komnanuu
Mentor Graphics 1 CAM-cucremoit CAM350 xommanun Downstream Technologies.

Peanu3anusi CKBO3HOTO NMPOEKTUPOBAHMS M3IEIUsI BO3MOXKHA MPU YCIOBUH OPTaHU3alMU IBYyXCTOPOHHE-
ro oomeHa naHebIME Mexay cucremMamu CAD/CAE/CAM. B cBsi3u ¢ 3TUM aHAIH3 OPUEHTHPOBAH HA BO3MOXK-
HOCTB JIByCTOPOHHEH TPaHCJIALMHU AaHHBIX. Bo3aMoxHOCTH 0OMEHa NaHHBIMH OrPaHHYMBAIOTCS (YHKIMOHAIOM
00eHx paccMaTpHBAEMbIX CHCTEM.

Onucanune MetonoB Tpancasuun. Cucrema PADS VX umeer B cBoeM cocTaBe TPAHCIATOP, CIIOCOOHBII
MPOM3BOJUTH HE TOJBKO TPEIBAPUTEIILHYIO 00pa0boTKy, HO U MOCTOOpadoTKy. DYHKIMOHAT TpaHCIsTOpa OIpe-
JIeIIsieT YeThIpe MeTo/ia OOMeHa TaHHBIMH. 3aIlyCK TpaHCIsiTopa npousBoautcs komannoi File/Export u3 penak-
Topa tonosorun PADS Layout.

Merton tpancnsumu ¢ napamerpoMm CAM Documents (include Nets and Parts) n meron ¢ mapamerpom
CAD Layers -> CAM Layers (As-Is) otHocsTcest k HelTpanpHoi Tpancisinun ¢ ASCII makpo-daitiom. ITocie-
JIOBaTeJIbHOCTH 3TAllOB METOJOB OAWHAKOBA M MPOMUTIOCTPUPOBaHa Ha puc. 1. B nanHOM ciywae nmpensapurens-
Has 00paboTKa, TeHepanys HelTpanbpHOTO (aiina u moctodpadoTka mponsBonsaTcs B Tpancistope PADS. Ucxons
W3 3TOTO, MIPH 3aITyCKe TpaHCIsATOopa Heobxoammo BEIOpats popmar CAM350 Files (*.cam) xak ¢opmar BBIXOA-
HOTO (aiina.

TpancaaTop a

CAD- Miakpo- T ASCIL Uienc:c Maxpo- CAM-
Sk NpeaBapHTeIbHOI Maxpo nocTOoOpadoTKIL daiin B crctema B
P sl /mocToGpadoTKN -talit npeBapuTe1bHOL
Mentor PADS * pcb / 00paboTKII *.cam CAM350

Puc. 1. MNocnenosateneHOCTbL 3TANOB HENTpanbHoOW TpaHenaumMm AaHHblx ¢ ASCIl makpo-dhannom.
(O603HaueHUs1 «a» 1 «B» NCNonNb3yoTCs AN YCNOBHOIO 0603Ha4YeHUs1 B3aMMOLENCTBYIOLLMX CUCTEM,
aHanornyHo obo3HavYeHmaM «cmuctema 1» n «cuctema 2»)

[pu sxcmopre ¢ mapamerpom CAM Documents (include Nets and Parts) B BeixongHo#t aiin TpancImpy-
IOTCSl BCe He0OXoAuMEbIe Tpadudeckne JaHHbIe coeB. OcHOBHBIME ciosiMi B CAM350 saBisitoTcs B OONBIINHCT-
BE CBOEM CJIOM, HAa OCHOBE KOTOPBIX Jenarorcs ¢oromadnonsl. IlycTeie ciou, nmerommecs: B MPOEKTE IIIATHI,
WM Tr00ble PYTHe CIIOH, COZEp Kallne Kakue-ITu00 JaHHBIE, HO HE SIBILSIOLINECS OCHOBHBIMHU CIIOSIMHU, B (aiin
topmara CAM350 HE TpaHCTUPYIOTCS.

Tpancmsmus ¢ napamerpom CAD Layers -> CAM Layers (As-Is) mpezncrasisier co0oit 0osiee TOUHBIIH
OKCIIOPT IMPOCKTa nevatHou 1miaTel. OH IO3BOJIIET IMPOU3BECTU IKCHIOPT NPOCKTA I€YaTHOM IUIaThl B TOM BUJIC, B
kakoM oH ObuT B PADS. B BeixonHOM (haiisie mpuCyTCTBYIOT BCE CIIOH, UCTIONIb3YEMbIE B IPOCKTE, JaXKe Te, KOTO-
pele He conepkar MHpopManuu. Bcem ciosiM aBTOMaTHYeCcKH NPHCBAMBACTCS COOTBETCTBYIOMIMH THIl. Takxke
TpaHCIupyeTcss HHPOPMALHS O LETSX U KOMIIOHEHTaX.

Merton tpancisinuu ¢ napamerpoM CAM Documents (Graphics only, Orientations applied) otHOcHTCS K
npsiMoit TpaHcisiuy. [locnenoBaTebHOCTh ATANOB B JAaHHOM TECTUPOBAHUU NMPOWLIIOCTPUPOBaHa Ha puc. 2. B
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TPAHCHNALUNA JAHHBIX MEXOY PADS 1 CAM350

MAaHHOM CcIly4ae TakKe Ipoueccsl o0pabotku mpousBomsarcs B TtpaHcisaTope PADS. Tlpum Beibope CAM
Documents (Graphics only, Orientations applied) TpanciupyroTCst TOJIBKO rpadruecKue JaHHbIE.

Tpancoatop a

CAD- Maxpo- IIpouecerr Maxpo- CAM-
CHeTeMa O dpaiin o oGpaGoTki paitn cuctema 3
. Mentor PADS *.peb *.cam CAM350

Puc. 2. NocnenoBaTenbHOCTb 3TaNoOB NPSMON TpaHCnALMK

YeTBepThIil METOA MpemnosaraeT UCIoab30BaHue kKak TpaHcisaTopa PADS, tak u tpanciastopa CAM350.
[MTocnenoBaTenbHOCTD 3TAIOB JAHHOTO METO/A IPOMIUIIOCTPUPOBaHa Ha puc. 3. B maHHOM cityyae npu 3amycke
TpaHcisTopa Heobxomumo BbIOpark Gopmar DXF (*.dxf) kak ¢opmar Beixomuoro ¢aiina. ITocime mporecca
npenBapuTenbHOl 00paboTKK reHepupyercst Heiirpanbablii DXF makpodaiin. [Iponece moctodpaboTku npous-
BOIUTCS yxke B TpaHcnsatope CAM350.

Tpase1aTOp O ~ Tpaucaarop p

IIpouecc
Maxpo- IpeABapHTeabHOIL
CICTEeMA O aiin o 0cTOOpatoTKI

Mentor PADS *

[Tpomece
noctodpaboTKI/
npeBapuTeTbHOI
o0padoTKn

Maxkpo- CAM-
Maxkpo-daitn taiin cicTema 3

* cam CAM350

Pwuc. 3. NocnepgosaTensHOCTL 3TanoB HemTpansHon TpaHensaumn ¢ DXF makpo-dannom

JIng ka)10To M3 METOZ0B POM3BOANTCS ABYCTOPOHHUHI 00MeH naHHbIMH Kak u3 PADS B CAM350, Tak u
n3 CAM350 B PADS. ITocienoBarenbHOCTh 3TAOB 00paTHOM TPaHCIISAIMY MTPUBEACHA Ha puC. 4.

TpancaaTop o Tpanrcastop p

/ N ( \\.
Tponecc Hp’oue_cc
CAM- Makpo- TIpe TBapiTe TEHOIY ASCII y nocToOpaboTKIL ’ Maxpo- EAR
clcTeMa o daiin o TOCTOGPABOTKI Makpo-paitn npeaBapuTeIbHOLI tatiz B cucrema
h.

06padoTKI
CAM35 *.cam

*pcb Mentor PADS

Puc. 4. MocnegoBatenbHOCTbL 3TanoB obpaTHON HeWTpanbHOW TpaHCAALMK

Taxoke B paboTte paccmarpuBaercsi Meton ¢popmupoBanus Gerber-cnoeB. @opmuposanue Gerber-gaitnos
u3 PADS u CAM350 mogpo6Ho ommceiBaercs B [19] u [20] coorBercTBeHHO. [locnenoBaTebHOCTD 3TAIOB MPSI-
MOH TpaHCISIIMH B JAHHOM METOJIE aHAJOTWYHA TOCJIEN0BATEIbHOCTH Ha pHC. 3, a 00paTHOH — MOCIe0BaTelb-
HoctH Ha puc. 4. Bmecto DXF u ASCII makpodaiinos ¢urypupyror daiiist ciioeB B popmare RS-274X.

Anaau3 ommOox TpaHcasauuu. Ilpu TpaHcnauum nedatHod marel ¢ mapamerpoM CAM Documents
(include Nets and Parts) oCHOBHO# OIIMOKO# SIBJIIETCSI OTCYTCTBHE TPaHUIIBI IUIATHI. [Ipu 3TOM GopMupyercs
JKypHaJI oIMOOK *.err, copepamuii cienyromee cooduienue: Warning: Oversize option for PADS CAM docu-
ments is not supported. lannas ommoOka cBsizaHa ¢ TeM, uto B PADS Layout rpaHuna miarsl 10 yMOITYaHUIO
3aJaeTcsl 3aMKHYTBIM KOHTYPOM, Ha3biBaeMbIM Board Outline u npuHaaiexammM BceM CIIosM. 3alaHnie I'paHu-
bl TAKUM KOHTYPOM, a He B oTAenbHoM cinoe, CAM350 ne nmognepxusaet. Pemaercst nanHas npobiema cosnia-
auem B PADS Layout oTaensHOTO Cltos, KOTOPBIH OyAeT comepkaTh rpaguuecKkrie JaHHBIE O TPaHHIE ILIATHL
Iocne sxcnopra, mpu HEOOXOAUMOCTH, JAHHOMY CIIO¥0 TpucBanBaeTcs Tum Border yxxe 8 CAM350. Kak BunHO
n3 Tabim. 1, B pe3ynaprare MPUMEHEHHs 3TOTO CHOc00a yCIEIHO TPAaHCIUPYIOTCS KaK MapaMeTpHIecKue, Tak U
rpaduueckue naHHble. [log napaMeTpUUeCKUMH JaHHBIMHU 371€Ch OHUMAIOTCS JaHHbIE O LEMsIX, KOMIOHEHTaX,
MOJINTOHAX M OTBEPCTHSX.

[pu Tpancnsuuu neyatHoi rarel ¢ napamerpom CAM Documents (Graphics only, Orientations applied)
IMPOU3BOAUTCA SKCIIOPT TOJIBKO rpa(l)nquKMx JaHHBIX. I[aHH])Ie O ICMAX U KOMIIOHEHTaX HEC S3KCIIOPTHUPYIOTCA.
Takxe Kak U B IPEIbIAYILEM METOAE, OCHOBHOM OLIMOKOW NMPH TPAHCISALUK SBISETCS IOTEPsl TPAHULIBI TUIATHI.
Pemaercs ata npobiema ananorunyso. Kak BuaHO 13 Tabin. 1, TpaHCHsIMs napaMeTpUUECKUX JaHHBIX HE MPOHC-
XOJUT, TEM CaMbIM CTaHOBHTCSI HEBO3MOXKHBIM JlaJIbHEHIIIee PEJaKTUPOBAHHUE TPOEKTa U JIBYCTOPOHHSIS TPaHC-
JSIIUS TAaHHBIX.

Okcnopt ¢ napamerpom CAD Layers -> CAM Layers (As-Is) mo3Bossier Ipon3BecTH 3KCIOPT MPOEKTa
MIEYaTHOW IUIATHI B TOM BHIE, B KakoM OH Obi1 B PADS. B BeIXOmHOM (aiiie mpUCYTCTBYIOT BCE CIIOU, UCTIONb-
3yeMbIe B IIPOEKTE, IaXXe TE, KOTOPhIE HE COAeprkaT MH(OpMALMK WM 3IEMEHTOB. Takxke TpaHCIMPYETCsl MH-
(hopManus 0 LemIX ¥ KOMIOHEHTax. [ paHuIa B JaHHOM Cllydae TpPaHCIMPYETCsl Kak OTAeIbHBIN cioi. CortacHo
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Tabn. 1, JaHHBIM METOA MO3BOJSIET KOPPEKTHO TPAHCIMPOBATHh KakK rpauiyecKue, Tak U MapaMeTpUIecKue JaH-
HBIE, @ TAKXKE 00ECIEUNBAET IBYCTOPOHHIOIO TPAHCIILHUIO.

[TapameTpbl CAM Documents | CAM Documents | CAD Layers | DxcrmopT B | DxcmopT
(include Nets and (Graphics only, ->CAM DXF B Gerber
Parts) Orientations Layers
applied) (As-Is)
Hpensaprrensias PADS PADS PADS PADS PADS
00paboTka
[TocToOpaboTka PADS PADS PADS CAM350 | CAM350
Tun Tpancisauuu Heiitp. IIpsimas Helitp. Helitp. Helitp.
Popuat HelTpanbHOro ASCII - ASCII DXF RS-274X
Makpo-daiina
Tun obparHoii . . N N N
— Heiip. Hetip. Hetirp. Hetirp. Hetirp.
®dopmMaT HEHTPaIbHOTO
Makpo-(aiiina npu ASCII ASCII ASCII DXF RS-274X
00paTHOH TpaHCISIHAH
Tpancnsiuus
o o o o o
rpaduuecKHX JaHHBIX
Tpancnsuus
HapaMeTpUIeCKUX o x o x x
JAHHBIX
BosmoxHOCT
JIByCTOPOHHEMN O X o X X
TPAHCISALMU JAHHBIX

O: YCIICIIHO, JAHHBIC KOPPCKTHBI
0% yCIICIHO, IIpU NPpE€ABAPUTEIILHOM PEAAKTHUPOBAHUN
X JAHHBIC HEC TPAHCIUPOBAHBI, b0 TPpaHCIIUPOBAHBI HE KOPPEKTHO

Tabnuua 1. MapameTpbl TpaHcnALMK

[Tpu sxcnopte mnarer B DXF Tpancisatop PADS renepupyer ¢aiin DXF, Brirouaromuii B cedst rpadude-
CKHe naHHbIe. [lapamMeTpuyeckue JaHHbIE HE TPaHCIUPYIOTCA. Bce TaHHBIE 0 KOMIOHEHTaX B BBIXOZHOM (aiine
NpeACTaBIsIOT co00it TekeT 1 B CAM-(aiiie pacmonararoTcsi B OTACIBHBIX rpaduyeckux ciaosx. [Ipu aTom He-
BO3MOXXHO PEJAKTUPOBAHHE MPOEKTA NEYATHON IUIAThI M IBYCTOPOHHSS TPAHCIISLNS JaHHBIX COOTBETCTBEHHO.

3amyck TpaHcimsauu (adina gopmara CAM B dopmar PADS mpousBOIUTCS C MOMOIIBIO KOMAaHJIbI
File/Export/CAD Data... . B otkpbiBiiemcst okie CAD Formats Heo6xomumo BeiOpath myHKT PADS. Crienyro-
MM IIarOM TPAHCIISIIIAN TIPOCKTA MEUATHOM TUIaThI sBJIsseTCss uMIopT (aiina popmara ASCII pemakropom PADS
Layout. mmopt npousBoantcst komannoit File/Import.

Pa3bepem TummuHBIE MPOOIEMBI, KOTOPhIE MOTYT BO3HHMKHYTH Ipu TpaHciuauuu u3 CAM350 B PADS.
PaccMorpuMm cuTyanuio, Korjga IpOEKT NMedYaTHOH IuiaThl ObuT TpaHciupoBaH u3 PADS c¢ mapamerpom CAM
Documents (include Nets and Parts), m3smener 8 CAM350 u 3aTeM TpaHCIHPOBaH C M3MEHEHIMSIMH 0OpaTHO B
PADS. Ilpu tpancmsamuu ¢aitma B PADS rpanumna Opiia TpaHCIHpOBaHA B OTIACIBHBIN CIIOW ¢ mMeHeM Border,
cofiep Kammii B cede 3aMKHYTBI KOHTYpP TPaHHUIIBL, U Kak craHaaptHas mist PADS rpannna Board Outline. Ecim
B ucxomHoM PADS-¢aiine Oblia BritoueHa ommust Teardrops (aBTOMaTHYECKOE CO3[aHME TaK HA3bIBAEMBIX «Ka-
HeJIeK»; TAKHe «KaleJIbKWy MO3BOJIAIOT M30ekaTh MOSBICHHS OCTPBIX YIJIOB MEXIY MEABIO, B KOTOPBIX MOIYT
CKaIlUIMBAaThCS TPABUTENb U IIPOTPABHUTEINH IPOBOAHUKOB HA IJIATaX BBICOKOTO KJIacca TOYHOCTH), TO OHHU 3KCIIOp-
tupytorcst B CAM350 kak MOJIMIOHbI, 1 00paTHO OHM TPAHCIMPYIOTCS KaK MOJMIOHBI COOTBETCTBEHHO. Vcmpa-
BUTh JJAHHYIO IPOOJIEeMy MOXXHO JIMIIb PYYHBIM ylaJieHHeM c(hpOpMHPOBAHHBIX MOJHWIOHOB M JajbHEHIINM J0-
0aBJeHHEM «KareyeK» Bpy4HY0. KOHTypbl KOMIIOHEHTOB TPAHCIHMPYIOTCSl OTAENBHO Kak 2D-IMHHM Ha CIosiX
menkorpaduu. [Ipu nepemenieHn: KOMIIOHEHTOB B TAKOM CJIydae IIepeMEIaoTCs TOJIbKO KOHTAKTHbIE IIOIA/I-
K1, KOHTYp KOMIIOHEHTA K€ OCTAeTCsl Ha MECTe.

OCHOBHOW M caMoOil TJIaBHOW TpoOIeMOl B AaHHOM CiIydae SIBIISICTCS UMIIOPTUPOBAHUE IIOJUTOHOB. B
PADS TtparCcIupyeTCst KOHTYp YK€ 3aJHTOTO ITOJUTOHA. JTO BJIEUET 32 COO0H HEepaBMIBHYIO TPAHCILSINIO KOH-
Typa, 3aMEHY CKPYIJICHHBIX YYacTKOB OOJIBIINM KOJIMYECTBOM JIMHHH, OOPBIBBI B KOHType. Ecim nepBoHavaabHO
B IIPOEKTE IIJIAThl MMEIHCh BRIPE3bl B IOMUIOHE, TO B opmar CAM OHM HE TpaHCIMPYIOTCS, @ TPAHCIUPYETCS
YK€ 3aJUTHIN MOJUTOH C He3aJUTHIMH o0acTaMu. Bee 3To He mo3BossieT moiay4nuTh B pegakrope PADS Layout
IPHEMIIEMOTO TIOJINTOHA, IO3TOMY CO3JaHHE IIOJIUTOHA B IIOITy4YeHHOM (aiisie HeoOX0ANMO MPOBOAUTE 3aHOBO.

Tenepb pacCMOTPUM CUTYaLIUIO, KOTA IPOEKT NEeYaTHOMH uiarkl ObuT TpaHcauposad u3 PADS ¢ napamer-
pom CAD Layers -> CAM Layers (As-Is), usmenern B CAM350 u 3aTeM TpaHCIUPOBaH C U3MCHEHUSIMH 00paTHO
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TPAHCHNALUNA JAHHBIX MEXOY PADS 1 CAM350

B PADS. B otimume ot mepBoro cirydasi, B JaHHOM CIy4ae He BO3HHUKAeT HUKAKNX omrOoK. KOHTYpHI OMUTOHOB
TPAHCIUPYIOTCS KOPPEKTHO, KOHTYPBI KOMIIOHEHTOB, PACIIONIOXKEHHBIE B CIIOE IISNIKOrpaduyl, IPUBSI3aHbI K KOM-
MOHEHTaM, «KalelIbKI) TPAHCIUPYIOTCS 0OpaTHO HE B BUIE TOJIMTOHOB.

B xone ananusza ObiiM c(hOpMUPOBAaHBI PEKOMEHAAIMH MO ONTHUMHU3AIMK MPOLECCa TPAHCIALUN MEXKIY
PADS nu CAM350. PexomeHauu 1no npeaBapuTeIbHOMY PeJaKTUPOBAHUIO MTPOEKTa MeYaTHO! MJaThl B peaak-
tope PADS Layout npuBenens! B Ta0in. 2. PekomeHIanum 1o NpuMEHEHHIO METO/IOB TPAHCIISILIMKM PUBEICHBI B
tabi. 3.

Crioco6 npenBapuTebHOTO
peIAKTUPOBAHHUSI
Coznanne B PADS Layout
OTJICNILHOTO CJI0S, KOTOPBI OyieT
cofiepxarh rpa@uIecKue JaHHbIC

Mertoabl TpaHCISAIUU [IpoGema TpaHCaSITN

CAM Documents (include Nets and OTcyTcTBHE TPaHUILIBI IUIATHI
Parts) u CAM Documents (Graphics | npu Tpancisinuu u3 PADS B

only, Orientations applied) CAM350
0 I'paHHUIIE TUIATHI
CAM Documents (include Nets and OKCHOPT «Kamenex» Kak VYnaneHue nNoJIuroHoB U
Parts) TIOJIUTOHOB J00aBJIeHUE «KaleJIeK» BPYUHYIO
CAM Documents (include Nets and
Parts) 1 CAM Documents (Graphics | Pa3psIB KoHTYpa nosmrona VYnpoieHue KOHTypa HOJIUIOHA

only, Orientations applied)
CAM Documents (include Nets and [lepeHOC TOITBKO KOHTYPOB
. OTcyTCTBHE BBIPE30B
Parts) u CAM Documents (Graphics MTOJIUTOHA ¥ BEIpe3a, 0e3 3aJIiBKU
. . . B TIOJIMTOHE
only, Orientations applied) CaMOro TOJIMTOHA

Tabnuua 2. Cnocobbl NpeABapUTeNbLHOTO PeAAKTUPOBAHUS

PexoMenganuu mo oNTHMU3ANMH MPoLecCca TPAHCISAINI

Meton PekomeHalimy o NpUMEHEHHUIO
CAM Documents Pexomennmyercs st qBycTopoHHeit TpaHcusan Mexay PADS u CAM350 mns
(include Nets and Parts) HECJIOXKHBIX MPOESKTOB MPH HEOOXOMUMOCTH TPAHCINPOBAHNS MUHUMAIBHOTO
00BbeMa JaHHBIX
Pexomennyercs miast omHOocTopoHHeH Tpancmanuu u3 PADS 8 CAM350 ms

CAM Documents MHOTOKOMIIOHEHTHBIX TIPOEKTOB (MHOTOCIIOWHBIX, KPYITHBIX TabapuTOB, C
(Graphics only, KOJIMYECTBOM JIEKTPOHHBIX KOMIIOHEHTORB Oosiee 200), Tak Kak JOCTATOYHO TOUCH
Orientations applied) JUIS1 3TOTO, ¥, B CBSI3U MUHUMAJILHBIM 00bEMOM TPAHCIMPYEMBIX JaHHBIX, MOXKET

YCKOPHUTH MPOIece nepenadn (HaiioB B MPOU3BOJCTBO

Pexomennyercs nist aByctoponHel TpaHcasanuu Mexy PADS u CAM350, Tak
KaK OH SIBJISIETCS. HAMOOJIee TOYHBIM M3 BCEX CYMICCTBYIOIINX HA CETOMHAIIHUI
JICHb

He pexomenayercs nns nepeaaun B CAM-cucTeMsl, Tak Kak UMEET MECTO
OxcmopT B DXF HETOYHAs Tepeaavya JaHHBIX 1 HEBO3MOXKHA TBYHAIIPABIICHHAS TPAHCIISIIUS.
MoskeT OBITh peKOMEHIOBaH s repenadn qanHeix B MCAD

Pexomenmyercs s omHOCTOpOHHEH TpaHcmsiuuu naHHbX n3 PADS 8 CAM350
JUTE MHOTOKOMITOHEHTHBIX ITPOEKTOB (MHOTOCIIOWHBIX, KPYITHBIX TabapuTOB,

C KOJIMYECTBOM DJICKTPOHHBIX KOMIIOHEHTOB Oostee 200) nmpr MUHHUMAaIbHBIX
00beMax TPaHCIUPYEMBIX JaHHBIX

CAD Layers -> CAM
Layers (As-Is)

Okcnopt B Gerber

Tabnuua 3. NMprumeHeHne METO4OB TpaHCNALMUN
3akioueHue

B pesynbrare nponenaHHON pabOThI IPOaHAIM3UPOBaHbI (PyHKIMOHAILHBIE BOBMOKHOCTH cucteM PADS
n CAM350, paccMOTpeHbI BO3MOXKHBIE METOJIbI TPAHCISIIMK TaHHBIX, ONpeAeIsieMble (yHKIIMOHAIOM CHCTEM,
BBISBJICHBI MX HEIOCTaTKW M MPOAHAIM3MPOBAHBI BO3HHUKAIOIINE B IPOLECCE TPAHCISALMU OLIMOKH, TaKHe Kak
MOTEps TPAHUIIBI TUIATHI, HEKOPPEKTHAs TPAHCIALMUS MapaMeTPUIeCKUX JaHHBIX WM OTCYTCTBHE 3THX JAHHBIX,
pa3pbIB KOHTypa IOJIHWTOHOB, OTCYTCTBHE BBIPE30B B ITIOJIMTOHE W IPOYME OIIMOKH, KOTOPHIE OTPa)KEHBI B
tabn. 1, 2. PaccMoTpeHs! npuynHbl oinO0K. Ha ocHOBe mony4eHHbIX pe3ysbTaToB ObLIM NPEIIOKEHBI ACHCTBUS
M0 ONTHUMM3ALMK JAHHBIX METONOB, NPUBEICHHBIC B TA0MN. 2, sl KOPPEKTHON TPAHCIALUM JaHHBIX, KOTOPBIE
MOTYT OBITh HCIIOIBb30BaHbI HA IPOU3BOJCTBE MIPY MPOSKTUPOBAHNY NE€UATHBIX TIIAT.

[Ipu npuMeHeHHH NpeIOKEHHBIX PEKOMEHAALUI MO MpeaBapuUTeIbHOMY PelaKTHPOBAHUIO, IPUBEIEH-
HBIX B Ta0J. 2, ¥ MCHOJIB30BaHUIO ONTHMAJILHOIO METOAA TPAHCISALMH JaHHBIX U3 TaOll. 3 yMEHbLIAETCS BpeMs
MO/ITOTOBKHM IIAThl K MPOU3BOJACTBY M oOecreunBaeTcsi Oosiee KOPPEeKTHBIN 0oOMeH naHHbIMU. Ha ocHOBe mpen-
JIO)KCHHBIX PEKOMEHIALNI MOKHO YCOBEPIIEHCTBOBATh UMEIOIINECS MHCTPYMEHTHI TPAHCIISIUK JaHHBIX.
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JanbHeie nccaeoBanus B JaHHOW 00JacTH MOTYT ObITh HANpPABJICHBI HA CO3[aHHE HOBOTO YHHBEP-
canpHOTO (hopMmara NAaHHBIX JJIS IBYyCTOpOHHero oomeHa maHHbIMEH Mexny EDA m CAM-cucremamu, 1mo3Bo-
JISTFOIIIETO TOYHO M OBICTPO IepeaaBaTh HHGOPMALKIO 0€3 J0pabOTKH HCXOMHBIX (DAIOB.
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