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1. COCTAB HAKETA NPUKJIA/IHBIX ITIPOI'PAMM ORCAD

[Maketr mpukiaausix nporpamm Orcad mpenHasHaveH JUisi aBTOMATU3AlMK Ipoliecca
MIPOEKTUPOBAHMS IJEKTPOHHBIX YCTpPOWCTB. OH TMO3BOJIAET NPOBECTH MOJEIUPOBAHHE
MEPEXOHBIX MPOLECCOB, PACCYUTAaTh YacCTOTHbIE W UIIYMOBBIE  XapaKTEPUCTUKHU
aHaJIOrOBOro,  LU(POBOrO WM  AHAJIOTO-IU(POBOro  YCTPOHCTBA,  3aAaHHOIO
MPUHUUNHUAIBHON CXEMOHM, ONTHMHM3UPOBATH NapaMeTpbl YCTPOWCTBA B COOTBETCTBUHU C
3aJlaHHOM 1lesieBoM (yHKIMeEH, pa3paborarh mnedyaTHyro miaty. Kpome mnepednciieHHbIX
BO3MOKHOCTEH nocneassst Bepcus nakera (Orcad 10) BkiaroyaeT HOBbIE BO3SMOXHOCTHU I10
npoekThupoBaHuio ycTpoiicTB Ha 0aze FPGA/CPLD wuHTerpanbHbIX CX€M; MO3BOJISIET
pabotaTh C TMporpaMMaMu pa3MENIeHUsI M TPacCUPOBKH OT (PUPM-U3TOTOBUTENEH
kpuctaioB Xilinx, Altera u Actel (mpu npeaBapUTEeNIbHON MHCTALTALIUKA MPOTPaMM).

HaznaueHue oTAeNbHBIX MPOTpaMM, BXOJSIIMUX B COCTAB MAaKeTa, MPUBEACHO B Ta0.
1.1.

Tabnuma 1.1
ITporpammsl nakera Oread 9.2

Ha3Banue nporpamMmsl Ha3nauyenne

Vupapnstomass 000709Ka,  MO3BOJSIONIAs BBOAWTH U
Capture CIS pelaKTUpPOBaTh MPUHUUIHAIBHYIO CXeMy B TpaduiyecKoM
PEXKUME, a TAKKC BBI3BIBATH OCTAJIBHBIC ITPOrpaMMBbI ITAKETaA

Layout Plus Pa3paboTka megaTHpIX miat

[IporpamMmma  MoOAeNIUpPOBaHUS aHAJIOTOBBIX, IUPPOBBIX U

PSpice AD .
aHAJIOTO-IIU(PPOBBIX YCTPOUCTB

PenaktupoBanue CymecTBYIOUIMX M CO3JaHHE HOBBIX

PSpice Model Editor
OMOJIMOTEK IEMEHTOB

OnTumuzanusi mapameTpoB YCTPOWCTBA JUISl JOCTHXKEHMUS
PSpice Optimizer HaWay4dmero (QyHKIMOHUPOBAHHS B  COOTBETCTBHU C
1eneBon pyHkuei

PSpice Simulation Manager VYnpasiieHue 3aJaHUsIMU Ha MOJIETTUPOBAaHUE YCTPONCTBA

PSpice Stimulus Editor Penaktop BX0oAHBIX BO3JEHCTBUIMA

JIJIsi BBIMOJTHEHUS HYXHBIX Pa3pabOTUMKy ACHCTBUH MOXET BBI3BIBATHCS JIMOO
HETMOCPEICTBEHHO HeoOXoauMasi B JIaHHBIM MOMEHT mporpamma (Hampumep PSpice Model
Editor), mmbo ympasnstomas o6onouka (Capture CIS) ¢ mnocneayomuM BbIOOPOM
HeoOxomuMoro gAeictBus. I[locmenuuit myTh oOJagaeT OOJbIIEH 1EIOCTHOCTHIO U
HaTJISTHOCTBI0O U MOXKET OBITh PEKOMCHJOBAaH IMPH CO3JaHMH HOBOTO IMPOEKTA, a TAKKE
HAYMHAIOIUM TI0JTb30BATEIISIM.

3amyck BBIOpAaHHOW MPOTPaMMBI OCYIIECTBISIETCS JIMOO ¢ MoMoIbi0 MeHio Ilyck
(manpumep, Ilyck — IIporpammer — Orcad Family Release 9.2 Lite Edition — Capture CIS
Lite Edition), 1100 J1100bIM APYTYMM HU3BECTHBIM ITyTEM.



2. TIPOI'PAMMA CAPTURE CIS

2.1. PaGouee oKkpy:xeHUe

[locne 3amycka Ha BBIMOJTHEHHE HAa DJKpaHE TIOSABISETCS OKHO TIIPOTPAMMBI,
IIPUBEJICHHOE Ha puc. 2.1.
B 1eBoM HMXHEM YIiy pacroiioKeHO
R icatEopine MUHUMU3UpOBaHHOE OKHO Session Log, B
Fle View Edt Optiors Window Help
KOTOpO€  3amuchiBaeTcs  uWHOpMamus O
JCHCTBUAX, MMPOM3BEICHHBIX B TEUCHHE CEaHCa
paboTHI ¢ YIPABISAIOINICH 000I0UKOM.
[Ipu BeIOOpe myHkTa MeHIO File—New
nporpamma  Capture < npeioRuT Cco3AaTh:
HOBBIN npoekT (Project), paspadotky (Design),

5

B|@| | &= 2l | =

\Q oubmmoreky (Library), VHDL win TekcToBbIN
I Session Log [l ¢aiin. @aitn - npoexkra (pacmupenue .OPJ)
[Beedy [Sessinog 7l comepxWT . yKaszaTelb Ha  OAMH  (paiin

Puc. 2.1. CrapToBOe OKHO MporpaMME! paspaborku (.DSN), a Taxxke OUOIMOTEKH,

VHDL daitnbl, BeixoaHbIe (paiiabl OTYETOB, CBsi3aHHBIE C (aitiom pa3pabotku. B daiine
pa3pabOTKH HaxonATCs OAHA WM HecKoibko mamok (schematic folders), comepkamux mno
OJIHOMY WJIM HECKOJIbKO JIMCTOB cXeMbl (schematic pages), a Takke K3II pa3pabOTKH,
KOTOPBIA, MOJOOHO OMOIMOTEKE, COJIEPIKUT KOIHUH BCEX AJEMEHTOB, HCIOJIB30BaHHBIX B

pa3paboTke.
[Tpu co3gannm HOBOTO MPOEKTA HA IKPAHE MOSBUTCS OKHO, TIPEJCTABICHHOE Ha pHC. 2.2.
Kpome wumenu mnpoexkta (Name) u ero

LT "l \ECTONOJNIOKEHUS ~ Ha  JHUCKE  I0JIb30BaTells
Name @\ (Location) He0OX0IMMO BBIOpATh THUII MPOEKTA:
! A Analog or Mixed A/D — npu panpHeWem
- Create a New Project Using ﬂap . I .
¢ WCIOJIb30BaHUU NporpaMmsl PSpice;
1\ % Analog or Mixed A/D . o
Fpy © arba e 10 e Uses PC Board Wizard — npu panbHeimem
B © eeoomtwia S UCII0JIb30BAHUK IporpamMMel Layout;
Mized A/D project. The . .
n - | new piject may b bark Programmable Logic Wizard - npu
?.}:? " Programmable Lot d or colpned from an existing
a template.

_ pa3zpabotke cxembl Ha ocHoBe [1JIVC;
Bl 5‘*‘“““3 Schematic — npu HEOOXOAUMOCTH CO3JAHUS

TOJBKO qCpTCiKa HpHHHHHHaHBHOﬁ 00

Loc:

T Browss.._| (GyHKIIMOHAIBHOM  cXeMmbl  0€3  JajbHEHIero
U MOJIENUPOBAaHUs 100 pa3pabOTKU  MedaTHOM
TJIATHL.

Puc.2.2 OxHo npu co3nanuu
HOBOTO NPOEKTa

Co3zniaB HOBBIN MO0 OTKPBIB CYHIECTBYIOIIUNA MPOEKT, B JIEBOW YaCTU dKpaHa MOMXKHO
YBUIETh OKHO MeHemkepa mpoekta (puc. 2.3), KOTOpbIM SBIsIeTCS YIAOOHBIM CpPEICTBOM
yhpaBiieHus QaiiaMmu NpoeKTa.
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Puc. 2.3. Bua skpana npu OTKPBITUH TPOESKTA

Jlist pegakTupoBanusi BBIOpaHHOTO (aitina B OTIETbHOM OKHE HEOOXOAMMO MPOU3BECTH
JBOMHOM LIETUOK J€BOI KHOMKON MBIIIK Ha BBIOPAHHON MUKTOIPaMMe.
Jlnst noGaByieHust HOBOTO (paitia B IPOESKT HEOOXOAUMO:

I Bapuamnr:

1) BBIOpaTh B MEHEKEPE IMPOCKTOB TAIKy, B KOTOPYIO OyaeT 100aBIsIThCS (aii;

2) u3 menro Edit BeiOpats myHKT Project;

3) BbIOpaTh HYxHbIM (aiin B mosiBuBLIeMcs nuanoroBom okHe Add File to Project
Folder u naxatp kHoTiKy Open.

II Bapuaur:
nepetamuth (aitn u3 okna Windows Explorer B Hy)kHYI0 Manky MeHeKepa NpoeKTa.
[len4ok mpaBoii KHOMKON MBIIIM Ha (aiiie Wik nanke B OKHE MEHEeIDKepa MpoeKTa
BBI3BIBACT IOSABJICHUE KOHTEKCTHOIO MEHIO, 3aBHCSILErO0 OT Ha3HA4YCHMs JaHHOro (Qailna
WM Manku. Buj KOHTEKCTHBIX MEHIO Ui (DailyioB, coaepKallux YepTek NPUHIIMIUATIBLHOM
CXeMBI, U (ailyloB, coaepkKallluxX 3alaHue Ha MOJAEIMPOBaHUE, IPUBEAEH Ha puc. 2.4, a u 6
COOTBETCTBEHHO.

= Simulate Selected Profile(s)
a Edit Page o) View Simulation Results
Rename View Output File
Schematic Page Properties Edit Simulation Settings
Edit selected object properties... Make Active
Part manager Part manager

Puc. 2.4. KoOHTEKCTHBIE MEHIO



Hns ynanenus (aitna HEOOXOAMMO BBIJICTUTh €r0 B OKHE MEHEKepa MpOoeKTa U

HakaThb kiaBuiny Delete.

VY 100HBIM CpeacTBOM, OOJETryarolMM B3aUMOJEHCTBHUE IOJIB30BATENS C MPOTrPAMMOM,
ABJIAIOTCS TIAHEIM WHCTPYMEHTOB, B3aUMHOE IOJIOXKEHHE KOTOPhIX MOKHO HU3MEHSTh
nepeTsruBaHueM Mblblo. HazHaueHue pa3nuyuHbIX MHCTPYMEHTOB MPUBENEHO B Tabu. 2.1,

2.2u2.3.
Tabmuma 2.1
Wnctpymentst Capture
IMukTo- Bbinosinenue yepes
Ha3Baunmue Ha3znauenue
rpaMmma MEHIO0
Tools — Cross
Coznaer TaOHILy, COJICpIKAITYIO
= [epekpect- | nHMOPMAIMIO O HOMUHAJIE JIEMEHTA, €ro Reference
i
== Hasl CChUIKA | TIO3UITMOHHOM 0003HaYCHNH,
—
OMOTMOTEYHOM UCTOYHUKE H JIP.
— ClcoK Co3maer  CHMCOK  KOJMMYECTBA U Tools — Bill of
== HOMHUHAJIOB AJIEMEHTOB I BBIOpaHHOM Materials
== MaTepHaJIoB
CTPaHUIIBI
Options— Preferences—
[IpuBsizka | Brirouaer (BBIKJIIOYAET) MPUBS3KY K 1 .
Grid Display— Pointer
K CeTKe CEeTKe .
snap to grid
Menemxep Window — Ha3BaHue
OToOpaxkaeT MeHeHKep MPOCKTa .
MIPOEKTa MIPOEKTA.0pj
Yacro
sn sl | memoibaye- Bcrapnser sneMeHnT U3 ciucka Haubosiee
MBI 4acTO UCHOJIb3YEMBIX
AJIEMEHT
YBenuye- .
VBenuuenue View — Zoom — In
HUE
YMeHb- .
YMeHbIeHne View — Zoom — Out
UIEHUE
Yeenmumuuth | YBenumumBaeT BBIOPAHHBIA IPSMOYTOJIb- .
- p PAMOYT View — Zoom — Area
3 BBIOpaHHOE | HUK
— —t
l YBenmuuuTh )
ce [Toka3bIBaeT BCIO cXeMy View — Zoom — All
[IpucBanBaeT TO3UIIMOHHBIE 0003Ha-
U ‘-I‘I Casi3ath P Tools — Annotate
' YCHHS BBEJICHHBIM DJIEMEHTaM
Ilo3BomsieT BHECTH H3MCHCHMS,
Buectun
caenaHHble B Jpyrux nporpammax | Tools — Back Annotate
W3MCHCHHUS

(manmpumep Layout)




Oxkonuanue tadi. 2.1

[IpoBepka cxemMbl Ha BBIIIOJIHEHUE

Taonura 2.2

v [IpoBepka | OCHOBHBIX AJIEKTPUUECKUX U KOHCTPYK- [ Tools — Design Rules
IIpaBUII UMOHHBIX mpaBwi. [lo3BonseT HaWTH Check
— OImHOKHN
. Cospars Cozmaer ¢ain-onucaHne CXembl B
ONHCaHUE Tools — Create Netlist
¢dopmare, 3a71aBa€MOM I10JIb30BATEIEM
— CXCMBbI
HNHCTpyMEHTBI pejakTopa cXem
IMukTo- Breinosinenue
Ha3Banmue Ha3nayenue
rpamma yepe3 MeHI0
Bri6op Bri6upaeT 00BbeKThI
Boibupaer snemMeHT u3 OuOIMOTEKH
:D- DJIeMEHT Place — Part
TSl BCTABKH B CXEMY
Pucyer  mpoBoma,  anexTpuyecKku
_l COEJIMHSIOLINE TOYKH CXEMBI. .
Coenunenue . Place — Wire
VYnepxxanue xiasumu Shift mo3Bosisier
pUCOBaTh HEOPTOTOHAJIbHBIE POBOJIA
[lo3BoJsisleT HA3HAYUTH HMs IIPOBO .
M Nms nenu POBOALY Place — Net Alias
WM TIIMHE
Pucyer mmHbI. YjaepkaHue KIaBUIIA
I [Huna Shift mo3BoOJIIET pHICOBATH HEOPTO- Place — Bus
TOHATBHBIE CETMEHTHI
—+— V3en Broaut y3en Place — Junction

Bxoa munabI

PI/ICYCT BXObI ITMHBI

Place — Bus Entry

Q [Intanue Pucyer cuMBOIIBI IUTaHUA Place — Power
GHO
e 3emutst Pucyer cuMBOmBI «3eMITH» Place — Ground
E Hepapxuuec- B - Place — Hierarchical
b CTaBJISIET HEepapXUUECKU OJIOK
KHil 670K pap Block
———




Oxkonuanue tadi. 2.2

Hepapxu-
YECKHUU MOPT

BcraBnser nuepapxudeckuii nopt

Place — Hierarchical Port

Hepapxu-
YECKUU Bcrasnser nepapxudeckuil BBIBOJ Place — Hierarchical Pin
BBIBOJI
Mexctpa- o
{{ |: . Jlo6aBisieT MEXXCTpaHUYHBII Place — Oftf-Page Con-
HUYHBIN
COCTMHUTEND nector
COEJIMHUTEIIb
b< Her BcraisieT cuMBOIT
coeIMHEHUI «HET COeIMHEHHSD Place — No Connect
\-\ . I JInnnsa Pucyer nunuto Place — Line
V I [Tonunuaus Pucyer nunuto ¢ Toukamu u3ruda Place — Polyline
Pucyer npsamoyronbHuk.  VYnep-
[Ipsmo- .
xanue wiapumu - Shift  mo3Bosser Place — Rectangle
YTOJIbHUK
HapHCOBaTh KBaJpaT
Pucyer JJUIATIC. VY nepxxanue
D Sl KJIaBUIITH Shift MTO3BOJISIET Place — Ellipse
HapuCOBATh MTPABUJIBHBIN KPYT
1 I Hyra Pucyer gactb OKpyKHOCTH Place — Arc
A | Tekcr [To3BoJII€T BBOUTH TEKCT Place — Text
Tabnuna 2.3
HNHCTpyMEHTBI peiakTopa 3JEMEHTOB
[Tomermaet Ha n300paxeHne
IEEE JJIEMEHTa  €T0 KIMOHAJIBHOE
T Dy Place — IEEE Symbol
CHUMBOJI Ha3HAYeHUEe B BHUJE CTaHIAPTHOTO
IEEE cumBona
1 :
BeiBox Pucyer BbIBOJ D11€eMEHTA Place — Pin
Maccus .
g_ Pucyer maccuB BbIBOJIOB Place — Pin Array
I BBIBOJIOB




B HWwKHE!l 4YacTH OKHa pacHojOXeHa CTpPOKa COCTosHus (puc. 2.5), Ha KOTOpOii
oToOpaxkaroTcs (ciieBa HalpaBoO) COCTOSIHUE BHIOPAHHOTO MHCTPYMEHTA JIMOO MOSICHEHUE K
MYHKTY MEHIO; KOJMYECTBO BHIOPAHHBIX 3JIEMEHTOB; TEKYIIUH MacmTad W TOJOKEHHE

Kypcopa.

| Ready O items selected 'Scale=100% X=1.50 Y=350 A

Puc. 2.5. Ctpoka coctosinus

CTpoKy COCTOSIHMSI M TIaHEJIM WHCTPYMEHTOB MOKHO YOpaTh € 3KpaHa, BbIOpaB
COOTBETCTBYIOLIMI MYHKT MEHIO View.

2.2. IloaroroBka cxembl 1 MojeJiMpoBaHue HA PSpice

[lepen co3manreM HOBOTO MPOEKTa HEOOXOIUMO B CTAPTOBOM OKHE mporpammbl Capture
(cm. puc. 2.1) BwiOpath mnyHKTBI MeHIO Options — Design Templates, Options —
Preferences u yctaHoBUTH TpeOyemble €IWHUIIBI MU3MEPEHUS, pa3Mepbl CTPAHUIIBI, IIar u
NPUBSI3KY CETKH, IPYrHe HEOOXOAMMEBIE MapaMeTpbl. B MpOTHBHOM ciiydae MpOeKT Oymaer
CO3JIaH 1o mabJI0HaM, YCTaHOBJICHHBIM paHee.

ITpu cozmanuu HoBoro npoekta (File — New — Project) Heo6xoauMo B OKHE CO3/1aHUs
HOBOT'O MpoekTa (cM. puc. 2.2) ykazaThb ero Tui jubo kak «Analog or Mixed A/D», nmu6o
kak «PC Board Wizard». B mocneqnem ciyuae B MOSIBUBIIEMCS OKHE MacTepa CO3JaHUs
PCB npoekra (puc. 2.6) Heo0X0aUMO aKTUBH3UPOBaTh MyHKT Enable project simulation.

PCB Project Wizard [ ]

d ' Add analog or mived-signal simulation resources.

" AddVHDL-based digital simulation resources.

Kt Eza I Nanee > | Ormera Cnpaexa |

Puc. 2.6. OxHo mactepa co3znanusi PCB npoekra

Ilocne CO3JaHUA IMPOCKTAa IMPOU3BOAUTCA BBOJ, HpI/IHLIHHHaHBHOﬁ CXCMbI

MOJIB30BaTelIl C MOMOIIBI0O MHCTPYMEHTOB PEIaKTOpa MPUHIUMIHUAIBHBIX cXeM (cM. TalJl.
2.3).

Kak nmpaBuiio, cHauajga TpOU3BOIUTCS BBOJ AJIEMEHTOB NMPUHITUIUATIBHON CXEMBI C
MOMOIIIBI0O KHOMKH «JJIeMEHT» (WIM HakaThs Ha KJlaBHUaType KiaBuinu P), mpu 3Tom Ha
skpaHe nosiBnsiercss okHo Place Part (puc. 2.7). B 1eBoM HUMXHEM yrily OKHa pacrioJioKeH
CIIUCOK OMOJMOTEK, W3 KOTOPOrOo MPOU3BOAMUTCS BBIOOP HYKHOTO d3JIEMEHTa, MPU STOM
IyTEM BBIJICJICHUSI MOYKHO yKa3aThb Kak OfHYy OMOIUOTEKy, Tak U Bce cpazy. OTMETUM, UTO
JUISL JadbHEWIEero MOJCIIMPOBAHMS CXEMBI C MOMOIIBI0 TporpaMMbl PSpice HeoOxomumo
BBIOMPATh TOJILKO T€ 3JIEMEHTBI, KOTOPhIE CHA0KEHBI MOJICIIbIO HA SA3bIKE MOJICIIUPOBAHMUS, O
4eM CBUJETEILCTBYET HAIM4YHME MUKTOTpaMMmbl PSpice moa mzoOpaxenuem snementa. [lpu



HEOOXOAMMOCTH JallbHEHIIeH pa3paboTKW MEYaTHON TUIATHI JEMEHT JIOJDKEH COJEP’KaTh
TaKXKE OINUCAaHUE TOCATOYHOTO MECTa, O YEeM CBHJCTEIBCTBYET HAIMYUE MUKTOTPAMMBI
Layout. [Ipy He0OX0IMMOCTH CIHMCOK MCHOJIb3yeMbIX OMOIMOTEK MOXHO YBEIMUYUTH JINOO
YMEHBIIUTH C TIOMOIIBIO COOTBETCTBYIOIIUX KHOIIOK, ITPH 3TOM OHOJIMOTEKH C MOACISIMU Ha
s3bike PSpice pacnomnoxenst no aapecy C:\Program Files\OrcadLite\Capture\Library\PSpice
U UMeIoT paciupenue *.olb.

Tumn snemerTa BBoj anmemenTa
Place Part [ ¥]
Part:
\4;: Orwena
o Cancel J—-
art List:
e ooty JloGasuTs GHGTHOTEKY
C_var Remove Library
N
CIHCOK 3IEMEHTOB ;BDW Part Search.. Ynanuth GuOIHOTEKY
B BEIOpaHHOU 6ubInoTeKe FROLY '\
GPOLY - Hel
H o b | ITouck ameMenTa 1o Ty
Lhraries [ Graphic B Pa3IMYHEIX OUGIHOTEKAX
i — c?
ANALOG_P £ Coret !
BREAKOUT
ElgsxﬁnYCache r— Packaging __| |__
MODELLIE2 Parts per Pkg: 1 1
SOURCE Bar =
SOURCSTM et | | n \\
SPECIAL Type: Homogeneous ca| 7o
CHHCOK HCTIONB3YeMBbIX N ad = "\ _306paeHue 1eMenTa
oubnuortek

. Hannune monenn
%’ Hanuuue mogenu qs mporpammsl PSpice mutst mporpammel Layout

Puc. 2.7. HazHaueHue 3memedToB oxkHa Place Part

Ecnmum Owmbnumoreka, cojaepykarias  HYKHBIH 3JEMEHT, HEU3BECTHA, TO MOXKHO
MIPOU3BECTH MOUCK BO BCEX OMONMOTEKAX W3 3a/JJaHHOW TMANK{ ¢ MOMOIIBI0 KOMaHJbI Part
Search.

[Tpu HaxxaTun kHOMKM OK Kypcop mepeMeniaeTrcss Ha CTpaHUIY ¢ NMPUHIUITHATLHON
CXEMOM, TIPH 3TOM BBOJ] 3JICMEHTA OCYIIECTBIIICTCS Ha)KaTHEM JIEBOW KHOINKHM MbIIHU. [Tpu
HEOOXOIMMOCTH TIOBOPOTA JJIEMCHTA INETYKOM TIPaBOW KHOITKOM MBI BBI3BIBACTCS
KOHTEKCTHOE MCHIO, M3 KOTOpOro BhIOMpaeTcs NMyHKT Rotate. Ilocime BBoma Hy»X)HOTO
KOJIMYECTBA DJICMEHTOB HPOW3BOJUTCS JIMOO BBI30B KOHTEKCTHOTO MEHIO C IMOCJICAYIOIIHM
BbIOOpOM KoMmaHAbl End Mode, mu6o Haxkatue kinaBumu Esc. DieKTpHueckoe COSAMHCHHE
AJIEMCHTOB MPOM3BOAUTCS C IOMOINBI0 HWHCTpyMeHTa «CoeauHEeHHE» (BBI30B JIHOO C
MOMOIIBIO TAHETW HHCTPYMEHTOB, JMOO HaxaThem kimaBuimu W). [Ipu 3ToM mieadok B
MeCTe TIEepPeCCUYCHHsI JIBYX IPOBOJOB J00aBiIseT y3eld, B MPOTHBHOM  ClIydae
MEPECCKAIOMIMECS TMPOBOJA JJICKTPUYECCKH HE COCIUHSAIOTCA. Ilpwm  HEOOXOIUMOCTH
W3MEHCHHUS HOMHUHAJIA JIN0O TIO3UITMOHHOTO 0003HAYCHUS AJIEMEHTA TIPOU3BOIUTCS TBOMHOM
IICTYOK MBI Ha M3MEHSIEMOM NapameTpe. [[BOWHOW IIEeT4OoK Ha W300paKCHHH CamMoro
AJICMCHTA BBI3BIBAET PEIAKTOP CBOWMCTB; OTOOP M peJaKTHPOBAaHHUE HEOOXOIMMBIX CBOWCTB
MIPOIIE OCYIIECTBIIATH C UCIIOJb30BaHMeM (uiabTpa (puc. 2.8).

B3| Property Editor =I=] B3
New Column... I Apply | Display“.l Delete Property. ] Filter by: Ichad-Capluve M L] Help
Primitive Source I}\ 1 | ion Type i ion Path =l

SCHEMATIC1: PAGE1:C3: DEFAULT :CAPROGRAM FILE.S\ORC}]DLITE\C}IPTUR\.(IBR}]RV\PSPICE\ANALOJ <none=

[P ]\Parts A Schematic Nets A Pins A_Ttle Blocks A Globals A Ports A Aliases /. IR} (I3

Puc.2.8. Pegakrop cBOiCTB



O0s13aTeIBbHBIM YCIIOBUEM BO3MOXHOCTU MOJACIIMPOBAHUA CXCMBbI ABJIACTCA HAJINYUC
QJICMCHTAa «3€MJIAA», HMCIOIICTO HMA «O». I[JBI 9TOT0 HAAO0 C IIOMOIIBKO HMHCTPYMCHTA

«3emMiig)» TIOMECTUTH Ha CXEMY ITOT JJICMCHT (pI/IC
- 2.9), mwaxomsmwmiicis B OubmmoTeke Source.
o - AJIBTepHaTI/IBHBIM PEHICHUEM SABIISICTCA

1N Cancel
$D_HI ﬁ
oM ] T I HCIIOJIB30BAHHUEC APYIOoro JJIEMCHTA <«GEMILI» C
_ O Eemoveumawl IMOCJICAYIOIIUM IIPUCBANBAHUEM €MY UMCHHU «Ow».
Help ] I[JISI a”HaJiu3a CXCMbI B IIEPEXOTHOM PEKUME
Libraries: o o
SRRV KpoOMCE CTaHIapTHBIX BXOJIHBIX BO3JICUCTBUU
Bl Hare: (CMHYCOM/IAILHOTO,  HPSMOYrOABHOI0)  MOTYT
0 o o
SPECIAL v HOTpe6OBaTBC$I UCTOYHHUKHU BXOJIHBIX BO3ICHUCTBHU

(Stimulus sources), 3amaBaeMble TOJb30BATCICM.
Haubomnee mnpocTeiM MyTeM CO3[aHHs JTaHHOTO
HCTOYHUKA SBJISICTCS HCTIOIH30BaHNE HCTOYHHUKA W3
OubIMoTEeKN Sourcstm.olb (C:\Program Files\OrcadLite\Capture\Library\PSpice\
Sourcstm.olb), B KOTOpoii NpeICcTaBICHBI:

VSTIM — aHajioroBple UICTOUYHHUKHU HAIIPSKECHUS;

ISTIM — aHajoroBble HICTOUHUKH TOKA;

DIGSTIMn — ucToyHUKH HUPPOBBIX CUTHAJIOB.

[Tocne pa3meleHusi MCTOYHMKA HA CXEME C ITOMOIIBI0 MPaBOW KHOMKH MBIIIH
BBI3BIBACTCSI KOHTEKCTHOE MEHIO0, U3 KOoToporo BbiOMpaercss myHKT Edit PSpice Stimulus,
MOCIIE Yero MOXKHO MPOU3BECTH PEJAKTHUPOBAHWE BXOIHOTO BO3ACHCTBHS C TOMOIIBIO
penakropa Stimulus Editor.

[Tocne okoHYaHMs BBOAA MPHUHIMITAAIBLHOW CXEMBI JKEIAaTeIbHO MPOBEPHUTH €€ Ha
HaIM4YUe OMMOOK, I 4ero JHO0 BOCIIONB30BaThcsi MHCTpYMEeHTOM «lIpoBepka mpaBui»
(cm. Tabu. 2.2), nu60 BeIOpaTh myHKT MeHIO Tools — Design Rules Check.

Puc. 2.9. OxHO 1ipu BbI30BE HHCTPYMEHTA
GND

@ [Tynkt mento Tools u uactpymenT «lIpoBepka nmpaBuin» CTAHOBATCS TOCTYMHBIMU MPU
aKTHUBAllMM OKHA MEHEJKEpa IIPOEKTA.

Ilocne sToro Ha 9KPaHC BO3HHUKACT OKHO, ITIOKA3aHHOC Ha pHUC. 2.10.

innemmxl - Jlist Toro 4roObl cpa3zy mpocMOTpeTh (haiisl oTyera,
[ —— E‘f”uv HE0O0X0MMO YCTaHOBUTH (uiaskok View Output.

[Comee @ WOUBT CocTaB  CBeJEHWH, BKJIIOYAaEMBIX B  OTYET,
i i W BBIOMPAETCS C MOMOIIBIO YCTAHOBKH COOTBETCTBYIOIIETO
€ Y ¢naxka B rpynne Report, a umeHHo:

A —— Create DRC markers for warnings — cosmaer
s ~ siiniguiiiaiiven Mapkeppl HE TOJBKO IS OWMOOK, HO U s
Pt L TPy IPEIKICHHIA;

r;f::g;AMzL?;\%TE\PSPICE\CAPTUHE_S Bowse| Check hierarchical port connections —

= onn | 5. || IDOBEPSCT COOTBETCTBHE HMEPAPXMUECKHX IOPTOB Ha

Pric. 2.10. OKHO HpH BEI30BE [JIABHOM M JJ0UEpHEN CTpaHUIIaX CXEMBI;
uacTpymenta DRC Check off-page connector connections —
MPOBEPSIET  COOTBETCTBHE HWMEH  MEXCTPAaHUYHBIX
COCIMHUTENIEH Ha BCEX CTPAHUIIAX CXEMBI;



Report identical part reference — npoBepseT HaJIMYKME HACHTUYHBIX CCBHUIOK Ha
pa3HbIE AJIEMEHTHI;

Report invalid packaging — npoBepseT Ha NPaBUIBHOCTh PA3MENICHUS JIEMEHTOB
1o KopIycam;

Report hierarchical ports and off-page connectors — BxitouaeT B ¢aitn oruera
cBeZieHUs1 00 HepapXUUYEeCKUX MOpTax U MEKCTPAHUYHBIX COCTUHUTEISX;

Check unconnected nets — npoBepsieT HaJlMYUe HEMPUCOCAMHEHHBIX LIeTIeH (Kaxaas
Henb o00s3aTeNbHO JOJDKHA HMMETh NyTh K <«3eMie»), a TakkKe Haluyue Ieneu c
OJIMHAKOBBIMU UMEHAMU;

Check SDT compatibility — npoBepseT Ha COBMECTUMOCTh ¢ MHCTpyMeHTaMu
Pazpabotku Cxem (SDT — Schematic Design Tools). IIpoBepka aaHHOrO myHKTa
HeoOXoIMMa MpH AalibHEWIeM coxpaHeHnu cxemsl B popmare SDT.

Report off-grid objects — BkiirogaeT B oT4YET CBeJeHUsI 00 0OBEKTAX, JICKAIINX BHE
CETKH;

Report all net names — Bk;1r04aeT B OTYET CBEJACHUS 000 BCEX MMEHAX IICTEH.

[Ipenynpexaenue — cooOlieHue, Mpu KOTOPOM BO3MOXKHO (B OTIMYHE OT OIIUOKH)
JajabHEenIee MOJETUPOBAHUE CXEMbl. [[J1 KOHKPETHONH CXEMBbl B 3aBUCHMOCTH OT
JIOTUKHU €€ paboThl YacTh MPEAYIPEKIECHUN MOXKET UTHOPHUPOBATHCS Pa3padOTUUKOM,
4acTh JOJDKHA ObITh 00513aTEJIBHO YUTECHA.

Kpome (aitma otyera, wunbopmanus 00 ommOkax pa3MemniaeTcs Ha H300paKeHUH
NPUHIUITHATBHON CXEMBl B BHJIE 3€JICHOTO KpPY:KKa PSJAOM C DIIEMEHTOM, IJISi KOTOPOTO

oOHapyeHa owmmbKa. J[BOMHON MIETIOK HA KPYXKKE
BBIBOJIUT Ha DKpPaH ONMUCAHUE OMHNOKHU.
S5 Beibop  cutryamnmii,  KoTOphle  HEOOXOIUMO
Input _| & &
o %lﬁoi""aig« ) paccMaTpuBaTh Kak  oOmuUOKy, JHOO  BBIJABaTh
pen Collector _| QT & %4\\\ g
E= Il'—?wo‘fls”}egi y MpeaynpexKIeHIe, MOXET OCYILIECTBIISITHCS
T JleteE ST MoJIb30BaTelieM ¢ TMoMmolbio BeiOOpka Bkiagku ERC
S s o :
opncomtr et 11— S Matrix B okHe puc. 2.10. Marpuiia npaBui NpoBEPKH
Passive Port W| W| WIW[ [WIW[WIW] 5% o >
pnmieret T LTl 6 & S omnbok n300pakena Ha puc. 2.11. Beioop 3Hauka «E»
Power ||| JE JEO] | NEn] D ] N JEN ] o
e B A A A 5 Ha MEePEeCeYCHUU COOTBETCTBYIONIEH CTPOKHU U CTOJIONA
| Podasots | (myTeMm IeuKa JEBOW KHOMKOW MBIIIN) MPUBOJIUT K
[ o | owee | owee || PACCMOTPEHHIO JAHHOM CHUTyallUd KaK OLIMOKH;
Puc. 2.11. MaTpuua npasu 3HA4YOK «W» MO3BOJISIET CTCHEPUPOBATH
HPOBEPKH OMIHGOK MIpEeAYNPEKICHHE. MopenupoBanue CXEMBI

OCylIecTBIsieTcsT  JUOO C  TMOMOUIbIO  TaHEeNH
WHCTPYMEHTOB (Tali. 2.4), npeactaBieHHoO# Ha puc. 2.12, 1100 ¢ MOMOIIbIO MYHKTa MEHIO
PSpice (Tabm. 2.5).

a2 2|22 v T |nw]

Puc. 2.12. I1anens mHCTpYMEHTOB 1S iporpamMmbl PSpice

Tao6nura 2.4



Haznauenune nacTpyMEHTOB [i1st iporpammbl PSpice

ITukTorpamma Ha3nayenue
E Co3znaer HOBBIY TTpodrITb (HA0OP MapaMeTpoB) MOACIUPOBAHUS
- Penaktupyer napameTpsl MOIEIUPOBAHUS
’ 3amyckaet mporpammy PSpice B pexxume Mo eTupoBaHus
[To3BossIET MPOCMOTPETH PE3YAbTATHI MOIETUPOBAHUS

VYcranaBnuBaer  Mapkep — HampsbkeHus.  [lo3Bosisier — ompenenuthb
HaIpsDKEHUE B 3aJJaHHOM TOUKE OTHOCUTEJIBHO MOTEHIHAIA «3EMII»

VYcranaBnuBaeT J1Ba Mapkepa, MeEXAy KOTOPBIMH  OIpelensercs
HaIlpsKEHHE

YcTranaBiuBaeT MapKep MOIIHOCTH

[To3BosisieT MPOCMOTPETH PE3yIbTAThI aHATM3A LeTH (HAMIPSKEHUs, TOKH,
W‘ MOIIIHOCTH B Yy3/1aX) IO IOCTOSSHHOMY TOKy. /Jlisi axkTuBamum 3TuX

MHCTPYMEHTOB JIOJDKEH ObITh aKTMBUPOBAH MyHKT MeHIO0 PSpice — Bias
Points — Enable

e
& YcranaBnuBaeT MapKep Toka
N

I

[lo3BonsieT  CKpBITh  BbIACIEHHBIM MapaMmeTp (HampsbKeHue, TOK,
WﬁL MOIIHOCTh). [Ijis1 aKTHBalMu COOTBETCTBYIOLIEIO MHCTPYMEHTA JOJIKEH

OBbITh aKTUBEH UHCTPYMEHT «V», «I», «W)» COOTBETCTBEHHO

Tabnuua 2.5
Komanpasr mento PSpice
Hazeanue Ha3nayenue
New Simulation Profile CoznaeT HOBBII POPHIIb MOAETUPOBAHUS
Edit Simulation Profile Pemaktupyer cymecTByronuii mpoduib MOIETUPOBAHUS
Run 3amyckaer nporpamMmy PSpice B pesxrMe MoIepoBaHus
View Simulation Results [To3BosIsIET MPOCMOTPETH PE3YIABTATH MOJIETUPOBAHMSL.
. . [To3BoJIIeT IPOCMOTPETh TEKCTOBBIM (Dalsl ¢ pe3ysbTaTaMu
View Output File P p ¢ pesy.
MO JICTTUPOBAHUS
. Coznaer TeKCTOBbIN (ailnm *.net, coxepkaluil ONUCaHUE
Create Netlist 6 ¢ » CodeprRall
CXEMBI
View Netlist ITo3BossieT mpocMOTpeTh co3aaHHoe (*.net) onucaHue cXemsl
Place Optimizer Parameters 3anaeTr napameTpsl s nporpamMmel PSpice Optimizer
Run Optimizer 3anyckaer nporpamMmmy PSpice Optimizer
Markers 3ajaeT MapKephl, OTMEYAIONINE HEOOXOAUMBIC I pacuera
HaNPSDKCHHS, TOKH, MOIITHOCTH
Bias Points Bb1aeT pe3yabpTaThl pacueTa Henu 1o MOCTOSHHOMY TOKY




[lepen HayanoM MOJENMPOBAHUSA HEOOXOAMMO CO3/1aTh MPoPuib (HAOOp MapaMeTpoB)
MOJICTTUPOBAHMSI, BOCIOJI30BABIINCH COOTBETCTBYIOIIUM HHCTPYMEHTOM (cM. Tabn. 2.4)
anb0 MyHKTOM MeHI0 (Tabmn. 2.5), 3aTeM ykaszaThb UMs s co3faBaeMoro npoduist. Bung
aHallM3a CXeMBbI U ITapaMeTphl MOACIMPOBAaHNUS YKa3bIBAIOTCS B OKHE puc. 2.13.

Simulation Settings - transient [ ]
General Analysis llnclude Files | Libraries | Stimulus | Options | Data Collection | Probe Window | Bpewmst mogenupoBanus
B Analysis type: M i
WO aHallu3a e Boman TranceniiEd Bun to time: 1000ns STOP) BpeMﬂ, IMOCJIE KOTOPOTO
e Start saving data after. |0 conds COXPAHAIOTCA PE3yIIbTAThI
JlonomHuTeNnbHEIE i e \ MOJIEIMAPOBAHUA
HaPaAMETDEL M General Settings L e B
P P [IMonte Carlo/worst Case Maximum step size: seconds
[ IParametric Sweep ) L ) ) ) o
[ Temperature (Sweep) I~ Skip the initial transient bias point calcula KIPBP) MaxkcuMaabHbIY 1I1Ar
["]Save Bias Point | pacueTa
[JLoad Bias Point Output File Options...

0K I OrtmeHa [ ppmeHnTE Cnpaska

Puc. 2.13. Co3znanue npodusast MOASANPOBAHUS

Bun ananu3za (Analysis type) MoxeT ObITh BbIOpaH Kak:

Time Domain (Transient) — ananu3 1enu BO BpeMEHHOM oOsacTu (pacyer
MEePEeXOAHOTO MPOIIecca);

DC Sweep — pacuer nenu Mo MOCTOSHHOMY TOKY IIPU HW3MEHEHUM HCTOYHHUKOB
MATaHUs, TapaMETPOB MOJAENIEHN SJIEMEHTOB WJIM TEMIIEPATYPHI B 3aJJaHHBIX MPEIEaXx;

AC Sweep/Noise — pacder AUX u ®UX nenu; npu JONOJTHUTEIBHON aKTUBALUU
pasnena Noise — pacueT HIyMOBBIX XapaKTEPHUCTUK (BKJIAJa Ka)KJOTO MCTOUYHHUKA IIYMOB B
BBIXOJIHOM CHUTHaJl, CPEJHEKBaApaTUYHON CYMMBbI IIymMa Ha BBIXOAE OT JEUCTBHUS BCEX
IIYMOBBIX T€HEPaTOPOB, pacUeT HKBUBAJIEHTHOI'O BXOJIHOI'O UCTOYHHKA IITyMa);

Bias Point — pacueT nienu no NOCTOSSHHOMY TOKY.

B pasnene Options kpome o6mux yctaHoBok (General Settings), onpeaeneHHbIX TIpU
BBIOOpE BUA aHAJIU3a, MOKHO JIOMOJIHUTEIBHO 334aTh:

Monte Carlo/Worst Case — ctatuctuueckuii ananusz merogom Monte—Kapio nubo
pacyer Leny Ha HauXyALIUN Clly4au;

Parametric Sweep — u3aMeHeHne MapaMeTpa CXEMBI;

Temperature (Sweep) — Temriepatypy, Npu KOTOPOH PACCUUTHIBACTCS PaOOTA CXEMBI
U €€ U3MCHEHHUE;

Save Bias Points — coxpaHeHue pe3yibTaTOB aHAIU3a CXEMbI 110 MTOCTOSTHHOMY TOKY
B OTJEJIBHBIN (haili;

Load Bias Points — 3arpy3ka u3 (aiinia 3HaueHull, onpeaesomux pexkum padboThl
CXEMBI 110 TIOCTOSIHHOMY TOKY.

Bun npaBoil wactu okHa puc. 2.13 ompepgensercss BbIOOpOM BHJA aHaiIM3a H
JOTIOJIHUTENIbHBIX IMAPAMETPOB MOAENUPOBAHUA. [l BBINOJHEHUS aHAIW3a CXEMbI IO
nepemeHHOMY TOKY (pacdyeta AUX u ®UX) HeoOX0auMO yKa3aTh:

Start Frequency — HaYaJbHYIO YaCTOTY aHAJIN3A;



End Frequency — KOHEUHYIO 4YaCTOTY aHAJIU3A;
Linear — npu HeOOXOAMMOCTH JIMHEHHOTO U3MEHEHUS YaCTOTHI;

Logarithmic — npu HeoOXoaumMocTH JOrapuPMUYECKOTO H3MEHEHHUS YaCTOTHI
(Decade — no nexagam, Octave — 1o OKTaBam);

Points/Decade — koJIM4eCTBO TOUEK pacyeTa Ha OAHY JACKANLY;
Total Points — o0111ee KOJIMUECTBO TOYEK pacuera.
Jist  00paboTKM pe3ynbTaTOB aHajiu3a C TMOMOIIbI0 MocTipoieccopa Probe

HEOOXOJMMO Ha BKJajgke okHa (cM. puc. 2.13) BwIOpaTh 3aknanky Probe Window u
YCTaHOBUTH nepekiitouarens Display Probe window.

[TocTnponeccop Probe mo3BoisieT mpoCMOTPETh pe3yJibTaThl aHAIKN3a B BUJE TpadUKOB,
@ YTO HAMHOT'O HarJIs/IHEE PE3YNIbTATOB, MIPEACTABICHHBIX B TEKCTOBOM daiise *.out.

[locne co3zpanus npoduiist MOAEIMPOBaHU HEOOXOIUMO 3aycTUTh Iporpammy PSpice
MyTeM HaXaTHsl MUKTOIPaMMbl C CMHEN cTpenkoil. [Ipu oTcyTcTBUM OIIMOOK Ha JKpaHe

HOSIBUTCS OKHO nporpaMmsl PSpice ¢ pesynbrataMu MoaeIupOBaHus, IIPUBEIECHHOE Ha PHUC.
2.14.

i SCHEMATIC1-15 - PSpice A/D Lite - [rcs-5-SCHEMATIC1-5.dat (active)]

= Plot Tools Window Help p%
% s e e e s — )] N )
[Re@a mses|Fome < [k i manme s

1.

‘Em & &l & c‘
°
-—

.ons. 2.0ns 3.6ms 4.6ms

os 1 5.8ns 6.0ms. 7.8ns 8.6ns
o U(R3:2,0)

Time

Labx

Time step = 3371€-03  Time = 8.000E-03 End= 8.000E-03

01\ Analysis A Walch \ Devices /.

[Time=8.000E-03 [100x EENNNENEEN YR

Puc. 2.14. Pe3ynpraTsl MOOEIMPOBAHUS

B ciydae, korja He OblIa yKa3zaHa TpeOyeMasi BBIXOIHAS BEIMYHMHA, B OKHE PE3YJIBTaTOB
MOJICIIUPOBAHUS OyJEeT OTOOpaKaThCs TOJIBKO KOOpAWHATHas ceTka. J[ns oToOpaskeHHsI
HeoOXxoauMoro rpaduka HeoOXoauMo A00aBUTH €r0 B YHCIO BHUJIMMBIX Ha DJKpaHE C

nomolpio myHkra MeHio Trace — Add Trace (1100 1IENKHYB MBIIIBIO HA MUKTOrPamMMe,
yKa3aHHOU Ha puc. 2.14).

B Tabn. 2.6 mnpuBeaeHO oOmMMCaHUE MHCTPYMEHTOB OOpabOTKH pe3yibTaToOB
MOJIETTMPOBaHMs, KOTOPBIE MO3BOJISIOT IPEICTABUTh PE3ybTaT B Haubosee ynooHou popme,
a TaKXe MPOBECTHU JOTOTHUTENIbHBINA aHaTN3 (PYHKIIMOHUPOBAHUS CXEMBI.



Tabmuna 2.6

NHcTpyMeHTBI 1J11 00pad0TKHU pe3yJIbTATOB MOICIMPOBAHNS

ITukTo- BrInoaHeHnue
Hasznadvenue
rpamma yepe3 MeHIO
H[[I OTtoOpaskaeT norapupMuUYecKyro HIKaity mo ocu X Tools — Axis Settings

Bemonnser ®ypbe-ananni. /g BeINOJHEHUA
JAHHOTO TYHKTa JIOJDKEH OBITh  pacCUMTaH Trace — Fourier
MEePEXOAHBIN MTPOIECC

-
3

% [lo3BoJIIeT CpaBHUTH XAPAKTEPUCTHUKH CEMEMNCTBA Trace — Performance

BBIXOJIHBIX CHTHAJIOB Analysis
pr—

OTtoOpaskaeT norapupMUYecKyro HIKkaily no ocu Y Tools — Axis Settings

N Crpour rpaduk Juisl yka3aHHON IepeMEHHOM

. yK Trace — Add Trace
—_— .
,’/ﬂ) Brrauciisier nenesyro GyHKIUO Trace — Eval Goal Function
@ Bcrapnsier TEKCTOBYIO METKY Plot — Label — Text
5
|, 1N [Tomeuaer paccyuTaHHBIE TOUKH —

2 Bxmrowaer oToOpakeHme Kypcopa. SBnsercs
'“‘ yIOOHBIM CpeACTBOM sl u3MepeHus 3HadeHuil | Trace — Cursor — Display
HETOCPEACTBEHHO MO IpaduKy

2.3. MoaeaupoBanne GyHKINOHAJIBHBIX CXeM

C momomipio mporpamm Capture — PSpice MOXHO MOIETHpOBaTh SIEKTPHUYCCKHE
CXeMbl HE TOJBKO Ha YypOBHE MPUHIMIHAILHOW CXEMBl, HO TaKkKe€ U Ha YypOBHE
GYHKIIMOHATBHOM, YTO SBISETCS YAOOHBIM CpPEICTBOM Ha »JTale MpeaBapUTEIBHOTO
OTpeieTICHHs TapaMeTPOB Kaxa0ro OJI0Ka YCTPOHCTBA.

JUiss  MomenupoBaHHWsS CXeMbl Ha (YHKIMOHATLHOM ypOBHE HEOOXOIUMO
ucnosib3oBaTh Oubmuoreky ABM (Analog Behavioral Modeling), pacnonoxeHHyio 1o
aapecy C:\Program Files\OrcadLite\Capture\Library\PSpice\abm.olb.

Becy Habop s1meMeHTOB 3ToiM OMOIMOTEKH MOXXHO pa3OWTh Ha JBa MOJMHOMXECTBA:
DJIEMEHTHI CUCTEM ympaBiieHUs U PSpice-aKBUBaleHTHBIE DJIEMEHTHI. DJIEMEHTHI CHCTEM
yIIpaBJICHHUS UMEIOT OJIMH BXOJ M OJMH BBIXOJ. [Ipeanonaraercs, 9T0 BXOIHbIEC (BBIXOIHBIC)
CUTHAJBl 3TUX DJIEMEHTOB JIEHCTBYIOT MEXIY BXOJIOM (BBIXOZOM) DJIEMEHTa M «3eMIICH»,
IIPU ATOM BHJI MCIOJIB3YEMOI'0 CHTHajia (TOK, HampsbDKeHue W T.1.) Oe3pasinudeH. PSpice-
DKBUBAJICHTHBIC 3JEMEHTHI OTPaXKalOT CTPYKTYpPY YHIPaBISEMBIX MCTOUYHUKOB Toka (G) u
Hanpspkenus (E), ucnonszyembix B mporpamme PSpice, u umeror nuddepeHnmanbHbii BXOA
¥ CUMMETPUYHBINA BBIX0J. OnucaHus neMeHToB oubnmorekn ABM mpuBeneHs! B Tadi. 2.7
u2.8.



DJIEMEHTBI CUCTEM YIIPABICHUS

Tabmuma 2.7

Kamezopusi DJIeMeHT Onucanue IMapameTpsbi
CONST Koncranra VALUE
SUM Cymmatop
OcHOBHEBIE
KOMIIOHEHTEI MULT VYMHOXKHTEIb
GAIN Yceunureib GAIN
DIFF Brranrtanue
LIMIT OrpaHu4uTesnb LO, HI
GLIMIT Yeumurenb-orpannuntens | LOHI,GAIN
Orpannuurenu Vi =
SOFTLIM «MSrKHi» yemmrens- | O.HLGAIN
OTPaHUYUTETh
LOPASS OUIBTP HIKHUX YaCTOT FP, FS, RIPPLE, STOP
OUIbTPHI HIPASS OUIBTP BEPXHUX YACTOT FP, FS, RIPPLE, STOP
UeObIIeBa BANDPASS | IlosocoBoit hpuibTp FP, FS, RIPPLE, STOP
BANDREJ PexextopHbIil GribTp FP, ES, RIPPLE, STOP
Unrerpatrop u | INTEG WuTerparop GAIN, IC
mupdepenunarop | DIFFER Huddepentmarop GAIN
[TepenaTounas DJIEMEHT, 3a/1aBaeMbIi
GysKIMA OT |\ py A | MEPSAATOUHON GYHKIUCH | \(1ppr pENOM
KOMILIEKCHOM OT KOMITJICKCHOM ITePEMCH-
IIEPEMEHHOMU S HOM S
DJIeMEeHT, 3aJaBacMbIi
TABLE TAOMMIEH: BXOHOC HA- | p w1 ROWS
MPSHKCHHUE — BBIXOTHOE
Tabmusl HaNpsbKEHUe
COOTBETCTBUS OneMeHT, 3aaBaeMbIi
FTABLE rabmaneit: vactora ROWI...ROWS5
BXOJHOI'O CHTHAJIa —
ociabnenue B 1b — ¢asza
ABS ||
SQRT Jx
PWR Rl EXP
PWRS EXP EXP
MaremaTrudeckue LOG In(x)
Gymkunn - TG, log(x)
EXP e
SIN, COS, .
TAN sin(x), cos(x), tan(x)
ATAN, _1
ARCTAN | %" ()
DVHKLI OnemeHT 0e3 BXoma |
YHKI ABM OJJTHUM BEIXOJIOM mo | EXP1..EXP4
10JIH30BATEISA

HaIpsHKEHUIO




Oxkonuanue tadi. 2.7

Kamezopus 9J1eMeHT Onucanue IapameTpsbl
OneMeHT ¢ OJHUM BXOJIOM
ABM1 n oxauMm BeixomoMm 110 | EXP1..EXP4
HAIPSDKCHUTO
DnemMeHT C JBYMSI
ABM?2 BXOJaMH Hu omanM | EXP1..EXP4
BBIXOJIOM I10 HAIIPSHKCHHIO
DJeMeHT ¢ TpeMs BXOJaMu
ABM3 n omauM BeixomoMm 110 | EXP1..EXP4
OyHKINU HAPSKECHUAO
I10JI30BATEIIS ABMII OneMeHT 0€3 BXoJa MU EXP1._EXP4

OJTHUM TOKOBBIM BBIXOJIOM
DJIEMEHT C OJHHUM BXOJIOM

ABMI1/I EXP1..EXP4
Y TOKOBBIM BBIXOJIOM
DnemMeHT C IBYMSI

ABM2/1 BxomaMu U TOokoBeIM | EXP1.. EXP4
BBIXOJIOM

ABM3/I DIEeMEHT ¢ TpeMs BXOJaMu EXP1_EXP4

1 TOKOBBIM BBIXOJOM

B ta6:n. 2.7 ucnonb3oBaHbl cleaylone 0003HaYeHus] TapaMeTpOB:
VALUE - 3nauenue;

GAIN — kosunuent ycunenus (B pasax);

LO — HmKHUM ypOBEHB;

HI — BepxHui1 ypoBeHb;

FP — rpannyHas yacToTa NMOJIOCHI IPOITYCKaHNUS;

FS — rpannyHas yacTtoTa MOJIOCHI 33/1€pKUBAHUS;

RIPPLE — nepaBHomepHocTh AUYX B nosoce nponyckanus (B Ab);
STOP — 3aryxanue B moJioce 3ajaepkuBanus (B 1b);

FO, F1, F2, F3 —4acToThl cpe3a;

IC — mayanpHOE 3HAUCHHUC,

NOM — 9uCIuTENb;

DENOM - 3HaMeHaTelb;

ROW — ctpoka;

EXP — apudmerrueckoe BbIpakeHHE.

ApPryMeHThl TPUTOHOMETPUYECKUX PYHKIUN JOJKHBI ObITh YKa3aHbI B paJilaHaXx.

PSpice-akBUBasI€HTHBIE 3JEMEHTHI MOTYT OBITh KJIacCU(MUIIMPOBAHBI Kak
npubopel E u G TtunoB. Tak kak mepenarouyHbie (YHKIIMU JTAaHHBIX 3JIEMEHTOB MOTYT
COJIepKaTh MPOU3BOJBHYIO KOMOWHAIIMIO BXOJHBIX TOKOB U HANpPsDKEHUM, TO THII
HCIIOJB3YEMOI0 DJIEMEHTA OMNPEACISIETCS TOJBKO HEOOXOJAUMBIM BBIXOJHBIM CHUTHAJIOM
(TOKOM WJIM HATIPSIKEHUEM ).

Ha sa3pike mopenupoBaHue omnucanue PSpice-dKBUBaJIGHTHOrO »JJI€MEHTa HMeEeT
CIECIYIOIINMN BU:



E <name> <connecting nodes> <ABM keyword> <ABM function>,
r7ie name — UMs1 yCTPOMCTBA;
connecting nodes — y3Jibl HOJIKIIOUEHHUS;
ABM keyword — ompezgensier BUA HMCHOJIB3YEMON NepenaToyHoOW (PyHKIUHU, a
MMEHHO:
VALUE — apudmeTrndeckoe BbIpaxeHUe;
TABLE — Tabiauia cOOTBETCTBHS;
LAPLACE — ¢pyHKUMS KOMIUIEKCHOM MEPEMEHHOM §;
FREQ — Tabsiuiia cOOTBETCTBUS B YaCTOTHOM 00J1aCTH;
CHEBYSHEV — xapakrepuctuka Quibtpa YeObliiena;
ABM function — omnwmcanue mnepenarouyHodl (GyHkuuu B BUAE (POpMYIBl JTHOO
TaOJIMIIBI COOTBETCTBHSI.
[Ipumep: pacCMOTPUM YMHOKHUTEb, UMEIOLIUHN YETHIPE BXOAA U ABA BbIXoa. Ero
ONMCAHUE UMEET BUJ

EA@REFDES %OUT+ %OUT- VALUE {V(%IN1+,%IN1-)*¥V(%IN2+,%IN2-)}.

Tabnuua 2.8
PSpice-3kBuBaseHTHBIE JIEMEHTHI
Kamezopus DJIeMeHT Onucanue ITapameTpsbi
EVALUE, CD
GVALUE TR EXPR
Marematnueckue | ESUM, c
BBIPAXKCHUSI GSUM YMMATOp o
EMULT,
GMULT YMHOXKUTEND —
12}?1}2113311:% Tabnuma cOOTBETCTBUSA EXPR, TABLE
Tabmuua Tabnuna: BXOJIHAs
COOTBETCTRIA ]élgRREE% sactora — BhixomHoe | EXPR, TABLE
HanpspkeHue (Tok)
[Tepenatounas DNeMeHT, 3a/1aBacMbIii
byHKIIUSA OT ELAPLACE, nepeaaTouyHor (yHKIHUEH
KOMILJIEKCHOM GLAPLACE OT KOMIUIEKCHOM mepe- EXPR, XFORM
IIEPEMEHHOU § MEHHOMU S

B ta6u. 2.8 ucnonb3oBaHbl cleayone 0003HauYeHUs TapaMeTPOB:

EXPR — matemarnueckas ¢pyHKius ot 1ByX (B omyimure oT EXP) BXOIHBIX CUTHAJIOB;
TABLE — Tabnmna;
XFORM — QyHKIUS OT KOMIUIEKCHOW MEPEMEHHOI .

m [Tpumep: EXPR = 15ma*SIN(6.28*10kHz*TIME+V(%IN+,%IN-));
TABLE = (0, 0) (.02, 2.690E-03) (.04, 4.102E-03) (.06, 4.621E-03);
XFORM = 1/(1+.001%s).



3. IPOI'PAMMA PSPICE

3.1. ANIropuT™M noAroTOBKH CXeMbl K MOAEJIMPOBAHUIO

s 3amycka nporpammbel PSpice 0e3 3amycka mporpammbl Capture HEOOXOIUMO
BbIOpaTh cienyromme MyHKThl MeHto «Ilyck»: Ilyck — Ilporpammer — Orcad Family
Release 9.2 Lite Edition — PSpice AD Lite Edition.

B mosBuBImIEMCST Ha OJKpaHe OKHE MPOrpaMMbl HEOOXOIHWMO CO3/1aTh HOBBIH
TEKCTOBbIN (aitn, ucnonb3ys komanabl meHio «File» (File — New — Text File). B
MOSIBUBIIIEMCSI OKHE HOBOTO JJOKYMEHTa HEOOXOAMMO HabpaTh TEKCT MPOTpPaMMbl Ha SI3BIKE
MOJICJIUPOBAHUSI.

[Tocne BBOJgAa cXeMbl HEOOXOIMMO COXpaHHUTHh (ailm Ha AUCK (B KOMIIBIOTEPHOM
kinacce kadgenpel TOD B manky D:\Work) B Bume <ums ¢aitna>.cir. Ilocne storo
HEOOXOAMMO 3aKpBITh CO3JJaHHBIN TEKCTOBBIN (ailll M OTKPHITH (ailll B hopMaTe ONMucaHus
cxemsl (*.cir).

[Tocne BBIMONHEHHS YKa3aHHBIX JEHCTBUU HA TAHETW WHCTPYMEHTOB MOSBIISETCS
CUHSISL CTpeJIKa, IETYOK Ha KOTOPOH 3aIyCKaeT MpOoIecc MOAECTUPOBAHMUS.

3.2. BxoaHol A3BIK

B nporpamme SPICE undopmanus o cxeMe M HEOOXOAMMBIX BHMJaX W MapameTpax
aHanM3a 3a/1aeTcsid BO BXOJHOM TEKCTOBOM (aitie, KoTopblii (popMupyercs B COOTBETCTBUU
CO BXOJIHBIM SI3BIKOM.

dopmaT BXOAHOTO sA3bIKa CBOOOAHBIA, T.€. HET JKECTKUX TpeOoBaHUM K
HOCJIEA0BATENBHOCTH 3allUCH BXOAHON MHpopMmanuu. B kadecTBe pasnenuteneil 11 moyen
3anuced UCNoNb3yrTCs npo0en(bl), 3amaTas, 3HaK paBEHCTBA WJIM JIEBas U IpaBasi CKOOKU.
[TpobGenpl B 3amucH, HE UCIIOJIB3YyEMbIE B KaueCTBE paslenuTesei, urHopupyorces. Jlrobas
3allCh MOXKET OBITh NEPEHECEHA Ha CIEAYIOUIYI0 CTPOKY, IUIsl 4Eero B Haudaje CTPOKHU
HEO0OXOIUMO MOMECTUTh 3HAK Itoc. [lone MMeHu B 3aUCH JAOJKHO HAUMHATHCS C OYKBBI
JaTUHCKOrO andasuta (A—Z) U HE MOXKET COAEpPKaTh NIEPEUNCIICHHBIE BBIIIE Pa3AeIUTENH.
NudopmarimoHHble  MOJsL MOTYT OBITh UEJIOYUCICHHBIMHU, C IUJIABAIOIIEH TOYKOM,
UCIOJb30BaTh  OKCIIOHEHIMAIBHYI0  (GOpMYy MM  CONPOBOXKIATHCA  CIEAYIOLIUMU
MacmTaOHBIMU KO3 PuImeHTamu:

T=1E12; G=1E9; MEG=1E®6; K=1E3;

M=1E-3; U=1E-6; N=1E-9; P=1E-12; F=1E-15.
CuMBOJIBI, CHEAyIOIIHE Ccpa3y 3a YUCIOM H HE SBISIOMIMECS MaclITaOHbIMU
koa¢ uitenramu, urnopupytorcsa. Hampumep:

1000=1000.0=1000HZ=1E3=1.0E3=1KHZ=1K=0.00lMEGHZ.

CymiecTByeT Ba THIA 3alUCEN:

1) 3anucu onucaHus 3JIEMEHTOB CXEMBbI;

2) ynpaBISIONIUe 3aMuCcy, WIH TUPEKTUBBI YIIPABICHUS.

IlepBblii THUN 3amuceil OMpPENENAET TOMOJOTHID CXEMBI, €€ COCTaB M 3HAYCHUS
arieMeHTOB. BTopo#l Tum 3amucell ympaBisieT paOOTON MporpamMMbl M 3aJaeT MapameTpbl
MOJENEN IEMEHTOB.



[lepBas 3anmuck Bo BXogHOM (paiiie Bcernma siBiseTcs 3arojioBkoM. IlocienaHsis poikHa

owITh Beeraa nupektuBoi [.END]. [Topsigok ocTanbHBIX 3aNIMCe MPOU3BOJIHHBIM.
OtcyTcTBHE 3arojoBKa MPUBOAUT K TOMY, YTO IIE€pBasi CTPOKA ONUCAHUS CXEMBI
HCKJIFOYAETCS U3 PACCMOTPEHUS, YTO MPUBOJIUT K OIIHOKE.

Kaxnpiii 351eMEHT CXEMbl ONMMCHIBAETCS 3alMChIO, KOTOpas COACPKUT MM HJIEMEHTA,
y37bl TOJKIIOUCHHUS JJIEMEHTAa W TapaMeTpbl, OMNPEACISAIONIME €Tr0 DIIEKTPUUECKUE
xapaktepuctuku. [lepBast OykBa B UMEHHU AJIEMEHTA 3a7]a€T €ro THII.

Homepamu y3110B cXeMbl JOJKHBI OBITh IPOU3BOJIBHBIE 1€IbI€ HEOTPUIIATEIIHHBIC YHCIIA.
V3en, COOTBETCTBYIOUIMH «3€Mile», HMMEET HOMEp HOJIb M JIOJKEH 00s3aTeIbHO
MIPUCYTCTBOBATH B ONMKMCAHUH CXEMBI.

Toku B BETBSIX CXEMbl BCErJa HAINpaBJICHBI MO YMEHBIICHUIO HampsokeHus. CxemMa He
MOXET COJepKaTh KOHTYPOB M3 HMCTOUYHHMKOB HANpsiKeHUs W (WIW) HHIYKTUBHOCTEH M
CEYEHUN U3 MCTOUYHUKOB TOKa U (miau) emkocteil. K kaxxmomMy y3i1y B cXeMe JOKHBI ObITh
MOJKJIIOUEHBI 10 KpailHeH Mepe JIBe BETBU (32 MCKIIOUCHHEM KOHEUHBIX Y3JIOB JIUHUU C
pacrpe/ieJIeHHbBIMU MapaMeTpaMu U y370B nojjoxku MOII-tpan3uctopoB). JIro6oit y3en
JIOJKEH UMETh MYTh MO MOCTOSTHHOMY TOKY K «3EMJIE».

BxomHoil sA3bIK TO3BOJISIET BCTABJISITH 3alUCH € KOMMEHTApUSIMHU B JI000€ MECTO
BXoJHOrO (haitna. CTpoka ¢ KOMMEHTAapueM JIOJDKHA HayMHAThCA ¢ cuMBodia «*». Ilpwu
n00aBICHUN KOMMEHTAPHS B KOHEI[ CTPOKHU HCIIOIB3YETCS CUMBOJ ;.

Hanuiem mporpamMmmy aiis pacdyeTa aMIUIATY/THO-9aCTOTHOU XapakTepucTuku (AUX)
CXEMBbI, MpeacTaBiIeHHON Ha puc. 3.1, ¢ mapamerpamu R=50 Owm,
L=0,25 I'n, C=2 Mx®:
@ R @ 1 O PRIMER
R1250
L1 L230.25

e U C302U
_— =TI ¢}
VIN10AC1
@ ® ) AC LIN 100 30 300
© PLOT AC V(3)
Puc. 3.1. Cxema npumepa PROBE
.END

OTMeTHUM, 9TO B-CXeMe 00s513aTEJIbHO JOJKEH MPUCYTCTBOBATh UCTOYHHUK, THUIT KOTOPOTO
omnpezenseTcs TpeOyeMbIM BHIOM aHATIN3a CXEMBbI.
JupektuBa .PROBE ciuyxuT g 3amycka MOCTIPOLIECCOpPA, IMO3BOJSIONIETO
MPEACTABUTH PE3YJIbTAThl MOJICTIUPOBAHUS B TpaUUECKOM BUJIE.
[ToapoGHOE omMcaHue PJIEMEHTOB CXEMbl U IMPEKTUB YIIPABICHUS MPUBEICHO HUXKE.

3.3. Onucanue 3JIeMEHTOB JIEKTPOHHBIX CXeM

JInst 3agaHusl CTPYKTYpPbI 3JEKTPOHHOM CXEMbl MPUMEHSIOTCS 3alUCU C ONMUCAHUSMU
AJIEMEHTOB, KOTOpBIE cojepxkaT uHbopMmanuio 00 y3Jax MOAKIIOUCHHUS M 3HAYCHHUSIX
napameTpoB Mojelield. PaccMoTpuM cocTaBlieHHe JaHHBIX 3anucei 0oliee moapooHO.



3.3.1. Pe3ucropst:

Rums N1 N2 <Mms mogenu> [Homunan],
rie R —ugentudukarop pesucropa;

UMs — IO3UIIMOHHOE 0003HAUEHUE JIEMEHTA B CXEME;

N1, N2 — y37bl NOAKIIOYEHUsT pe3ucTopa (MOJIOKUTENBHOE HAINpaBlI€HUE TOKa Yepe3
pesuctop oT N1 y3na k y3ny N2);

Homunan — Benu4uHA COMPOTUBICHHS pe3UCTOpa (MOXKET OBITh MOJIOKUTEIBHOM,
OTpHULIATEJILHOW, HO HE HYyJeBOi). B ciydyae HEOOXOIMMOCTH B HYJIEBOM CONPOTHBICHUU
HEOOXOJUMO BBECTH 3HAYC€HHE, MHOTO MEHbIIIEEe JAPYTrUX COMPOTHBICHUNH B CXEMeE
(manpumep 1E-6).

NMst Momenu — wuMsT MOJENIH, OINKCHIBAIONMIEH 3aBUCUMOCTH (COTPOTHUBJICHUS OT
TeMIepaTyphl.

[TapaMeTpbl MoAeH pe3ucTOpa MpUBEACHBI B Ta0. 3.1.

Ilpumeuanue. B nanpHelmeM Mexay cuMmBoidaMu “<’ - u  “>” OymeM pa3Meliarh
p
He00s3aTeIbHBIC TapaMETPHI.

Tabmuma 3.1
[TapameTpsl MOJIEIM pe3ucTOpa

3HaueHue No
ITapamerp Koy punuuenrsi En.m3m. VMOTUARHIO
R MacimtabHbIit — 1
TCI JIMHENHBIN TeMIIEpaTypHBIH 1/°C 0
TC2 KBa)IpaTI/IqHBII/\I, 1°C2 0
TEMIIEPATYPHBIN
TCE 3KCHOHGHL{I/IEU'IBH3;II/I 1°C 0
TEMIIePATyPHBIN
T ABS AGcoIoTHas TEMIIEpaTypa °C 27
T _MEASURED Temmeparypa usmepenuit °C 27
T REL_GLOBAL OTHOCHTENIbHAS TEMIIEpATYpa °C 0
T REL LOCL PazHocts Mmexay Temmieparypoit °C 0
- = pEe3uCTOpa U MOJICIIU-TIPOTOTHIIA

Onucanue MoJIeNii pe3ucTopa B 00IIEM ClTydae UMEET CIeAYIOMNUNA BUI:
.MODEL [1msa monenu] RES <R=3H1> <TC1=3H2> <TC2=3H3>,

rae Ums mojgenu — MM MOJIEIM PE3UCTOPa;
3H1, 3H2, 3H3 — 3HaueHus mapaMeTpoB.

[lapameTrpam, He yKa3aHHBIM B ONHUCAHWM MOJICNH, NPUCBAUBAIOTCS 3HAUYCHUS IO
ymonyanuio. Ecnu Monxens He 3ajaHa, TO 3HAUYEHHE CONPOTUBIICHUS pPE3UCTOpa
MIPUHUMAETCS paBHBIM HoMuHany. Ecnu B Mojenu He ykazan napametp TCE, To Benuunna
CONPOTHUBIICHUS PE3UCTOpA T orpeenseTcs no Gpopmyne

r = Homunan * R [1+(T-To)«TC1+(T-T,)* x TC2].

B cnyudae, ecnu mapamerp TCE 3amaH, TO BeIMYMHA CONPOTHBIICHUS pE3UCTOpa T
OIIpeENsIeTCs KaKk



r = Hommman = R % 1.017F (10)

R1 150 2K

*Pesuctop R1, BkimtoueHHbIl Mexay y3namu 15 u 0 Homunanom 2KOm
RG 12 mod my 2E2.

*Pesuctop RG, BriItOueHHBIN Mexay y3namu 1 u 2, umeromuit HomuHan *2000m u
OMKCHIBAEMbIN MOJIeNbI0 mod_my.

3.3.2. KonaeHncaropsbi:

Cums Nj Ny <Ums moaenn> [Homunan] <IC>,

rae  C — uaeHTuduKaTop KOHIEHCATOPA;

uMs — 0003HaYEHUE HIIEMEHTA Ha CXEME;

N1,N; — y3.1bI TOJIKIIIOUEHUS KOHIEHCATOPA;

Homunan— BenuyrHa eMKOCTH KOHAeHcaTopa (MOKET ObITh MONOKUTEIHHOM,
OTPHULIATEILHOM, HO HE HYJIEBON);

IC — navanpHOE 3HAUYECHME HANPSXKEHUS HA KOHJIEHCATOPE.

[TapameTpbl MOIENM KOHAEHCATOpa IPUBEAEHBI B Ta0. 3.2

Tabnuua 3.2
ITapameTpsl MoieM KOHACHCATOPA

3HaueHnue no

ITapamerp Koy punuenrsi En.m3m. VMOAHHIO
C MaciutaGHbIi — 1

[Ipu nuHenHOM YacTu
VClI % /v 0
VC2 [Ipu kBagpaTnunoii gactu VC 1/V? 0
TCI JIMHENHBIN TeMITEPATYPHBII 1/°C 0
TC2 KBaapaTtiHuHbIi TeMIIEpaTypHbIIA 1/°C? 0
T ABS AOCoITIOTHAs TeMIIEpaTypa °C 27
T _MEASURED Temmeparypa usmepenuit °C 27
T REL_GLOBAL OTHOCHUTEIBHAS TEMIIEpATYpa °C 0
T REL LOCL PasnocTs Mexny TemmnepaTtypoit oC 0
- = KOHJICHCATOPa U MOJEIH-IPOTOTUTIA

Onucaunue MOACIN KOHACHCATOpPA B O6I_HCM clIydac UMECT CJICI[YIOHII/Iﬁ BU/.
MODEL [Mms] CAP <IT1=3H1> <[12=3H2>

rne MM — ums Mojaenu;
I11,I12,... — HaMMEHOBaHUS MAPAMETPOB;
3HI1,3H2,...— 3HaueHUs1 MapameTpoB.

ITapameTpaM, He yKa3aHHBIM B OIMCAaHUM MOJEIHU, IPUCBAUBAIOTCA 3HAYCHUS II0
ymoisdanuio. Eciau Mozens He 3ajjaHa, TO BEIMYMHA €MKOCTH KOHJIEHCATOpa IMPUHUMACTCS
PaBHOU HOMUHAIY.

Ecimn monens 3a/laHa, TO 3HAYCHHUC CMKOCTH OIIPCACIIACTCA 110 q)opMyHe



C = ( Homunan+C)#(I+VCxVC1+VC*«VC2)x[I+(T-TO)*TC1+(T-TO)* +TC2].

m 3ajaHue HA4YaJIbHOTO HANPSDKEHUS HA KOHAEHCATOPE IO3BOJISIET YMEHBIIUTH
BpeMs pacuera IepexXoaHOro Imporecca.
CLOAD 15 0 20PF
C212.2E-12 IC=15V
CFDB 3 4 CMOD 10PF

3.3.3. UHAYKTUBHOCTH:
Lumsa NI N2 <Ums monenm> [Homunan] <IC>,

rne L — uaeHTHUKaTOp MHAYKTUBHOCTH,

UMs — 0003HaYCHUE SJIEMEHTA Ha CXEME;

NI, N2 — y37bI MOAKIIIOUEHUSI UHAYKTUBHOCTH,

HomuHan — BenmmunHa HHIYKTUBHOCTH (MOKET OBITh MOJIO0XKHUTEIBHOM, OTPULIATEIBHOM,
HO HE HYJIEBOM);

IC — HayanpHBINA TOK Yepe3 UHAYKTUBHOCTb.

[TapameTpbl MO/I€NIM MHAYKTUBHOCTH NIpUBEACHBL B Ta01. 3.3.

Tabnuua 3.3
[TapameTprl MOJIENIN KaTyIIKU WHIYKTHUBHOCTHU
ITapamerp Koy punuenrsi En.m3m. nog)ri;aaoljftl::}fum
L MaciutaGHbli — 1
IL1 JluneitHblit O TOKY 1/A 0
L2 KBanpaTtuuHslil o TOKY 1/A? 0
TC1 JInHelHBIN TeMITepaTypHBII 1/C 0
TC2 KBagparuuHbiii TeMIiepaTypHBbIi 1/C? 0

Omnucanmne MOACIM UHAYKTHUBHOCTHU B O6I_HCM ciIydac uMeCT CJICI[YIOI.HHIZ BUI:

.MODEL [HUwms] IND <IT1=3H1> <I12=3H2> ....... ,
rae  Wmsa — ums Mojenu;
I11, I12... — HamMeHOBaHUs MMAPAMETPOB;
3H1,3H2 ... — 3HadyeHUs napaMeTpoB.

[Tapamerpam, 3HaUEHUST KOTOPBHIX HE YyKa3aHbl B OINHUCAHUU MOJEIIH, MPUCBAUBAIOTCS
3HauY€HUs 10 ymohyaHuio. Eciu Monens He 3aJaHa, TO 3HAYE€HHWE HWHAYKTUBHOCTH
MIPUHUMAETCS PaBHBIM HOMHUHaNY. Eciiu Mozienb 3ajaHa siBHO, TO 3HaY€HUE UHIYKTUBHOCTH
omnpezensercs no Gopmyne

L=(HomunanL)(1+IIL1+I*IL2)[1+(T-T0) *TC2].

3aIIaHI/Ie Ha4vaJIbHOI'O TOKA 4C€pPE3 MHAYKTUBHOCTD ITO3BOJIACT YMCHBIINTL BPCMs paCcdCTa

IIEPEXO0IHOr0 Mpolecca.
mLLOAD 15 0 20MH

Ll 2 3 LMOD 0.3
Lbm2 4 7 Lmod Im IC=0.1



3.3.4. B3aumHbIe HHIYKTUBHOCTH (TpaHcdoOpMaTOphbI):

Kums Lxxx Lyyy Kcs,
rie K —unenrudukarop B3auMHON MHAYKTUBHOCTH (TpaHChopMaTopa);
uMs — 0003HaYEHHE JIEMEHTA HA CXEME;
XXX, YYY — IME€Ha UHIYKTUBHOCTEH Ha cxeMe, MeXAy KOTOPbIMU MMEETCS B3aUMHas
CBSI3b;
KcB —koappunuent casizu (-1<Kes<1).

KoaddunmeHT cBs3u MOKHO ONpEeTuTh, 3Hask MHIYKTUBHOCTH KaTYIIEK U UX
B3aUMHYIO UHAYKTUBHOCTB, MO popMyie:

Ken = M
EENTR TN
ITpumep:
KTR L1 L2 0.1
L1 231
L2 5605

Ilpumeuanue. Hawyano oOMOTKM TIOMeIIaeTCsl B  IEPBBIM Y3l MHIYKTUBHOCTH.
[lonsgpHOCTh  ompenensieTcss TOJbKO  IOCJIENIOBATEIbHOCTHIO  y3JI0OB B OMNHCAaHUU
MHIYKTUBHOCTEHN M HE 3aBUCHUT OT MOPsJIKa ONMMCAHUs MHAYKTUBHOCTEH B 3anucu «K». Eciu
TpaHchOpPMATOP COCTOUT M3 HECKOJIIBKUX OOMOTOK, TO B 3amucsax «K» HYXKHO MepeyucianThb
BCE B3aUMOCBSI3aHHbBIE MAPHI.

Hanpumep, Tpanchopmatop co cpeaAHUM OTBOJOM OT NEPBUYHOM OOMOTKH U C IBYyMS
BTOPUYHBIMU OOMOTKAaMH OMUCHIBAETCS TaK:

*[lepBuunass oOMoTka *B3aumHas -~ CBS3b

L1 1 2 100UH K12 L1 L2 .9999

L2 2 3 100UH K13 L1 L3 .9999

*Bropuunas obmotka K14 L1 L[4 .9999
L3 11 12 100UH K23 L2 L3 .9999
L4 13 14 " 100UH K24 L2 L[4 .9999
K34 L3 L4 .9999

3.3.5. MarHuTHBI cepieYHUK TPaHcpopMmaTopa:

Kums Lxxx Lyyy Ke <ums mogenn> <macmtabublii KoddpuireHT>,
rae  Kums — uaeHTudukarop cepaeuHmKa;
UMs — 0003HaYEHHE JIEMEHTA HA CXEME;
XXX, YYY — IM€Ha UHAYKTUBHOCTEH, PACIIOJI0KEHHBIX HA CEPICUHHKE;
KcB —koappunueHT cBsizu.

Bce 0oOMOTKHM HMMEIOT OJUMHAKOBBIM Kod(QduuueHT cBsa3u. [lpu onucanum Kaxmaou
0OMOTKH, YIIOMSIHYTOM B COCTaBe CepACUYHHKA, HEOOXOIUMO yKa3blBaTh HE HHIYKTHUBHOCTbD,
a 4ucJIo BUTKOB OOMOTKHU cepaeunuka. [lapamerp <macmraOHbIi KO3()PUIIUEHT> U3MEHSIET
IJIOWAAb TIONEPEYHOro CEYEHHs MAarHUTONpoBOAa (IO YMOJYaHUIO PaBEeH E€IWHULIE),
KOTOpasi paBHa IMPOU3BEACHUIO 3TOro Kod(p(duuMeHTa Ha mapaMeTp MOJEIH CepAeUHHKa
AREA. ITapametrpsl mogenu nist LEVEL = 2 npuBeznens! B 1a0:1. 3.4.



CymectBytoT aBa ypoBHs 3toi moaenu: LEVEL = 1 u LEVEL = 2, u3 KoTOpbIX MO/JI€JIb
LEVEL = 1 oxkazanace HeymayHOW U B mocleqHux Bepcusx PSpice Oblna uckirodyeHa. B
nporpamme PSpice wucnonb3yercs wMogenb Jlxuinca U ATepHa, OCHOBaHHas Ha
MIPEACTABICHUNA JBWKECHHS JIOMEHHBIX TPAaHULl MarHWTHBIX MaTepuaysoB. OHa OTpakaeT
CIEAYIOIHE  OCHOBHBICE  XapaKTEPUCTUKH  THUCTEpPE3Hca:  KPUBYKO  HA4aJbHOWU
HAaMarHMYE€HHOCTH, HAMAarHWYEHHOCTh HACBIIIEHUS, KO3PUUTHBHYIO CHIY M OCTATOYHYIO
HaMarHM4E€HHOCTb.

ITapamerper AREA, PATH, GAP, PACK onpeaenstorcss reoMeTpuYeCcKUMU
rapaMeTpaMy CEpACYHUKA, OCTaJIbHbIC — CBOMCTBAMU MAarHUTHOT'O CEPACYHHUKA.

Tabmumna 3.4
[TapameTpsl MOJIENH CepIeYHUKA

3HaueHHe Mo
ITapamerp Onucanue En.m3m.
YMOJYAHHIO
LEVEL WNunekc monenu — 2
ITapamerp hopmel Oe3rucTEpPE3INCHOMI
A pamerp gop p AM 1000
KPUBOW HAMarHWYCHHOCTH
ITmomans nonepeyHoro ceueHust
AREA man P o’ 0.1
MarHUTOIIPOBOIA
C [TocTosiHHasA ynpyroro cMenieHus 3 0.2
JTOMEHHBIX I'PaHUIL )
GAP [[InprHa BO3AYIIHOTO 3a30pa cM 0
K ITocTossHHAS TOABMKHOCTH JTOMEHOB A/M 500
MS HamMmaranueHHOCTEL HACBIITEHUS A/m 10°
KorddunuenT 3anoanenns
PACK (bun - 1
CepJIeUHHKA
Cpenassa qnrHa MarHUTHON
PATH e e oM 1
CHJIOBOU JTMHUU

Onucanue MOIeNN Cep/IeUHrKa B OOIEM Cllyyae UMEeT CIEAYIOIUNA BU:
.MODEL [Uwms] CORE <IT1=3H1> <I12=3H2> ....... ,
rae  Wmsa — ums Mojenu;
I11, I12... — HauMEeHOBaHUs MMAPAMETPOB;
3H1, 3H2 ... — 3HadyeHus napaMeTpoB.

3.3.6. J/lunuu nepenaun:

Tumsa X1+ X2- X3+ X4- ZO <TD> <F> <NL>,

rae T — unenTudukaTop JIMHUU NIepeaayy;

uMs — 0003HAYEHHE DJIEMEHTA HA CXEME;

X1, X2 — y31b6I NOAKIIOYEHHUS HA MIEPBOI Nape;

X3, X4 — y31bl NOAKIIOYEHUS] HA BTOPOM Mape;

70 — XapaKTepUCTHUYECKOE CONPOTUBIIEHUE;

TD — BpeMs 3a1epKKU B CEKYHAX;

F —gacrora B repuax;



NL — nimmaa Boaab!l Ha yactote F.

Ilpumeuanue. (+) u (-) BBIBOJIa TIO3BOJISIIOT OINPEETUTh HallpaBiieHne Toka (ot (+) K (-)).
ITo ymomuanuro NL =0,25.
TDELAY 15 0 16 0 ZO=5000HM TD=0.2NS
T33 4.2 3 5 Z0=220 F=2.25MEGHZ

3.3.7. AneasbHble ynpaBisieMble KIOYH:

Sums NI N2 N3+ N4- [Mms moxaenu],
rjae S — uaeHTU(HUKATOP KITH0Ya;
UM — 0003HaYEHUE HIIEMEHTA Ha CXEME;
N1, N2 — y371bI NOOKIIFOYEHUSI KOHTAKTOB KJIKOYa;
N3, N4 — nonoxutensHbiil N3 1 orpunatenbHblii N4 y3I1bl HOAKIIOYEHUS
YIPABIISAIOIIETO HCTOYHUKA HAMPSKEHUS (TOKA).
[TapameTpbl MOzIE€NN KITtOYa TPUBEAEHBI B Ta0M. 3.5.

Tabnuua 3.5
[TapameTpsl MOIENH YITPABIISIEMOTO KITFOUa
IMapamer 3HayeHue mapameTpa Ennzm 3uauenue
p P P P " 0 YMOJTYAHUIO
VON Hanpsikenne oTkpbeIBaHusA B —
VOFF Hanpspokenue 3akpbiBaHus B —
ION Tox OTKpbIBaHUS A —
IOFF Tok 3akpbIBaHUs A —
RON ConpoTHuBIEHUE OTKPHITOTO KITI0Ya Om 1
ROFF ConpoTuBIEHHUE 3aKPBITOrO KIIF0Ya Om 10°

Omnucanmne MOACIIN NACAJIBHOT'O KJIFOYa NMECCT CHCI[YIOHII/Iﬁ BUI:

.MODEL [Wwms] [TUII] <I11=3H1> <II2=3H2> ....
rae Mms — ums Moaenu;
THUII — opuH U3 caeayroIuMX TUIIOB:
VSWITCH — Mozaens kinro4a, ynpaBiasieMOro HalpsidKEHUEM,
ISWITCH — Moznens kiro4a, ynpapisieMOro TOKOM;
I11, I12...- HauMeHOBaHUs NapaMETPOB;
3H1, 3H2...— 3HaueHus napameTpoB.
[TapameTpam, 3HaUY€HHUS KOTOPHIX HE yKa3aHbl B OINUCAHUU MOJEINH, MPUCBAUBAIOTCS
3HA4YEHUS 110 YMOJIYAHHUIO.
[Ipu HampsokeHUsX (TOKax), HAXOASIIUXCS B AUANa30HE MEXKY OPOTOM OTKpbIBaHUS U
IIOPOrOM 3aKpBIBaHHUs, CONPOTHUBICHHE Kiroda u3MmeHsiercs B mpenenax ROFF m RON.
ComnpoTtuBneHne yreuku no Bxoay ynpasieHus 1E12 Om.

Sbw2 15 2 3 O TTT
.MODEL TTT VSWITCH Von=2 Voff=l

>



3.3.8. IlosynpoBoAHUKOBBIE JHO/bI:

D umsa N+ N- [MUms monenu]

rie D — wunentudukarop amona;
nMs — 0003HaUYCHHE DJIEMEHTA Ha CXEME;
N+ — y3en NoaKII0YeHUS MOJI0KUTEIIHBHOTO BEIBOA AM01a (aHOa);
N- — y3ea noAKIIYeHUs OTPUIIATEIILHOTO BBIBOA AM01a (KaTo1a);
NMs Mmoaenu — uMs MOACIM TUOMA;
area — OTHOCHUTEJIbHOE 3HAUYCHHE TUIOMaau pudopa (1o ymonuanuio 1,0).
[TapaMeTpbl MoAeNM 11O/ IPUBEACHBI B Ta0I. 3.6.

<area> ,

Tabnuna 3.6
[TapameTpsl Motenu aAuoaa
IMapametp Onucanue En. uzm. S A e
110 YMOJTYAHUIO
AF [Toka3zarens crenenu B popmyne B 1
GbauKKep-1yma
BV OOpatHoe HanpspKeHue mpo0ost B o
(mOJI0KUTENIbHAsL BETMYHUHA)
CJO baprepnast eMKkocTh o 0
IIPU HYJIEBOM CMEIICHUN
EG [[InprHa 3anpenieHHON 30HbI B 1.11
HauanpHeril TOk mpo6os,
IBV COOTBETCTBYIOUIUN -10
A 10
HanpsbkeHno BV
(moJ0KuTENIbHAsK BEAUYHUHA)
IBVL HavanpHplil TOK Ipo60st A 0
HU3KOIO YPOBHS
IKF [IpenesbHbIN TOK IIPU BEICOKOM A o
YPOBHE MHKEKIHU
IS Toxk naceienus npu T = 27°C A 10
ISR Tox pekomounayuu A 0
NR Koaddumment smuccun mist toka ISR — 2
RS O0beMHOE COTPOTUBIICHUE OMm 0
OxoHyaHue tadi. 3.6.
ITapametp Onucanue En.m3m. 3uauenne no
YMOJTYAHHIO
TRS1 JInHelHBIN TeMIiepaTypHbIi 1/C 0
ko3¢ dunmeHt RS
TRS? KBanpaTudnslii TeMrnepaTypHbIi 1°C2 0
ko3¢ ¢unueHt RS
TT Bpewms nepenoca 3apsina c 0
\Al KoHTakTHas pa3HOCTh NOTEHIIMAIOB B 1
XTI TemnepatypHblii KO3G(ULIUEHT TOKA — 3




HACBHILIECHUS
T ABS AOGcCoIoTHas TeMIIEpaTypa °C 27

T _MEASURED Temmneparypa uamepeHuit °C 27
T REL_GLOBAL OTHOCHUTENIBHAS TEMIIEpATYpa °C 0
T R ;

Ornrcanue MOACNH IUO/Ia BBITJISIAUT CICAYIOIMKUM 00pa3oMm:
.MODEL [Wwms] [Tun] <I11=3H1> <I12=3H2> ...,

rae  Wms — ums mopaenu;
Tun — D 1 nJI0CKOCTHOrO JUOJA;
I11, I12...— HanMeHOBaHUA MapaMETPOB;
3H1, 3H2...— 3HadeHus mapameTpoB.
D114 0 DMOD
.MODEL DMOD D

3.3.9. bunoJspHbie TPAH3UCTOPDI:

Qums NC NB NE [Mms monenu] <area>,

rae Q — upeHTuduKaTop OUMOISIPHOrO TPAHZUCTOPA;

UM — 0003HAYCHUE DJIICMECHTA HA CXEME;

NC, NB, NE — y31bl mOAKITIOUEHUS] COOTBETCTBEHHO; KOJUICKTOpPA, 0a3bl, IMHUTTEpa
OUTIOJIIPHOTO TPAH3UCTOPA;

Nms Mosienu — UMsi MOJIENIH TPAH3UCTOPA;

area — OTHOCHTEJIbHOE 3HAUYCHHE TUIOMaau pudopa (1o ymonauyanuio 1,0).

Ipumeuanue. 1Tpu aHanm3e MO MOCTOSTHHOMY TOKY MCIIOJNb3yeTcs: Mozienb [ 'ymens—IIynHa, a B
ClTy4ae OTCYTCTBUS psijia MapaMeTPOB ATOM MOJIEIH UCTIONB3YeTCs Mojieh Doepca—Morta.

Onwcanue MoIeNy OUITOJISIPHOTO TPAH3UCTOPA BBINISIANT CIIEYIOIIUM 00pa3oM:

MODEL [Mwms] [Tun] <IT1=3HI> <I12=3H2> ...,
rie MM — ums mopenu;

Tun — OMH U3 CIEIYIOIIMX TUIIOB:

NPN — MoJiens TpaH3ucTopa ¢ pOBOAUMOCTBIO N-THUIIA,

PNP — mMozers TpaH3ucTopa ¢ MpOBOAUMOCTBIO P-THUIIA;
I11, [12.. — HauMeHOBaHWS IAPAMETPOB;
3HI, 3H2...— 3HaueHus napameTpoB.
[Tapamerpam MojenH OUMONISIPHOrO TPaH3UCTOpa MPUBEACHBI B TadMIIE 3.7.



Tabmuma 3.7

[TapameTpsl MOIeIM OUITOTSIPHOTO TPAH3UCTOPA

3Hauenune
ITapamerp Onucanue En. usm.
10 YMOJIYAHUIO
AF [Tokazarens creneHn B 1
B (hopmyie pamkkep-mryma
BF Koadpuuuent nepenaun Toxa B 100
B HOpMaJIbHOM pexxuMe B cxeme ¢ 0D
BR Koaddumuent nepegaun Toka B 1
B MHBEPCHOM pekHUMe B cxeMe ¢ 0D
ClC EMKOCTh KOJIJIEKTOPHOTO TIEpexoaa o 0
IIPU HYJIEBOM CMEIICHUH
CIE EMKocTh aMuTTEpHOTO NIEpexoaa D 0
IIPU HYJIEBOM CMEIICHUU
CIS EMKOCTB KOJIJIEKTOP-TO0/UI0KKA PU ® 0
HYJIEBOM CMEILEHUU
EG [IInpuHa 3anpereHHoN 30HbI 3B I.11
Koaddumnument nenuneitnocTn
FC OapbepHBIX EMKOCTEN y 0,5
MIPSIMOCMEIIEHHBIX IEPEX0I0B
IKE Toxk Hauana cniana 3aBucumocty BF
OT TOKa KOJUIEKTOpa A o0
B HOPMaJIbHOM PEKHUME
IKR Tok Hauana cnana 3aBucnmoctu BF ot A o
TOKa YMUTTEpPA B MHBEPCHOM PEXUME
Tox 6a3bl, IpyU KOTOPOM COMPOTH-
IRB BIIeHHE 0a3bl yMeHbIaercs Ha 50 % A 00
1osHoro nepenajga mexay RB u RBM
IS Tok Haceimenus npu T =27 °C A 107"
Tok HachIIIEHUs YTEUKHU IIepexo/ia
ISC A 0
6a3a-KoJUIEKTOP
Tok HachlIeHNs YyTEUKU Iepexo/ia
ISE A 0
0a3a-aMUTTEP
ISS OOpaTHBIN TOK IEpexo/1a MOI0KKN A 0
Koaddumument, onpenenstonuii
KF CHEKTPAJIBHYIO INIOTHOCTh (IIMKKEp- — 0
nryma
PTF )IonoanTenuLHmﬁ (az0BbIil caBUT HA rpan 0
I'PaHUYHON YacTOTE TPAH3UCTOpa
RB O6beMHOE conpoTuBiieHHe 0a3bl Npu Om 0
HYJIEBOM CMEILEHUU 06a3a-d3MUTTEP




Oxonyanue Ta0m1. 3.7.

Iapamerp Onucanue En.m3m. 3uavenne
10 YMOJTYAHUIO
REBM MuHUMaJIBHOE COTTPOTUBIICHHUE 0a3bl Om RB
1py OOJIBIIMX TOKaX
RC O0beMHOE COTTPOTUBIICHUE KOJUIEKTOpa OMm 0
RE OO6beMHOE CONPOTUBIIEHUE SMUTTEPA Om 0
TF Bpewms nepenoca 3apsina yepes 6a3y c 0
B HOPMaJIbHOM PEKHUME
TR Bpewms nepenoca 3apsina yepes 6a3y c 0
B UHBEPCHOM PEXHUME
JInHeWHBIN TeMIiepaTypHbIi o
TRBI ko3¢ punuent RB 1°C R
KBagparnuHb1il TeMIiepaTypHbIi )
TRB2 ko3¢ unuent RB 1/°C 0
JInHeWHBIN TeMIiepaTypHbIi 4
TRCI ko3¢ dunment RC R 0
KBagparnuHb1ii TeMIiepaTypHbIi 03
TRC2 ko3¢ dunment RC a 0
JInHeWHBIN TeMIiepaTypHbIi 4
TRE ko3¢ unment RE yC 0
TRE? KBagparnuHbiii TeMIiepaTypHbIil 1°C2 0
ko3 urment RE
JInHelHbIN TeMIiepaTypHBIi o
TRMI kodpurment RM e 0
KBagparnuHb1il TeMIIepaTypHbIi )
TRM2 ko3 uiment RM I°c 0
VAF Hamnpsixenue Dpnu B o
B HOPMaJIbHOM pEKHUME
VAR Hamnpspxenue Dpnu B o
B HUHBEPCHOM PEXKHUME
VIC KoHTakTHas pa3HOCTh NOTEHIIUAJIOB B 0.75
nepexo/ia 6a3a-KoJUIeKTOp
VIE KoHTakTHas pa3HOCTh NOTEHLINAJIOB B 0.75
nepexoja 6a3a->MUTTEP
VIS KoHTakTHas pa3HOCTh NOTEHIIUAJIOB B 0.75
nepexo/ia KOJUIEKTOP-MO0II0KKA
Hanpsioxenue, xapakrepusyroliee
VTF 3aBucuMocth TF oT cmemenus B 00
0a3a-KoJUIEKTOP
Temnepatypusiii ko3¢hduLueHT B
XTB BF u BR 0
XTI Temnepatypusiii koaddunueHt IS — 3
T ABS AGcoIoTHas TeMIIEpaTypa °C 27
T _MEASURED Temmneparypa usmepeHuit °C 27




meI/IMep: Ql 14 2 13 KT3102A
MODEL KT3102A NPN (BF=500)

3.3.10. ITosieBbIe TPAH3UCTOPHI € H30JIMPOBAHHBIM 3aTBOPOM
(MOII-Tpansuctopsl) (MOSFET):

M ums ND NG NS NB [Umsa monenu] <L=[valL]> <W=[valW]> +<AD=[valAD]>
<AS=[valAS]> <PD=[valPD]> <PS=[valPS]> <NRD=[vaINRD]> +<NRS=[valNRS]>,

rie M — unenrtupuxatop MOII-Tpan3uctopa;

nMs — 0003HAYCHHE DJICMEHTA Ha CXEMC;

ND, NG, NS — y3/1bl NOJIKIIOUYEHUSI COOTBETCTBEHHO CTOKa, 3aTBOpa, ucroka MOII -
TPaH3UCTOPA;

NB — y3en noakiroueHus: NOJI0KKH;

Nms Mosienu — UMsi MOJIENIA TPAH3UCTOPA;

valL — nnvHa kaHana (MOXXET YCTaHaBIUBATHCS TMOJIb30BATEIIEM);

valW — mupuHa kaHana (MOXKET YCTaHaBIMBAThCS MOJIb30BATEIIEM. );

valAD — momans cToka, B METpax;

valAS — momanp UCTOKA, B METpax;

valPD — nepumeTp cTOKa, B METpaXx;

valPS — nepumeTp ucToka, B METpax;

valNRD — oTHOCHUTENIBHOE CONTPOTUBIICHUE CTOKA;

valNRS — oTHOCHTENIBHOE CONPOTUBIICHUE UCTOKA.

Onucanue moaenu MOII-Tpan3uctopa B 06111eM Cllydae UMEET BH/]L
.MODEL [HUwms] [Tun] <[11=3H1> <I[12=3H2> ....,

rje Nms — ums Mmozienu;
Tun — oWH U3 CIEAYIOUIUX TUIIOB:
NMOS—mozaens MOII-Tpan3ucTopa ¢ KaHajJoOM h-THIIA,
PMOS—moaens MOIT-Tpan3ucropa ¢ KaHaJIOM p-THUIIA;
I11,I12... — HamMeHOBaHUs TAPaMETPOB;
3H1,3H2... — 3HaueHnusa napametpos. [lapameTpam, HE yKa3aHHBIM B ONIMCAHUU
MO/IeJIU, TPUCBAUBAIOTCS 3HAYEHUS IO YMOITYAHUIO.

Ml 14 213 0 PNOM L=25U W=12U
M2A 02100 100 NW L=33U W=I2U AD=288P AS=288P PD=60U

3.3.11. ITosieBbIe TPAH3UCTOPHI € YIPABJISOIINM P-N-NEPEX0A0M:

Jums ND NG NS [Mms moaenu] [area],
rae  J— uaeHTudUKaTOp MOJEBOr0 TPAH3UCTOPA C YIPABIISIIONIUM P-N-TIEPEXOIOM;

UMsI — 0003HaUCHUE PJIEMEHTA Ha CXEME;

ND, NG, NS — y311bI TOAKIIOYEHUS COOTBETCTBEHHO CTOKA, 3aTBOPA, UCTOKA MOJIEBOTO
TPaH3UCTOPA;

Nmst Mmosiennu — uMst MOJIENIA TPAH3UCTOPA;



area — OTHOCUTEIbHOE 3HAYCHHE TUIOIa M pubdopa (mo ymonuanuio 1,0).

Onucanue MOJICIH TTOJICBOTO TPAH3UCTOPA C YIIPABJISIONIUM P-N-TIEPEX0JA0M B 00IIIEM
Clly4ae UMECT CIICAYIOIINA BU:
.MODEL [Ums] [Tun] <I11=3H1> <I12=3H2> ...,

rae  Wms — ums moaenu;
Tumn — oguH U3 CIEIYIOMMNX TUIIOB:
NJF — Mozenp 1oseBoro TpaH3ucTopa ¢ KaHAJIOM THIIA N.
PJF — MoJienb moJieBOro TpaH3uCTOpa C KaHAJIOM THIIA P;
I11, I12... — HauMEeHOBaHUs NapPAMETPOB;
3H1, 3H2... — 3HadyeHus napamerpos. [lapameTpam, He yKa3aHHBIM B OMMUCAHUU MOJIEIIH,

IMPUCBAUBAIOTCA 3HAYCHUS 110 YMOJIYAHHIO.

CRJ13 2214 23 INOM 2.0

3.3.12. Tpan3uctopsbl Ha ocHoBe apceHuaa rajius (GASFET):
Bums ND NG NS [Hwmsa monenu] < Koadgd. kpatHocTH area>,

rae B —uaentudukarop TpaH3ucTOpa Ha OCHOBE apCeHUAa rajuius;

UM — 0003HAaYCHHE DJICMEHTA Ha CXEMC;
ND, NG, NS — y311bI NOIKIIOUYEHUSI COOTBETCTBEHHO CTOKA, 3aTBOPA, UCTOKA

TOJIEBOTO TPAH3UCTOPA;
Nms mogenu — uMst MOJIENIM TPAH3UCTOPA.
Ornrcanue MOJENH TPAH3UCTOPA HAa OCHOBE apCeHUIa Trajuins B 00IIeM cllydae UMeeT
CIEIYIOIINUMN BU:
.MODEL [Hwms] [Tun] <IT1=3HI1> <II2=3H2> ....
rae  HMmsa — umsa Mojaenu;
Tun — GASFET-Monenb TpaH3uCcTOpa Ha OCHOBE apCEHU 1A TAJUINS C KaHAJIOM THUIIA ;

IT1,I12... — HauMEHOBaHHUS TAPaMETPOB;
3H1,3H2... — 3Hauenus napametpos. [lapamerpam, HE yKa3aHHBIM B OMTMCAHUU MOJEIH,

MMPUCBAUBAIOTCA 3HAUYCHUS 110 YMOJIYAHHIO.

mBIN 100 1 O GFAST
B13 22 14 23 GNOM 2.0

3.3.13. He3aBucnuMble HCTOYHMKH TOKA M HANPSIZKEHUSI:
Vums N+ N- <DC [3H1]> <AC [3H2] <OA3A>> <T3AK> <ITAPAMETPbI>

Tumst N+ N- <DC [3H1]> <AC [3H2] <PA3A>> <T3AK> <[TAPAMETPb1>,

rne  V (I) — uaenTrduratop CTOYHHUKA HAMIPsDKEHUS (TOKA);

UMl — 0003HAYEHUE UCTOYHHKA HA CXEME;

N+, N- — COOTBETCTBEHHO TMOJOXKUTEIbHBIA M OTPULATEIBHBIA Y3Jbl TOAKIIOYEHUS
MCTOYHHKA (TOK T€YET OT MOJIOKHUTEIILHOIO y3J1a Yepe3 UICTOYHUK K OTPULATENIbHOMY);

DC — 0603HaueHHEe UCTOYHHUKA TTOCTOSIHHOTO HAIpsiKEHUs (TOKa);

3H1 — HOoMHHAJIbHOE 3HaYEHUE UCTOYHUKA B BOJIbTAX (amMmepax);



AC — o003HaUYeHHE MCTOYHHUKA TIEPEMEHHOr0 (CMHYCOUAAIBHOTO) HAmpsiKeHUs (TOKa)
ISl YaCTOTHOT'O aHAJIN3a;

3H2 — amnuutya curiana B BojibTax (amrepax);

®A3A — (a3za nepeMeHHOI COCTaBIAIONIEH B rpajycax (€ciu 3Ta BeJIMYMHA HE 3a/laHa,
TO OHAa MPUHUMAETCS PAaBHOM HYJIIO);

T3AK — 3aK0H, 10 KOTOPOMY U3MEHSETCS HAIIPSKEHUE WIIA TOK HICTOYHHKA BO BPEMEHH.
[IpumensieTcss Tpu aHalu3e MEepexXoAHOro mpoiecca. MoxeT ObITh 3aJaH OAMH U3
CIEAYIOIINX 3aKOHOB:

PULSE — nns ucTOYHMKA TpaneneugaibHbIX HMITYJIbCOB;
EXP — ny1s1 uCTOUHMKA 3KCITOHEHIUAIBHBIX UMITYJIbCOB;
SIN — 7151 HICTOYHUKA CUHYCOMIAJIBHOTO HAIIPSKEHNUS;
PWL — nist KyCOYHO-TMHEWHOTO UCTOYHUKA;

SFFN — 1151 aMIUIATYJHO-MOIY IMPOBAaHHOT'O NCTOYHHUKA;

[TAPAMETPbBI — napameTpbl UCTOYHHMKA BO BPEMEHHOW 00JACTH, 337aI0TCS CBOM JJIS
KaKJI0r0 KOHKPETHOI'O HCTOYHHKA.

3.3.13.1. Hcmounuk mpaneueuoaibHvlX UMRYIAbCO8:

PULSE (V1 V2 TD TR TF PW PER)
PULSE (I1 12 TD TR TF PW PER),

rie  PULSE — unentudukatop UMIyI5CHOTO UCTOUYHHUKA;
V1 (I1) — noctostHHAsE COCTaBIAONIAs, B BOJIbTaX (aMIiepax);
V2 (I2) — makcumanbHOE 3HAYCHUE CUTHAIA, B BOJbTaX (amMmepax);
TD — Bpems 3a1epKu B ceKyH1ax (110 yMosyaHutio paBHo 0);
TR — nnuTenbHOCTD NepeAHero (GPoHTa UMITYIIbCa, (1o ymondyanuto pasHa TSTEP);
TF — nauTenbHOCTh 3aHET0 (PpoHTa UMIYJIbCA, B CEKyHAaxX (MO YMOJYAaHHMIO paBHA
TSTEP);
PW — miurenbHOCTh BEPIIMHBI UMITYJIbCA, B CeKyHaX (1o ymonyanuio pasHa TSTOP);
PER — nepuon umnyibca, B cekyHaax (mo ymonyanuio paseH TSTOP).
[TepeuncnenHbie mapamMeTpsl MOSICHEHBI HA puc. 3.2.
A T
V2 b

V1

A\ 4

TD TR PW TF

Puc. 3.2. [TapameTpsl HCTOYHUKA TpanelEenJaIbHBIX UMITYJIbCOB



Ilpumeuanue. TSTEP — nipupaiiieHue BpeMEeHH IIPU pacueTe NepexoHOro
rpoluecca;
TSTOP — koHeuHas BpeMEHHas TOUYKa MPU pacueTe MepexoqHOTO Mpoliecca.

VIN 100 0 PULSE (05000 1 2); uCTOUHHUK TPSIMOYTOJIbHBIX UMITYJIBCOB C
m * aMmmuuTy0i 5B, 1IMTENbHOCTHIO BEPIIMHEI 1€ U TEpUOIoM 2¢

VIN 100 0 PULSE (0501 1 0 2); uCTOYHHUK TPEYTOJIbHBIX UMITYJIHCOB

3.3.13.2. CunycouoanvHwlii UCHOUHUK:

SIN (V1 V2 FC TD DF PHASE),
SIN (I1 I2 FC TD DF PHASE),

rae  SIN — uneHTH(HKATOP CHHYCOHUIaTbHOTO UCTOYHHUKA,
V1(I1) — noctosiHHas cocTtaistomias, B (A)
(oGs13aTenbHBIN mapaMeTp);
V2(12) — makcumanbHOE 3HaUYC€HHE curHaia, B (A)
(oOs13aTenbHBIN mapaMeTp);
FC — yacrota curnana, B repuax (o ymonuanuw 1/STOP);
TD — 3anepxka, B cekyHaax (1o ymosrdanuio paBHa 0);
DF — nexpemenT 3atryxanusi, 1/c (mo ymomyanuto paset 0);
PHASE — ¢as3a, B rpagycax (1o ymonuanuio pasta 0).

IIpumeuanue. [1pu HaMMUUU 3aTyXaHUs BEJIMYMHA CUTHAIA CHHYCOUIAIBHOTO
MCTOYHHUKA OIpeensercs no Gopmyaam

V(t)=V1+V2*EXP(~(T-TD)*DF)*SIN(2*PI*FC*(T-TD) — PHASE) .
I(t)=11+12*EXP(~(T=TD)*DF)*SIN(2*PI*FC*(T-TD) — PHASE)

VIN 100 0 SIN (0 5 50)
V1 5 4 SIN (0 25 1KHZ)

3.3.13.3. Kycouno-nuneitnlit ucmouynuk:

PWL(T1 VI T2V2 ... TN VN),
PWL (T1 11 T2 I2...... TN IN),

rie PWL —uaentudukatop KyCOuHO-JIMHEHHOTO UCTOYHUKA;

T1...TN — 1IUTENBHOCTH UHTEPBAJIOB;

V1...VN (I1.... IN) — 3HaueHus ypOBHEH CUTHaja MO OKOHYAaHUU COOTBETCTBYIOIIETO
WHTEpBAIa.

mVIN10PWL(012N13N54N 10)

3.3.13.4. DkcnoHeHUUAIbHBLIL UCH OYHUK:
EXP (VI V2 TD TER TR TFR),

EXP (I1 12 TD TER TR TFR),
rie  EXP — uneHTH(HKAaTOp SKCIIOHEHIIMATBHOTO NCTOYHUKA;
VI (I1) — mocTostHHAs COCTaBJISIIONIAS, BOJIBT (aMIiep);
V2(I2) — MakcuMaabHOE 3HAYCHHE CUTHAJA, BOJIBT (aMIep);



TD — Bpems 3anepxku (o ymonyanuto paBHo 0);
TER — mnocrosiHHas BpeMEHUM HapacTaHus mnepeaHero (poHTa, B cekyHaax (1o
ymonuanuto paBHa TSTEP);
TR — nmocTosiHHAsi BpeMEeHM Hayalsa craja 3agHero (poHTa, B CeKyHAaX (MO yMOTYaHUIO
paBHa TD+TSTEP);
TFR — nmocTosiHHass BpeMeHU clajaa, B cekyHnax (mo ymomndanuto papHa TSTEP).

VIN 10EXP (0.2 2U 20U 40U 20U)
120 1 0 EXP (0.2 2U 20U 40U 20U) .

3.3.13.5. AmMnaumyono-mo0yauposanuvlii UCHOUHUK:
SFFM (VI V2 FC MOD FM),
SFFM (11 12 FC MOD FM),
rie  SFFM — uaentudukatop aMIuiuTyIHO-MOYIMPOBAHHOTO UCTOYHHUKA;

V1(I1) — nocTosiHHAs COCTaBIAOIIAs, BOJLT (amriep) (00s3aTeIbHbBIN TTapaMeTp);
V2(I2) — w™akcuMalbHOE€ 3HAUYE€HHE CHUTHaja, BOJLT (ammep) (00s3aTeNbHBIN

napameTp);
FC —vactora curnana, B repuax (no ymonyanuto 1/STOP);

MOD — ko3¢ dpunmenT aMmauTy IHON MOAYISIIUY (0 yMoyaHutio paseH 0);
FM — gacTtota Hecymiei, B repiax (o ymonganuto 1/STOP).
BennunHa curHama MOAYTHPOBAaHHOTO MCTOYHWKA B MOMEHT BPEMEHH t OmpeenseTcs
o ¢hopmysiam:
V(t)=V1+V2«SIN((2%PI*FC*T)+MOD*SIN(2*PI+«FM=T)

1(t) = T1 + [2+SIN((2#PT*FC#T)+MOD*SIN(2+PI+FMx=T).

VIN 1 0 SFFM (0 2 100MEGH 5 4KH)
120 1 0 SFFM (0 2MA 100MEG 5 4KH)

3.3.14. YupasasieMble HCTOYHMKH HANIPSIZKEHUSI M TOKA.

Henwnelinble 3aBUCHMBIC UCTOYHUKH MOTYT YIIPABIATHCS OT HECKOJIBKUX UCTOYHHKOB,
Y WX 3HAYCHHE OIPEACISICTCS C MMOMOIIBIO MoTMHOMA. [lomuHOM /U1t 0JTHOTO aprymenTa V1
(0THOTO MCTOYHHKA) SIBIISICTCS

V=a0+al-V1+a2-V1*+a3-V2’ +..,
[TosuHoM auist 1Byx aprymeHToB V1, V2 (1ByX ynpaBisiouuX UCTOYHUKOB):
V=a0+al-V1+a2-V2+a3-V1*+a4-V1-V2+a5-V2*+a6-V1>+...
[Tonuuom muist Tpex aprymenToB V1,V2,V3 (Tpex ynpapisiomiX HUCTOYHUKOB):

V=a0+al-V1+a2-V2+a3-V3+a4-V1°*+a5-V1-V2+a6-V1-V3+a7-V2’+. ..
3.3.14.1. Hcmounuku moxa, ynpaeisiemvle HANPANCEHUEM:

Gums N+ N- <Vumsa> <NY+> <NY-> [KpyTu3sna]
WIH

Gums N+ N- POLY(ND) <Vumsa> <NY+> <NY-> [3nauenue kodpPuruenral,

Trac G- I/IIICHTI/I(I)I/IKaTOp NCTOYHHKA TOKA, YIIPABIIACMOI'O HAIIPAKCHUCM,,



uMs — 0003HaUEHHE JIEMEHTA HA CXEME;

N+, N- — COOTBETCTBEHHO IIOJIOXKUTEJIBHBIA U OTPULIATEIIbHBINA Y3J1bl MOAKIIOUYECHUS
HMCTOYHMKA TOKA;

Vumsi — UM YHOPaBIIOUIETO WCTOYHUKA HANPSDKEHUS, YIPAaBISAIOIIMNA HCTOYHHUK

HaIpsHKEHUs J0JHKeH ObITh HE3aBUCUMBIM U HE PaBHBIM HYJIIO;

NY+, NY- — noJIo)KUTENbHBIA U OTPULIATEIbHBIA Y3JIbl MMOAKIIOUYECHUS YIIPABIISBIIECTO
HaIpsKECHMUS;

KpyTtusna — kpyTH3Ha HCTOYHUKA;

POLY - yxka3piBaeT Ha TO, YTO YIPaBJISEMbI HMCTOYHUK OIMCHIBAETCS C MOMOILBIO
IIOJINHOMA,;

ND — 4yucino apryMeHTOB, BXOISIIUX B IOJUHOMUAJIBHYIO 3aBUCUMOCTH;

3nadenue kodhuimenTa — KodGPUIUEHTH MOTUHOMA.
GBUF1210111.0

mGNON 100 101 POLY(2)30200.0 13.6 .2 005

3.3.14.2. Hcmounuku moka, ynpasnsaemslie moKom:

Fums N+ N- <Iumsa> <NY+> <NY-> [3naucHuc]
WIn

Fums N+ N- POLY(ND) <lums> <NY-+> <NY-> [3nauenue ko3¢.],
rne F — uneHTHUKATOp NCTOUYHUKA TOKA, YHPABIIEMOTO TOKOM;
uMs — 0003HaYEHUE AIIEMEHTA Ha CXEME;
N+, N- — COOTBETCTBEHHO TMOJOXUTSIBHBIA M OTPHUIATEIHHBIA Y3JIbI MOIKIIOYCHIS
HCTOYHUKA TOKA
IuMst — UMs yIIpaBIISAIOIIET0 UCTOYHUKA TOKA; TOK, MPOTEKABIINHA Yepe3 YIpaBIISIOMIUN
UCTOYHUK, OTpEACNsAeT BBIXOAHOW TOK; YIPABISIONIMNA HCTOYHUK TOKa JIOJDKEH OBITh
HE3aBUCUMBIM M HE PABHBIM HYJIIO;
NY+, NY- — cOOTBETCTBEHHO IOJI0KUTEIBHBIM U OTPULIATENILHBIN Y3JIbl ITOJKIIOUYECHUS
MCTOYHHUKA YIPABJISIOWIETO TOKA;
POLY — yka3bIBaeT Ha TO, YTO yNpaBIsieMblii HMCTOYHUK OMHUCBHIBAETCS C TOMOIIBIO
MOJINHOMA;
ND — unciio apryMeHTOB, BXOASIIUX B MMOJIMHOMHAIIbHYIO 3aBUCUMOCTb;
3HadeHue — KO3 (HULHUEHT MPONOPIIUOHATIBHOCTH;
3HadeHue kod(. — ko3P HUIMEHTHI TOJTUHOMA.
FSENS 1 2 VSENS 10.0
FAMP 13 0 VIN 500

3.3.14.3. Hcmounuku nanpsasyicenus, ynpagiaemovle moKom:

Humst N+ N- <Iums> <NY-+> <NY-> [KpyTtu3sHa]
WIn

Hums N+ N- POLY(ND) <Iums> <NY+> <HY -> [3nauenue ko3¢.],

Tac H- I/IIICHTI/I(I)I/IKaTOp HCTOYHHKA HAIIPAKCHUA, YIIPABIIICMOI'O TOKOM;
nMs — 0003HaYCHHUE DJIEMEHTa Ha CXCMC,



N+, H- — COOTBETCTBEHHO MOJIOKUTENBHBIM U OTPULIATENBHBIN Y3JIbl MOAKIIOYEHUS
MCTOYHUKA TOKA;

Iums — UM ynpaBisionero HICTOYHUKA TOKa; TOK, MPOTEKAIOUIUN Yyepe3 yrpaBIIstOmHii
UCTOYHHUK, OMPEIEISeT BBIXOJHON TOK; YMPaBISIOMMA HCTOYHUK TOKAa JOJIKEH OBbITh
HE3aBUCUMBIM U HE PaBHBIM HYIIIO;

KpyTHusna — kpyTu3Ha UICTOYHUKA;

POLY — yka3piBaeT Ha TO, YTO YIpaBJsieMblil MCTOYHHMK OIUCHIBAETCA C TOMOUIBIO
MOJIMHOMA;

ND — gnciio apryMeHTOB, BXOASIIMX B MOJTMHOMHAIIbHYIO 3aBUCUMOCTH;

3nadeHue Kodd. — K03 HUIHUEHTHI TOTUHOMA.

HSENS 1 2 ISENS 10.0
HAMP 13 0 IN 500
HNOLIN 100 101 POLY(2) ICNTRLI ICNTRL2 0.0 13.6 .2 .005

3.3.14.4. Hcmounuku nanpsasicenus, ynpaeginaemovle HAnPAICeHUeM:

Eumsa N+ N- <Vums> <NY+> <HY-> [3naucHuc]
WIn

Eums N+ N- POLY(ND) <Vums> <NY+> <NY-> [3HaueHnue ko3¢.] ,

Tac E - I/IIICHTI/I(I)I/IKaTOp HNCTOYHHKA HAIIPSKCHUA, YIIPABIIACMOT'O HAIIPAKCHUCM |
nMs — 0003HaYCHHUE dJIEMEHTa Ha CXCMC,

N+, N- — COOTBETCTBEHHO IOJIOKUTEIBHBIA W OTPULATEIBbHBIM Y3JIbl ITOAKIFOYECHUS
VMCTOYHUKA HANIPSKEHUS;
VuMms — HUMS yOpaBiSIOIIETO HMCTOYHHUKA HANPSHKEHUS; YIPABISIIOIIUMNA HCTOYHHK

HaMpsHKEHUs T0JHKEH ObITh HE3aBUCUMBIM U HE PaBHBIM HYJIIO;
NY+, NY- — cOOTBETCTBEHHO IOJIOKUTEIBHBIN U OTPULIATENIBLHBIN Y3JIbl [TOJKIIOUYECHUS
YIPABJISIOIETO UCTOYHUKA;
3HaueHue — KO3PPUIMEHT HPOIOPLHUOHATBHOCTH;
POLY — yka3piBaeT Ha TO, YTO YIpaBJsieMblii MCTOYHHMK OIUCHIBAETCA C TOMOUIBIO
IIOJINHOMA;
ND — unciio apryMeHTOB, BXOJSIIUX B TOJTUHOMUAIBHYIO 3aBUCUMOCTB;
3nadenue Kodd. — K03 HUIHEHTHI TOTUHOMA.
EBUF1210111.0
ENON 100 101 POLY(2)30 401.1 0.0 13.6 2 9.65 0.003

lpumeyanus.

1. IlepBasi ¢dopma 3amucu OTpakaeT JMHEWHYIO 3aBHUCHUMOCTb BBIXOJHOW BEJIIMYMHBI OT
BxoaHou. Paccmotpum EBUF, 3neck 1 u 2 — Beixognsie y3ibl; 10 u 11 — ynpasnstomue
y37bl; 1.0 — kpyTusHa; Vyx=1,0-Vi,.

2. Bropas ¢opma 3amucu oTpakaeT HEJIMHEWHYIO 3aBUCHUMOCTb BBIXOJIHOM BEJIMYHHBI OT
BxoaHou. Paccmorpum ENON, 31eck 100 u 101 — Beixognbie y3ibl; POLY (2) — umeetcs
JBa YIPABISIIOIMUX HMCTOYHMKA; 3 W 0 — y37bl MOAKIIOUEHUS MEPBOTO YIPABIISIOLIETO
ucroyHuka V1; 4 u 0 — y3/1bl NOJKIIOYEHNS BTOPOrO YHPABISAIOMIET0 UCTOYHUKA V2; 1.1,
0.0, 13.6, 2, 9.65, 0.003 — k03¢ HUITMEHTHI TOJIMHOMA; TIPU 3TOM

Veux=1.110.0-V1+13.6-V2+2-V1-V1+9.65-V1-V2+0.003-V2-V2.



3.3.15. Iloocxemot.
OO6parieHue K MojcxeMe B MporpaMmMe UMEeT CJICTYIOIIUM BU/L:
X<ums> [y3en] [UMs MOJICXEMBI],

IIPU 3TOM JOJKHO UMEThCSI ONMCAHUE MTOJACXEMBI B BUJIE
SUBCKT [ums] [Y3en]
.ENDS

rae  SUBCKT — 3anuck, onuceiBaronias moicxemy;
y3€J1 — Y3JIbl TOAKIFOUEHUS MTOACXEMBI;
X — u1eHTU(PUKATOP MOICXEMBI;
VY3en — y371bl MOJKIIFOYEHUS TOJCXEMBI (JIJ1S1 BJIOKEHHOM );
.ENDS — oneparop KoHIIa ONHCaHUS TTOJACXEMBI.

IIpn BBI3OBE mojacxembl 3amuch [X . . . | 3amemniaercsi onuMcaHueM mnojcxemsbl. [Ipu
BBI30BE MOJCXEMBl HOMEpPA Y3JIOB, YKa3aHHBIC B BBI3BIBAIOUICH 3alMCH, 3aMEIIAI0T HOMEpa
y3JI0B, 3aJlaHHbIC MPU OMHCAHWUU TOJICXEMbl. YPOBEHBb BJIIOKCHHOCTH MOXKET OBITh JIFOOOM,
HO HEJIb3s JIOMYCKaTh 3allMKIMBAHUs, T.€. €CJIU MoJicXeMa A BBI3BIBACT MoAcXeMy B, To u3
nojcxeMbl B Helb3s CHOBa BBI3BIBATh MOJCXEMY A.

.SUBCKT OPAMP 1 2 101 102
X1 124 UNITAMP

.ENDS

.SUBCKT UNITAMP 125
R146 10K

3.4. IlupeKTUBBI yIIPABJICHUS

3anucu ¢ AUPEKTUBAMHU YIIPABJICHUS MO3BOJISIOT 3aaBaTh TPeOYEMbIil B aHAIN3a, €T0
napameTpbl, (QOpMy . MPEACTABICHUS BBIXOJHOW WHPOPMAMM W  PSI  BEJIHYMH,
OTIPECIISIFONTNX X0 BBIYHCIUTEIBLHOTO TIpoliecca. PacCcMOTpUM THUPEKTHUBBI YIPABICHUS
6oJiee moapoOHoO.

3.4.1. Iupextusa . TEMP]:
.TEMP t1 <t2<t3...>>

HNupekruBa [.TEMP] 3agaer paznuunsie Temnepatypsl t1,t2,t3,..., B rpagycax no Llenscuto,
IUISL KaKJIOM M3 KOTOPBIX IPOU3BOAUTCS MOJEIUPOBAHUE cXeMbl. Bennuuna tl, meHbas -
223 rpanycoB, wurHopupyercs. Ilapamerpel Mopeneil 3amarOTCs MNPU HOMUHAIBHOU
TeMIiepaType, KoTopas MOXeT ObITh u3MeHeHa 3aanueM nqupekTuBbl [.OPTIONS] ¢ onmueit
TNOM. Ecaum pupextuBa [.TEMP] orcyrcTByeT, TO MOAEIMPOBAHUE MPOBOJIUTCS MPH
TeMIeparype, paBHOM HOMHUHAJIbHOMU.

.TEMP -27 0 27

.TEMP -55.0 25 155.5

3.4.2. InpextuBa [.NODESET]
.NODESET V(Howmep y3na) = [Hanpspokenue] <...>



JlaHHast TUpPEKTUBA TMO3BOJISIET 3a7aTh HAYaJbHBIC HANPSIKEHUS MEPECUHUCIEHHBIX B HEN
y3JI0B JUJIsl aHAJIM3a 110 IOCTOSIHHOMY TOKY M pacdeTa MEepeXoIHbIX npoueccoB. OHa T0mKHA
MIPUMEHSITHCS TIPU MOJICTTUPOBAHUHN CXEM C JIByMs U 00Jiee YCTONYMBBIMU COCTOSTHUSIMH JIJIs
yIYYIIEHUsI CXOJUMOCTH pacyeTa Mo MOCTOSHHOMY TOKY U BbIOOpa MpaBWIBHON paboueit
touku. [Ipumenenune aupektuBsl [.NODESET] npu pacuere cxem ¢ OJHUM YCTONYMBBIM
COCTOSIHUEM TIO3BOJISIET B PANE CIy4aeB CHU3WUTH 3aTparbl MAIIMHHOTO BPEMEHU Ha
MOJICJIMPOBAHMUE U HE BIUSIET HA OKOHYATENIbHYIO pabouylo TOUKY.

NODESET V(22)=2.1 V(100)=0 V(5)=-12
NODESET V(11)=-5.5V V(100)=100 V(5)=-1V

3.4.3. Iupexruna [.IC]:
IC V(Homep y3na)=[Hamnpsokenus | <...>

Hupextua [.IC] 3amaeT HayanpHbBIE YCIOBUS MPU PACUETE MEPEXOJAHBIX MPOLIECCOB IS
MepeuncieHHbIX B Hel y3noB. B 3aBucumoctu ot omnuuu [UIC] B aupextuBe [.TRAH]
nupektuna [.IC] MOXeT UMEeTh pa3IMuHOE ICHCTBUE:

a) ipu 3aganuu onuuu [UIC] B nupextuBe [.TRAN] 3HaueHus y3710BbIX HapsHKEHUIH,
onpeneneHHbIX B aupektuBe [.IC], MCnonb3yroTcss OpU pacyeTe HayalbHbBIX YCIOBHM B
MOJENAX €MKOCTH, IHUOAa, TPAH3UCTOPOB, YTO SKBUBAJIEHTHO 3amanuto ommuu [IC=...] B
Ka)XJIOM OMHCAaHWU MOJENH TMOJTYHPOBOJHUKOBOTO IpubOpa, HO B Oojee ynoOHOo# (opme.
IIpn onHoBpemeHHOM 3amaHuu AUpeKTUBHl [.IC] 1 onunn [IC=...] nppuHUMaeTcs 3Ha4YCHHUE,
ykazanHoe B onuuu. B qupektuse [.IC] 10pKHBI OBITH 00s13aT€NIbHO 3aaHbl HATTPSIKEHUS Ha
BCEX MCTOYHUKAX ITOCTOSIHHOTO TOKa, ONPEAENSIOIINX HadaJbHbIE YCIOBUS IS
MOJTYTIPOBOHUKOBBIX MPUOOPOB;

0) ecu ommust [UIC] B aupextuBe [.TRAN] He 3amana, To mepea MoJAeIUpPOBAHUEM
ompenensercss paboyasi TOUKa CXEMbl MO TOCTOSHHOMY TOKY, T.e. naupektuBa [.1C] He
OKa3bIBAET BIUSHMS HA PE3YIbTAT MOACIUPOBAHUS.

AC V(22)=2.1 V(102)=0 V(3)=-12

AC V(11)=-22.3V(102)=100 VQ3)=-1V

3.4.4. Ilupextuna [.OP]:
.OP

IIpu 3apanuu qupekTussl [.OP] nporpamMmmMa npoBOAUT aHAIU3 CXEMBI M0 MTOCTOSHHOMY
TOKy. [Ipy 3TOM MHAYKTUBHOCTH IPEACTABISAIOTCSA B BUAE KOPOTKOIO 3aMBbIKaHUsI, EMKOCTH
3aKOpaynBarOTCsA. JlaHHBIA BUJI aHAJIA3a NIO3BOJISIET PACCYUTATh TOKU AKTUBHBIX 3JIEMEHTOB,
paccenBaeMble MOIIHOCTH BCEX HWCTOYHUKOB HamnpsokeHUsA. Onpeaenstorcss Takke
JIMHEAPU30BaHHbIE IIApaMETPbl BCEX HEJIHMHEHHBIX YIPABISAEMBIX HCTOYHHUKOB U
MOJIYIIPOBOJHUKOBBIX 3JIeMEHTOB. [Ipu OoTCyTCTBUM 3TON AMPEKTUBHI pabodHMe TOYKHU BCE
PaBHO PACCUUTHIBAIOTCS, HO B BBIXOJAHOW (aill BBIBOJUTCS JHIIb CIUCOK Y3JOBBIX
HaINPSIKEHUMN.

m [Tpumep: .OP

3.4.5. Iupextuna [.DC]:
.DC [Mms uctounuka] VBl VEI VSI1 <[Wms ucrounuka] VB2 VE2 VS2>

I[I/IpCKTI/IBa [DC] OoNpCaACiICT HMCTOYHUK HAIPSKCHUA WKW TOKaA, IJIsI KOTOPOTO
PACCUHUTBIBAIOTCA XaPAKTCPUCTUKH CXCMBI 110 ITIOCTOAHHOMY TOKY, da TAKIKC 3a1aCT IIPCIACIIbI



W3MEHEHUS U LIAr MPHU MOCTPOCHUU TMEPENATOUYHBIX XapaKTEPUCTUK CXEeMbl. B mporpamme
MPEAYCMOTPEH PACYET MEPENATOYHBIX XAPAKTEPUCTUK IPU OJHOBPEMEHHOM H3MEHEHUU
napaMeTpoB JABYX HCTOYHHUKOB. B 3TOM ciyuae cHauyana OyaeT U3MEHSTHCS 3HAUCHHE
rnapamMeTpa nepBoro KCTOYHHUKA MPU KaXKIOM 3HAUYCHUHU IapaMeTpa BTOPOro UCTOYHHUKA, UYTO
WCTIOJIB3YETCSI  NPU  PacuyeTe  BOJBT-AMIIEPHBIX U BBIXOJHBIX  XapPaKTEPHUCTHUK
MTOJTYTIPOBOTHUKOBBIX MMPUOOPOB.
Onuuu qupektussl [.DC] o3HayaroT:
VB1,VB2 — nauanbHble HANPs>KEHUST WK TOKW HCTOYHUKOB,;
VE1,VE2 — koHeuUHbIe HAIPSIY)KEHUS WA TOKA UCTOYHUKOB,;
VS1,VS2 — cooTBercTBYIOLIME IPUPALIEHUS.
.DC VIN 0.25 2.2 0.1
.DC VDS 010 0.5 VGS 05 1
.DC VCE 010 0.25 IB 0 10u lu

3.4.6. Inpextuna [.TF]:
.TF [Boixognas BenuurHa| [ BXxogHON NCTOUYHHUK |

JlupekTuBa MO3BOJISIET PACCUUTATh HAa MOCTOSHHOM TOKE B PEKUME Majoro CUrHajia B
3aBUCUMOCTH OT THUIIOB BXOJIHOTO MCTOYHHMKA W BBIXOJHOM BEIMYMHBI CJICAYIOIIHE
XapaKTEPUCTUKHU:

1) mepenaToyHyr0 XapakTEPUCTUKY 1O TOKY WM HAIMPSIKEHUIO;

2) BXOJHOE CONPOTUBIICHUE;

3) BBIXOJIHOE COMIPOTHUBIICHHE.

.TF V(10.2) VIN
.TF I(VS) VIN

3.4.7. InpextuBa [.TRAN]:
.TRAN</OP> TS TE <TB <TMAX> <UIC>

Jupektuna [.TRAN] no3Bossier npoBOAUTH pacueT MEPEXOIHBIX MPOLECCOB, MPU ITOM:

TS — BenmmumnHa 1mara npu BeIBOJIE TAOJIUI U TPAPUKOB;

TE — BpeMsi OKOHYaHUS pacyeTra Mepexo HbIX IPOLIECCOB;

TB — nauaso 1epexoaHoro mpoiiecca (mo ymondanuto TB=0). B unTepBane BpemeHu
[0,TB] pacyer IepexOoaHbIX IPOLECCOB BCE PABHO MPOU3BOAUTCA MJISI ONPEACIICHUS
HayaJbHbIX YCIOBUI, OJHAKO PE3YJIBTATHI pacyeTa HE 3alIOMUHAIOTCS.

TMAX — wmakcuMmanbHblii mar uHTerpupoBanus. [lo ymomuannio TMAX paseH
HauMeHnbleMy u3 AByx BenuuuH: TS nmubo (TE-TB)/50.

Omnmust [/OP] ucnionws3yercst A BbIBOJIa 3HAYEHUN pab0oveil TOUYKH CXEMBI.

Onumst [UIC] mo3BosisieT MCHOJb30BaTh B KAYECTBE HAYaJbHBIX YCIOBUN 3HAYCHUS
napameTpoB [IC=...], 3a1aHHBIX IPU OMTUCAHUU 3JIEMEHTOB CXEMBI.

.TRAN Ins 100ns

.TRAN/OP 1Ins 1000ns 100n
.TRAN 1 100 UIC

3.4.8. Iupextuna [.AC]:
.AC DEC ND FB FE
.AC LIN NP FBFE
.AC OCT NO FB FE



JlupekTuBa oOmNpeAeisieT pacyeT IJIEKTPOHHOM CXEMbl 10 MEPEMEHHOMY TOKY H
MO3BOJISIET BBIMOJIHUTH aHAIU3 €€ XapaKTEPUCTHUK B 33JJaHHOM JMana3oHe 4acToT. B cxeme
00s13aTeNIbHO JOJDKEH ObITh OJIMH HE3aBUCHUMBIM UCTOUHUK ¢ Tlapametpom [AC].

Onuuu B nupextuse [.AC]| o3Havaror:

DEC — u3meHeHune 4acToThl 110 IcKa1aM;

ND — uncno Touyek B A€Kaje;

LIN — nuHEeMHOE€ U3MEHEHUE YaCTOTHI;

NP — yncnio Toyek B AUana3oHe;

OCT — u3MeHeHHe YacTOThI IO OKTaBaM;

NO — gncno Touek B OKTaBE;

FB — nauanpHas yacTtoTa aHaiguz3a;

FE — xoHe4Has yacToTa aHajm3a.

AC DEC 10 1 10000
AC OCT 10 10 100K
AC LIN 100 1K 1I0MEG

3.4.9. Iupextuna [.FOUR]:
.FOUR [YacToTa 0CHOBHO} rapMOHUKH | [ BeIx01HBIE IEpEMEHHBIE |

JlupexkTuBa TmpeaHa3HaueHa IS TpoBeJeHus Dypbe-aHaau3a U COOTBETCTBEHHO
ONpeJeIeHUs] TapPMOHMYECKMX  COCTaBISIONIMX BBIXOAHOrO curHana. llpu sTom
BBIYHUCIISIOTCS aMIUTUTY Bl U (Da3bl TAPMOHUYECKUX COCTABIISIONINX, a TAKKE WX BEJIUUYUHBI,
OTHECEHHBIE K aMILTUTYJIe U (ha3e NepBoi rapMOHUKH.

HupextuBa [.FOUR] paGotaetr ToJbKO CcOBMecTHO ¢ aupektuBor [.TRAN], uwmcrio
paccUnThIBAEMbIX TAPMOHHUK PaBHO 9.

FOUR 10K V(12) V(13) I(IVIN)
FOUR 50HZ V(5) V(7)

3.4.10. InpexTuna [.SENS]:
.SENS [Bsixognas nepeMenHas | <[BbIxoaHasi nepeMeHHasi |>

IIpn Hamuuum pupexkTuBbl [.SENS| mpousBoauTcs aHain3 4YyBCTBUTEIBHOCTH Ha
IIOCTOSIHHOM | TOKE JIJIsl BCEX IEPEUYMCIIECHHBIX BBIXOJHBIX MEPEMEHHBIX IO OTHOIIEHUIO K
KaXJIOMY U3 MapaMETPOB CXEMBI.

SENS V(15) V(16.2) V(22)
SENS V(2) I(VCO)

3.4.11. Inpextuna [.NOISE]:
.NOISE [Beixonnas nepemeHnHasi| [BxoaHON NUCTOYHUK |

HupextuBa [.NOISE] mnpennasHaueHa muisi pacueTra IIYMOBBIX XapaKTEPUCTHUK U
ucronbzyercss coMectHo ¢ aupektuBod [.AC]. IIporpamma paccuuThIBaeT HIyMbl IS
3aIaHHOM BBIXOJHOW IEPEMEHHOM, HKBUBAJICHTHBIE ILIYMBbI, IPUBEICHHBIE KO BXOJHOMY
MCTOYHUKY, BBIBOJUT TaOJMIly BECOBBIX KOA(P(HUIUEHTOB JJIsl KaXKJOT0 UCTOYHUKA IIIyMOB B
paMKax 4acTOTHOTO Auana3oHa, onpenensemoro napamerpom NSUM. Ecaiu NSUM=0, to
Ta0JIMIIa HE BHIBOAUTCS.



3.4.12. Inpextuna [.PLOT]:
.PLOT [DC] [AC] [NOISE] [TRAN] [Beixllep] [HII] [BII]

JlupekTuBa npeaHa3HaueHa i MpeICTaBICHHs PE3yNbTaTOB pacyeTa B BUJE TaOIUI] U
rpadukoB, GOpMHUPYEMBIX C TOMOLIBIO TEKCTOBBIX CUMBOJIOB B (paitie *.out.
Onuuu AMPEeKTUBBI:
[DC], [AC], [NOISE], [TRAN] — Bua aHanu3a, s KOTOPOTO BBIBOJUTCS BBIXOJIHAs
uHdopmanus;
[BoixIlep] — BbIXOAHBIE IEPEMEHHBIE, JJIsI KOTOPBIX CTPOUTCS TaOIHIIA U TpapUKH;
[HIT] — ayoxHM npenen;
[BII] — BepxHuii nmpeaen.
[Ipu nmocTpoeHuu rpadguka B mporpaMme aBTOMAaTHUYECKH ONPEESIOTCS MaKCUMAalIbHAS
Y MUHUMAaJbHasl BEJIMYMHBI BBIXOIHBIX MIEPEMEHHBIX U MPOUCXOJUT MaclITabupoBaHue oceit
KOOpPJMHAT Tak, YyToObl TpaduK MOIXOIUI MO 3TU pazMepbl. OHAKO MacliTaOMpOBaHUEM
MOXXHO YIpaBisATh, €CIAM yKa3aTb Tmpeaenbl oceil koopauHat. Ha onunH rpaduk
OJIHOBPEMEHHO MOXHO BBIBECTH JI0 8 MEPEMEHHBIX.
.PLOT DC V(3) V(2.3) V(RI) I(VIN) I(R2) IB(Q3) VBE(Q3)
PLOT AC VM(2) VP(2) VM(3.,4) VG(5) VDB(5) IR(6) 11(6)
.PLOT NOISE INOISE ONOISE DB(INOISE) DB(ONOISE)
.PLOT TRAN V(@3) V(2,3) (0,5V) ID(M2) I(VCC) (-50MA,50MA)

3.4.13. Inpexktuna [.PROBE]:
.PROBE [BbIx0aHbIE€ TIEpEMEHHBIC |

JlupekTuBa mpeaHa3HAYCHA JJIs Mepe/laud JaHHBIX B rpaduueckuil mocTmporeccop
Probe u 3amycka mocieaHero Ha WCIMOJHEHUE. B pe3ynbrate BBINIOTHEHUS IUPEKTUBBI
MOSIBJIIETCSI BO3MOXKHOCTh MPOCMOTpPA PE3yJIbTATOB MOJCIUPOBAHUS B rpa)MuecKoM BHJIE.
Ecnu BbIXONIHBIC TEpeMEHHBIE HE YKa3aHbl, TO B JajbHeWiieM B OkHe (cMm. puc. 2.13)
BO3MOXKHO OTOOpa3uTh BCE TOKM, HAIPSDKCHHS, MOIIMHOCTU JUIsl JTaHHOM cxeMbl. B
MIPOTHUBHOM CJTy4ae BO3MOKEH TOJILKO BEIOOP U3 YKA3aHHBIX BBIXOJAHBIX MEPEMEHHBIX.

.PROBE
.PROBE V(1) I(R)
3.4.14. Inpextuna [.LIB]:
.LIB [ms GubnauoTexu]

JIMpeKTUBa CITYKUT AJIs MOAKIIOYEHUSI OMOIMOTEKN MO/ieNield KOMIIOHEHTOB.
.LIB NOM.LIB
.LIB C:\PSPICE\MMYLIB.LIB

4. CO3JAHME I1OJIb30OBATEJIbCKUX BUBJINOTEK

Ilns monHoueHHOM pabotel B cpene Orcad HeoOXxoaumMo Hamuuue OHOIMOTEK,
COJEPKAIINX HCIONB3yeMble pa3pa0OTYMKOM dJeMEHTBl. MHorue OHOIMOTEeKH C
ONMHMCAHMSIMHU 3apyOCKHBIX JJIEMEHTOB, pa3pabOTaHHBIE (UPMaAMHU-TIPOU3BOAUTEIISIMH,
MOXHO HaiiTH ¢ momompio Internet. K cokalleHHI0, OTEYECTBEHHBIC MPOM3BOJAMTEIIH HE
o0OecreuynBalOT TOMICPKKY CBOUX HM3IEIMH B CHCTEMaX aBTOMAaTH3UPOBAHHOTO
MPOCKTHPOBAHUS, TOTOMY TIPU TPOCKTUPOBAHWM TPUXOJMTCS JIMOO MCIOJIb30BaTh



3apyOeKHbIE aHAJIOTH, TUOO CO37aBaTh CBOM OMOJIMOTEUHBIC JIEMEHTHI.

Jist co3gaHuss OMOIMOTEYHOTO JJIEMEHTA, IMPUTOJHOTO JUISI MOJACIUPOBAHUS C
MOMOIIBIO0 porpaMMbl Capture, HeOOXOMMO:

1. Co3nath MOAENb, ONMUCHIBAIOIIYIO (PYHKIITMOHUPOBAHUE IJIEMEHTa, B COOTBETCTBUU
C corJalleHusIMH mporpaMmMbl PSpice.

2. Coznatp ycinoBHOe Tpadudeckoe ooo3naueHue (YI'O) anemenra.

3. Cesa3atb YI'O u Monesnb B eUHBINH OMOIMOTEYHBIN JIEMEHT.

[Tpr HEOOXOAMMOCTH JaNbHEHINCH pa3pabOTKK MEeYaTHOM IUTAThl HEOOXOIUMO TAKXKE
pa3paboTaTh YEpPTEHK IOCAJOYHOIO MeECTa JJIEMEHTa W BHEAPUTH €ro B OHMOIMOTEUHBIN
DJICMCHT.

4.1. Co3nanue MoaeJje YJIEMEHTOB

B 3aBrucHMOCTH OT BUJ]a OMKMCBHIBAEMOTO YCTPOMCTBA BCE MHOYKECTBO MOJICNIEH MOXKHO
pa3zeanTh Ha JIBAa BUJIA:

1. Monenu, uMeromue BCTpOEHHOE omnucanue Ha s3bike PSpice. Ilpu stom s
CO3JaHMs MOJIb30BATENLCKOM MOJIEH HEOOXOAMMO 331aTh HEOOXOJUMbIE TapaMeTpPhI.

m [Tpumep:

.MODEL D_MY D VJ=0.75

2. Mopgenu, ONMUCHIBAEMBIE C TIOMOIIBIO MOACXeM. MOJENb COACPKHUT OIHCAHUE
DIIGKTPUYECKONW CXEMBbI YCTPOWCTBA, a Takke Habop MapamMeTpoB, 3HAYCHHS KOTOPBIX
3aal0TCSl TIPH HCIIOJIB30BAHUHM MOJENN JUOO TPUHUMAIOTCS PaBHBIMH 3HAYCHUSAM TI0
YMOJTYaHUIO.

ITpumep:

.SUBCKT MY _CIR IN OUT AGND

+ PARAMS: C1VAL=1 C2VAL=1 R1VAL=1 R2VAL=1 GAIN=10000

Cl1 IN NI {C1VAL}

C2 N1 OUT {C2VAL}

R1IN NI {R1VAL}

R2 N1 OUT {R2VAL}

EAMP1 OUT AGND VALUE={V(AGND,N1)*GAIN}

.ENDS

®ailnbl ¢ OMKMCAHUAMU MOJIeeil UMeIoT paciuupenus *.mod (COAEPKUT TOIBKO OJHY
Mojenb) uik *lib (comepXuT Kak OJHY, TaK M Ieayl OuOIUOTEeKY Mojenei) u
NPEICTaBISIIOT cO00 TEKCTOBBIE (hailiibl, KOTOphIE B TPHUHIMIIE MOTYT CO3[aBaThCsi B
JTF000M TEKCTOBOM PEIAKTOPE.

[Ipn co3pmanum Mojerneill TepBOro BuAa yA00HO MONB30BaThes Mporpammoi PSpice
Model Editor, Bxomsmeli B coctaB makera Orcad, xkoTopas 1o MHacHOPTHBIM JaHHBIM
pacCuMTBIBACT  MapaMeTpbl ~ MOJENeW  TOJYMPOBOAHHKOBBIX  NPHOOPOB  (AMOMIOB,
OWITONSPHBIX, TOJIEBHIX, CTATHYECKH WHAYIMPOBAHHBIX OHWIOJSPHBIX TPAaH3UCTOPOB,
MouiHeix ~ MOII  TpaH3ucTOpOB,  TpaH3uUCTOpPOB  JlapauHrTOHa,  MaKpoMOZEIeH
OTIEPAIIMOHHBIX YCWJIMTEJICH, KOMIApaTOpOB HAMPSHKEHUS, PETYIATOPOB HAMpsOKEHUS,
CTaOMIN3aTOPOB HAIPSDKEHUS W MOJIENEe MarHUTHBIX cepaedHukoB). Otmernm, uto Orcad
9.2 Lite Edition mo3BoJiieT paccuuTaTh TOJBKO MOJIETH JTUOIOB.

B kauectBe mpumepa pabotel ¢ mporpammoii PSpice Model Editor paccuntaem
napaMeTpsl MOJIEIH MOIYIIPOBOIHUKOBOTO Anoaa. CHavana o komanae File—Open



yKa3bIBaeTcs ums (paitina 6ubIuoTeku Moienei 1uo0B (eciu Takoro (aiiia He CyIIeCTBYET,
TO CO37aeTcs HOBBIN (aiin ¢ pacmupenueM .lib mo komanae File—>New). [lanee mo komane

Model—>New BBOAMTCS MMSI MOJEIU JAMOJA W B IpejiaraéMoM CIHCKE THIIOB MOjeieit
ykaszbiBaetcs ero tur Diode (puc. 4.1).

[Z2 ModelLib3.lib - PSpice Model Editor Lite

File Edt View Model Plot Tools Window Help

S e A e e e N W e e

Models List ]

Model Name TE

Model  [O_MY
FomModet [Dioge =] | Cancel
Help

A V 4 1A

Puc. 4.1. OxHo BbIOOpaA THIIA MOJACIH

[locnie BBOJJa MIMEHM U THIA MOJEIH Ha 3KPaH BBIBOAUTCS CIHCOK MapaMeTPOB MOJAEIU
(puc. 4.2). B neBoit yactu 3kpaHa NMPUBEAEH MEpPeUeHb MOJIENICH B TaHHOW OMOJIMOTEKE, B
MpaBoil — MepeueHb BBOJAMMBIX MACTIOPTHBIX JAHHBIX MapaMeTPOB MaTEMAaTUYECKONH MOJIETH
U uX rpaduyeckoe 0ToOpakeHne, B HUPKHEW 4acTU OKHA BBIBOJUTCS NEPEUYEHb MapaMeTpoB
MaTeMaTUYeCKONM MOJEIN, PACCUMTAHHOW Ha OCHOBE BBEJEHHBIX NACHOPTHBIX JdaHHBIX.
[lepBoHauanbHO BCEM MapaMeTpam MOJEIM MPUCBAWBAIOTCS 3HAYEHHUS IO YMOJIYAHMIO.
[laciopTHBIE JaHHBIE BBOIATCS IOPIUSMHU, COOTBETCTBYIOIIMMH PA3JIMYHBIM PEKUMAM
paboThl KOMIIOHEHTA.

L_,MathllhnMY PSpice Model Editor Lite - [Forward Cury

Forward Current
Toinclude this spec in the model

raction please enter two of more.
| data paints in the following table:
#]_ viwd trwd

. 8.6 0.8
o Ifud (27°C)
Forward Voltage

K —| _>l’I
| » " [ Fowerd Cur.. [ umction erse Le. | [ Reverse Br_| {3 Reverse Re. |

Param| Value | Minimum | Maximum | Default | Active
is 12014 1e-020 01 1014 2
N 1 02 5 1
RS 0001 1006 100 0001 2
IKF o [ 1000 0
il 3 -100 100 3
EG 11 01 551 (KD}
cio 1e012 1020 0.001 Te012
M 03333 01 10 03333
vy 075 03905 10 075
FC 05 0.001 10 05
5% 12010 1020 [X] 1e-010
3 2 [5 s 2
BY. 100 01| 1000000 100
BV 0.0001 1008 10 0.0001
T 56003 1e-016 0.001 52009
s

|Ready [ INOM Z

Il||||l|||l|||‘|§

LI e i i Y

Puc. 4.2. OKHO pelaKkTUPOBAHUS MOJIECIIH



BBoaumbie naHHBIE TIPU HAXXKATHH COOTBETCTBYIONIEH KHOMKHM (BBOA KOMaHIbI Extract)
HEMEIIEHHO oToOpakaroTcs rpadudecku. Ha ocHOBaHMM TOPIIMHM BBEICHHBIX TAaHHBIX IO
komaHae Extract paccumThIBacTCS ps MapaMETpPOB MATEMaTHYECKOW MOJETH, 3HAuCHUS
KOTOPBIX OTOOpa)katoTcs B okHe Parameters (cMm. puc. 4.2). PemaktupoBaHue 3HaUYCHHIM
OTIENBbHBIX PACCUUTAHHBIX MApPaMETPOB MATEeMATHUYECKOW MOJENH BBIMOIHSICTCS MOCIe
mienyka B coorBeTcTBYyIoneM okHe. [lo xomannme Plot—>Add Trace BO3MOXHO TOCTPOUTH
CEMEICTBO XapaKTEePUCTHUK MPHU BapHallMUd TEMIEPATyphl WU JAPYTUX MapaMeTPOB MOIEIH.
[lo ymomuaHuio mpeasiaraeTcs TOCTPOUTH TpadUKM XapaKTePUCTHK MPH HW3MEHECHUU
Temnepatrypel. MMs BappupyeMol MEepeMEHHON HW3MEHseTcs 1Mo Komanae Plot—Axis
Settings. Hanpumep, s auonoB Bo3MoxkHa Bapuanusa napamerpoB IS, N, RS, IKF, EG u
XTL

[TocTpoeHne Mojaenu 3aBeplIaeTCs KOMAHIOW 3amuch OOHOBICHHBIX HaHHBIX B
oubnuoteunslil paiin File—Save.

PSpice Model Editor nmo3Bossier Takxe peJakTUPOBaTh M CO37aBaTh MOJIETU BTOPOTO
BUAa (B BHJE IMOJACXEM), OJHAKO PEIAaKTHPOBAHHE MPOMCXOIUT B TEKCTOBOM BHUAC U HE
UMEET MPEUMYIIECTB MePea OOBIYHBIM TEKCTOBBIM PEaKTOPOM.

JUiss  co3maHusi CIOKHBIX MOJENe BTOPOTO BHJA MOXHO PEKOMEHIOBATh
ucnonb3oBanue mporpammel Capture. Ilpm 3ToM cHavama co3maercs NPUHIUIHAIbHAS
cXeMa, Ha KOTOpOH MOMEMIAI0TCS HepapXUUYeCKUEe MOPTHI, YKa3bIBAIOIIHE BXOJ U BBIXOJ
(manpumep mnpuBeneHHas Ha puc. 4.3, a). Hocme sToro HeoOxoauMo co3nath Gail,
COJEpKAINA OMUCAaHWE TMOACXeMBL. JIJis ~3TOr0  HEOOXOIMMO AaKTUBU3HPOBATH OKHO
MEHE/Kepa MPOEeKTa, MOCIIe YeTo U3 TOSBUBIIETOCS IMyHKTa MeHIO Tools BEIOpaTh MOIMYHKT
Create Netlist. B mosiBuBIIIeMcsi OkHe mepeiiieM Ha BkIaaky PSpice u Bbibepem B paszmene
Options nmyHkT Create SubCircuit Format Netlist (puc. 4.3, 6). Ilocme BbIOOpa MecTta
coxpaHeHUs U UMeHH (aiina HakMeM KHONKy OK — u Harra Mozenb ToToBa.

EEEEEEEEEEEEE I
= Create Netlist [x]

MJW iesQpions Windon_Heb ]
v EDIF200 PSpice | SPICE | VHDL | Verlog | Layout| INF | Other |

AR
o T N L o 1) = =1 o e vt
= e s e o |

Options

ol
% = I Create Hierarchical Format Netist Settings...
N = Setings. |
L =] [ Cieate SubCircuit Format Netist e
2 I Use Template: olis)x| 2]«
L1 IR E ¢ Descend PSpiceT emplate
[ (o} NotDesce
IN ouT &
g
[=]
a = @) I~ Place DRC markers for Errors and Wamings
E L
=|
[ -,
S NetiistFile: [~ View Output
|
B e Swichz\My_LIB.LIB Browse...
= 5
B dbi :
JPERE NN |
s :tg_;t y ol 0K | Omena | Copaexa
e O e[S RO

Puc. 4.3. Dransl co3gaHusi MOAEIN BTOPOTO BUIA

4.2. Co31aHue 3aKOHYEHHOTI'0 M0JIL30BATEJIbCKOI0 DJIEMEHTA

PaccmoTpum co3maHue 3aKOHUYEHHOTO OMOJMOTEYHOTO JJIEMEHTa Ha MpuMepe
pa3pabOTKH KJTI0Ya, 3aMBIKAEMOT0 B OTIPEICICHHBIA MOMEHT BPEMEHHU.
1. PazpaGoTaeM MoJemb KIItO4a, AJI Ye€ro co37AauM TEKCTOBBIN (haiisl, OMUCHIBAOITUI



HAaIlle YCTPOMCTBO C HCIOJIb30BAHUEM HMCTOYHHKA Tpamnelen1adbHbIX UMITYJIBCOB M KJIIOYA,
YIPaBIISIEMOT0 HAMIPSKEHUEM::
.SUBCKT Switch 1 2 PARAMS:
+ tClose=0; MOMEHT 3aMBbIKaHHS KJIIOYa
+ ttran=1u; BpeMsi cpabaThIBaHUS KIt0ua
+ Rclosed=0.01; conpoTuBiieHHEe B 3aKPHITOM COCTOSIHUU
+ Ropen=1Meg ; cOnpoTHUBIECHNE B OTKPHITOM COCTOSTHHH
V130 pulse(01 {tClose} {ttran} 1 10k 11k)
S11230 Smod
.model Smod Vswitch(Ron={Rclosed} Roff={Ropen})
.ends
CoxpanuM nonydeHHbIH Qaitn noa umenem Switch.lib.
2. 3anyctum nporpammy PSpice Model Editor. B menio File Boibepem mynkr Create
Capture Parts. B nosiBuBmemcs okue (puc. 4.4) B crpoke Enter Input Model Library ykaxkem

Gaiin, COJEPIKALINM CO3/IaHHYIO MO/I€JIb
‘ (C:\Switch\Switch.LIB), npu stom B ctpoke Enter

Enter Input Model Library: .
[CSwich\SwichLIB [Bomse | Output Part -~ Library mnosBuTcs mnpeajgaraeMoe

HazBaHuWe (haiiJa C ONHWCaHUEM CO37aBacMOro

e | | TCMEHTA (C:\Switch\Switch.olb), ¢ uemM MBI
cornmacumest, HaxkaB kHonky OK. Tlocne atoro Oyner
ok | cancel |  Hep | co3naun daiin oudmuorexku Switch.olb. OTmMeTuMm, 4TO
aHAJIOTUYHBIA  PE3yNbTaT MOXHO TOIYYUTh C
goMomipto  mporpammer  Capture, Il dYero
HeoOxoauMo B MeHI0 Tools BeiOpaTh myHKT Generate
Part. [Ipu 3TOM Takxe mpoucxoaut oopamenue k nporpamme PSpice Model Editor, ognako,
0e3 TosIBIICHUsI OKOHHOTO MHTepdeiica mocneanei. ['eHepalus 371eMEHTOB M0 YMOITYaHUIO
npoucxoautT Ha ocHoBe Oubmmoreku C:\Program Files\OrcadLite\Capture\ Library\
PSpice\modeled.etc. [Ipu HE0OXOAMMOCTH HM3MEHEHHUS 3TOH YCTAHOBKM HY)XHO B MEHIO
nporpammbl PSpice Model Editor BeiOpats myHkT Tools—Options u u3mMeHutb nyHKT Base
Part On.

3. B mporpamme Capture otkpoem Oubmmoreky Switch.olb (File—Open—
Library—Switch.olb). B mosBuBIIEMCS OKHE MEHEIKepa MPOEKTa JBAXKIbl IIEJIKHEM Ha
Ha3BaHWU d3JeMeHTa Switch, mocie dYero mMOSBUTCS OKHO € W300pakKeHHEM CHMBOJIA
DJIEMEHTA, TpenacTaBieHHoe Ha puc. 4.5, a. [lyHKTUpHas JNHHHUA OYEpPUMBAET TPAHUIIBI
DJIEMEHTa, KOTOPBIE JIETKO M3MEHSIOTCS C MOMOIIBI0 MBIIH. [Ipu ucmons30BaHue IeMeHTa
B CXeMe IpaHulia He n3o0paxaercs. C MOMOIIbIO TaHEIM WHCTPYMEHTOB, PAaCIIONIOKEHHON
CrpaBa B TJIABHOM OKHE, HapucyeM YCJIOBHOE Tpadudeckoe oOO3HaueHHe Kida. B
pesynbpTate noinyuum Y1 O, npencrabierHHoe Ha puc. 4.5, 0.

Enter Output Part Library:
|C:ASwitch\Switch.olb

Puc. 4.4. OxHO co3gaHus dJIEMEHTA B
nporpamme PSpice Model Editor

R BEE B SWITCHIOLBE SWITCH BEE
E U 3
u?
0, N
SWITCH 1 [2_—
TET| 5 T ';




Puc. 4.5. Oxno ¢ uzobpaxenuem YI'O snemenTa

User Properties

— Properties m

Name Value Attributes -
: Cancel I

Implementation Path
Implementation Type PSpice Model New...
Implementation SWITCH
Name SWITCH.Normal R Bemove
Part Reference u? RY
FPin Names Rotate True Display... I
Pin Names Visible Triue
Pin Numbers Visible True =l Help I

Implementation Path |

Puc. 4.6. Oxno User Properties

JIBaXXbI IIIEJIKHEM JICBOM KHOMKOW MbIM Ha OeinoM mojie okHa puc. 4.5, 0. B
pesynbrate nosiButcs okHO User Properties (puc. 4.6). Caenaem HEBUAMMBIMU HOMEpa
y3JI0B, JIJIsl 4ero miejakHeM Ha ctpouke Pin Number Visible, mocie dero B HmkHEH dacTu
okHa puc. 4.5 usmenum 3nauenue ¢ True Ha False. Cnenaem BuaumbiM napamerp TCLOSE,
JUISL 4ero JBaXKIbl LIEIKHEM JeBoM kHomkoi Mbimn Ha crpouke TCLOSE, mocne dero B
nosiBuBIiemMcs okHe Display Properties (puc. 4.7) B rpynne Display Format aktuBuzupyem
nepexitroyaTesnb Name and Value.

[Ipy HEOOXOAMMOCTH TaKUM K€ 00pa3oM MOYHO CJAeNIaTb BUAUMBIMH COTPOTHUBICHUS
KJI0Ya B OTKPBITOM U 3aKPBITOM COCTOSIHUSIX M IPYTHE MapaMeTphl.
3akpoem okHo User Properties, HaxaB kHoniky OK.

['padpuueckoe n3o0pakeHue MOTYyYUBIIETOCs 3JIEMEHTa MPUBEAEHO Ha puc. 4.8.

Display Properties |
B SWITCH.OLB - SWITCH [_[O]] |
) —Font 2
Name: TCLOSE Aial5 o
. ?
Value: IU Change... | Use Defaultl U
Display Format
. — Colar
" Do Not Display
 Yalue iy [ - | |
= —Rotation————
. . o €180 TCLOSE=0
‘oth if Yalue Exists 9 270
i o)
I 0K I Cancel Help
Puc. 4.8. I'paduaeckoe nzobpaxenue
DJICMCHTA

Puc. 4.7. Oxno Display Properties

Coxpanum 06uOIMOTEKY, BEIOpaB NyHKT Save MeHto File. Co3gaHue monb30BaTEIbCKOTO
OMOIMOTEUHOTO AIIEMEHTA 3aKOHYEHO.

[IpoBepuM (QYHKIIMOHMPOBAHHWE HAILIEro JJEMEHTa, [JIs 4Yero CO3/4aJUM HOBBIN
MPOEKT U cobepeM cxemy, npenctaBieHHyro Ha puc. 4.9. Ha puc. 4.10 a, 6 npuBeaeHbI
COOTBETCTBEHHO T'paUKM BBIXOJHOTO HampsbKeHUs npu 3HadeHusix napamerpa TCLOSE,
paBHbIX 0 1 5c.



A AN IA N TN A TN A
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8 / - (Proverka : PAGE1) (=] £ VY]
H a
1 | |
: IREE/RRERIAR
v\/g;EL D‘ TCLOSE=§ N T HQA A A A
FREQ=1 1k i VY] H|
= e 6
|
- ATOA Y SO -1 W L ¥ |
VIV N Y V
Lol r o
Puc. 4.9. Cxema nist nposepku Puc. 4.10. I'paduKy BBIXOIHOTO HANPSHKEHHS

(GYHKIIMOHUPOBAHUS dJIEMEHTa

[To puc. 4.10 MBI BUAMM, YTO CO3JaHHBIA OMOTMOTEYHBIH SJAEMEHT (QYHKIIMOHUPYET
MPaBHIBHO, T.€. 3aMbIKaHUE KITF0YA MPOUCXOUT B 33/laHHBII MOMEHT BpeMeHu. HebombIoe
MPOXOXK/ICHNE BXOJHOTO CHTHAlda HAa BBIXOA TPU PA30MKHYTOM KOHTAaKTE OOYCIOBICHO
HAJIMYUEM CONpPOTHBICHHS Ropen, koTopoe Mbl mpuHsim paBHeIM IMOM. YBennmdeHnue
3TOTO COMPOTUBIICHUS PUOIIIKACT CO3aHHBINA AIEMEHT K UACATbHOMY.

EnvHCTBEHHBIM HETOCTATKOM CO3JAHHOTO 3JIEMEHTa SIBISETCS TO, YTO OH HMEET
NO3UIMOHHOE o0o3HaueHne U, YTO HE - COOTBETCTBYET TMPHUHATOMY CTaHAAPTHOMY
0003HAYCHHUIO KIIFOUEBOTO dyieMeHTa S. J{Jist McTipaBIeHus 3TOr0 HEJOCTaTKa BHOBb OTKPOEM
OMOIMOTEKY C HAIIMM JJIEMEHTOM, s 4ero B mporpamme Capture B MEHIO BbIOepeM
nyHktel  File—>Open—Library—>Switch.olb.  3atem  BbiOepeM  NYHKTBI  MEHIO
Options—>Package Properties. B mnosBuBiiemcs okne Edit Part Properties B momne Part
Reference Prefix 3amenum U Ha'S.

Ecnu mpu mcnonp30BaHMM TOIB30BATEIBCKOTO dJIEMEHTa B cxeme mporpamma Capture
HE MOXXET HaWTH CO3/JaHHyl0 OHOMMOTeKY ¢ MOJENbIO DJIeMEHTa ¢  BBIIAeT
cooTBeTCcTBYMOMIEE coobiieHue oo omuoke (Hampumep ERROR — Subcircuit Switch used by
X S1 is undefined), T0 HEOOXOAMMO OTKPBHITH OKHO pPEJAKTHUPOBAHUA MPOQPUILS
MojenupoBaHusi (cMm. puc. 2.12), mepeiitu Ha 3aknaaky Libraries, yka3aTb B CTpOKe
Filename ums 1 myTh K OUOIMOTEKE, MOCIE YEero JUOO CleNiaTh CO3JaHHYH OMOJIMOTEKY
r1o0anpHOM (AOCTYNMHOM BceM mpoekTaM), HaxkaB KHonKy Add As Global, 1u6o no6aButh
€€ TOJIbKO K CO3/IaHHOMY MPOEKTY, HaxkaB KHOTNIKY Add to Design (puc. 4.11).

Simulation Settings - 1 | |
General | Analysis | Include Files ~ Libraries ISlimqus | Options | Data Collection | Probe Window |

Filename:

C:A\Switch\Switch.LIB Browse... I
Aibrary files * ‘ 4+ ] $ |

C:ASwitch\Switch. LIB* i

nom.lib* =

Add to Design I

Library Path

|"C:\ngram Files\OrcadLite\Capture\Library\PS pice" Browse... I

0K | OrtmMeHa | I'Ipumenmbl Cnpaeka




Puc. 4.11. OObsBIICHHE CO3IaHHOIT OMOJIUOTEKHA B KAUECTBE TII00AITBHON

Paccmotpum BTOpO#t TyTh co3MaHusi OMOIMOTEYHOTO 3JIEMEHTa, TP KOTOPOM (haiii
*.0lb HE reHepUpyeTCs B aBTOMAaTUYECKOM PEXKHIME, a CO3AaCTCS BPYUHYIO.

1. PazpaGotaem Mozenp KiIro4ya TakK ke, Kak 3TO ObUIO CIIEIaHO BhIIIE.

2. 3anyctum nporpammy Capture u co3gaauMm HoByto Oubmuoreky (File—>New—
Library). IIpucBoum HOBOI 6ubIMoTeKe uMsi Switch2.0lb, aisg yero coxpanum ee moja 3TUM
uMeHeM kKoMmaHaoi Save As. Co3gaauM HOBBIN JIEMEHT, JUIS YETO BBIICIHM B MEHEKEpe
MPOEKTa 3aroJ0BOK OMOIMOTEKH OAHHMM IIEITYKOM JICBOM KHOITKOW MBIIIH, 3aTEM IIEIKHEM
npaBoil KHOMKOW U BbiOepeM NMyHKT New Part (puc. 4.12). B pe3ynbrare NOSIBUTCS OKHO
New Part Properties (puc. 4.13).

B rpade Name nanHoro okHa ykaxkem ums sneMmenta (Switch). B rpage Part Reference
Prefix HeoOxonumo yka3aTh 0003Hau€HHE AJIEMEHTa Ha cxeme (HanpuMep Ui pe3ucropa —
R, xonnencaropa — C u 1.1.). [{nsg kimroua BeiOepeM cranaapTHoe ob6o3HaueHue S. B rpade
PCB Footprint yka3piBaeTcs MOCaAOYHOE MECTO, KOTOpOE OYAET HCIIOJIb30BaThCS IPH
pa3paboTKe meyaTHOW IuIaThl. Tak Kak B JajbHEHIEM HE MPEAroiaracTcsl MCIOJIb30BaTh
HAIIl PJIEMEHT I pa3paboTKH MeuaTHO! TIaThl, TO OCTaBUM 3Ty rpady MycToH.

@i LIBRARY12 =] B3
PCB
1 File I ™8, Hierarchy |
S5 oo e
=-E3 Library Name: | 0K I
[=RESSE C:\Switch\SWwITCH2.0LB New Part
£ Library Cache New Symbol Part Reference Prefix: Cancel I
£ Outputs Li i
ibrary Properties e, .
3 Referenced Projects G ECB Footprint: I M
Save As... I | Create Convert View Attach Implementation... I
Part manager Multiple-Part Package
Parts per Pkg: I1 $I

&+ Alphabetic
€ Numeric V' Pin Number Visible

¢ Homogeneous

Package Type
{ " Heterogeneous

|, Part Numbering

CASWITCH\SWITCH2.0LE

Puc. 4.12. Co3manue HOBOTO DJIEMEHTA Puc. 4.13. Oxno New Part Properties

ITepexmtouatens Create Convert View mnpenHazHadeH Uil CO3JaHUSI allbTEPHATUBHOIO
n300paxeHnuss dyeMeHTa (eclid  CYHIECTBYIOT HECKOJIBKO BapUaHTOB  MPUHSTHIX
0003HaYCHUIN).

Paznen Multiple-Part Package npenHazHaueH 1151 yKa3aHUsl KOJMYECTBA PJIEMEHTOB B
OJIHOM KOpITyce, MPH ATOM JJIEMEHThI MOTYT OBITh Kak omHoTunHbiMH (Homogeneous),
HarpuMep, BCe JIEMEHTHI — HHBEPTOPHI, Tak U pazHoTunHbiMU (Heterogeneous), Hanmpumep
KpOM€ UHBEPTOPOB B KOPITYC BXOJAT Takxke anemeHnTs NJIN.

Paznen Part Numbering mno3BoiseTr ykazarb cHoco0 HyMepalud 3JIE€MEHTOB:
Alphabetic — 6ykBeHHbIH, Numeric — YUCIOBOM.



Knonka Part Aliases mMo3BoJIIET NPUCBOUTH DSJIEMEHTY OJMH WM HECKOJIBKO
MICEBJJOHUMOB, YTO IO3BOJISIET YMEHBIIUTH pa3Mep OMOIMOTEKH 3a CYET MCIOJIb30BAHMS
OJIHOTO OMOJMOTEUHOI0 AJEMEHTa IJIsi ONMHCAHUS PA3NTMUYHBIX MPUOOPOB C OJIMHAKOBBIM
(GyHKUIHOHATBHBIM Ha3HAYEHUEM (Hanpumep:

Implementation Type = | K164J1IA7, K561JIA7, K1564J1A7).

| —— Knonka Attach Implementation no3Bossier
[l n00aBUTh OMHCAaHWE, B TOM YHCIE MOJIEIb s
;::'i::“ta"m o || mporpammer  PSpice (puc. 4.14). B rpade
Implementation ykaxxem umst mojenu Switch.
[locne noGaBneHusi MOAEIU 3aKPOEM OKHO pHC.
4.13, naxaB kHonky OK.

|PSpice Model

Implementation Path

l

Erowse

Puc. 4.14. Co3naunune cBs3u
¢ PSpice monenbio

B pe3ynbTare moiayuynM OKHO pelaKTHpOBaHUS deMeHTa (puc. 4.15).
Jlo6aBuM BBIBOJBI 3JIeMEHTa, HakaB KHoOmKy BriBonm (Place Pin) (cm. tabdn. 2.3)
MIaHEJIM UHCTPYMEHTOB. [Ipy 3TOM MOsSBUTCS OKHO, MOKa3aHHOE Ha puc. 4.16.

Place Pin 3
S? = N
ame: :
r e
|| |L|ne =l
Number; Type: %
l lPassive ﬂ User Properties... |
Width Help |
' Scal =
e ¥ | Binisible
" Bus
<Value>
it =
Puc. 4.15. OxHO perakTupoOBaHus Puc. 4.16. Oxno co3nanus BEIBOJA
3JIEMEHTA 3JIEMEHTA

PaccmoTpuM HazHayeHue noJiei:

Name — ums y3:1a. MoxeT ObITh Kak uppoBoe, Tak 1 OykBeHHOe. [Ipu HeobxoanumMocTH
BBOJIa UMEHHU C YEepPTOil BBEpXY, HY)KHO MOCIJE KaX/10H OYKBBI MOCTABUTH CIAII (HAIIPUMED
R\E\S\E\T\).

Number — HoMep y351a (MOKHO HE yKa3bIBaTh).

Width — tun BeiBoma. Eciam BbIBOA COEIMHEH € OAMHOYHBIM ITPOBOJHUKOM,
He00X0/IMMO BbIOpaTh Scalar, npu coeMHEHUH BbIBOJA C IIMHOM — Bus.

Shape — Bux rpadguueckoro n300paxxeHus: BHIBOA:
—— _ine;
p—— Dot;
+—— — Clock;
L— — Dot-Clock;

— — Zero;
2



— Short;

Type — Tun BbIBOJA IO PYHKIITMOHAIBHOMY Ha3HAYEHUIO:

3-state — BBIBOJ C TpeMsi COCTOSIHUSIMU (HU3KUW YPOBEHb, BHICOKUU YPOBEHbD,
BBICOKOOMHOE COCTOSIHUE);

Bidirectional — 1ByHanpaBiieHHbIN BBIBOJ (BXO/I-BBIXO);

Input — Bxoz;

Output — BeIXO[;

Open collector — OTKPBITHIN KOJUIEKTOP;

Open emitter — OTKPBITBIN SMUTTEDP;

Passive — maccuBHbIM BbIBOJ. [lacCMBHBIN BBIBOJ OOBIYHO HCHOJB3YETCS B
YCTPOICTBaX, HE COAEp)KALUUX HCTOYHUKOB PHEPrUu (HampuMep TaKue BBIBOJBI HUMEET
pE3UCTOP).

Power — BbIBO/I MUTAHUS WITHA 3EMIIH.

[lepexmtouatens Pin Visible no3BossieT oto6pa3uts win yopath n300paxxeHue BbIBOIOB
MUTaHUS.

Knonika User Properties oToOpakaeT COOTBETCTBYIOIIEE OKHO, NTO3BOJISIIONIEE yKa3aTh
JIOTIOJTHUTENIbHBIE ~ CBOMCTBAa  BBIBOJA, a  TakkKe MPOM3BECTU  pEAAKTUPOBAHHE
CYLIECTBYIOLIUX.

JloGaBuM aBa maccuBHBIX BbIBOAA B (popme nuHuun (Line) ¢ umenamu 1 u 2. Tlocne
ATOr0 HapucyeM rpaduueckoe n300pakeHne KIo4a Tak ke, Kak 3TO ObLIO C/IEJIaHO BHIIIIE.

B ornuumMe oT mepBOro BapHaHTa CO3JaHUs OMOJMOTEYHOrOo 3JeMEeHTa IabJIoH
PSpiceTemplate, HeoOXoauMBIA UIsi MOAEIMPOBAHUS C TOMOIIBIO mHporpammbsl PSpice,
aBToMaTu4ecku He cospaercs. [loaTomy go0aBuUM €ro BpYYHYIO, JUJIsSi YEro, JBaK[bl
IIEJIKHYB JIEBOM KHOMKOW MbIK Ha OesioM ¢onHe, nepeitaem B okHO User Properties (cwm.
puc. 4.6). Haxxmem kHonky New, B osiec Name BBenem umsi PSpiceTemplate, B mone Value
BBEJIEM 3HaUYCHHE (CTPYKTYpa MPUBEACHHOTO ONMUCaHUsI Oy/IET MOsSCHEHA HUXKE):

X @REFDES %1 %2 @MODEL PARAMS: 9?TCLOSE|TCLOSE=@ TCLOSE|
TCLOSE=0|?TTRAN|TTRAN=@TTRAN|TTRAN=1U|?RCLOSEDRCLOSED=@RCLO
SED|[RCLOSED=0.01[?ROPEN|ROPEN=@ROPEN|[ROPEN=1MEG]|,

3ateM HaxMeM KHOnkKy OK.

N m Ananornuno co3gaauMm  napametpel TCLOSE, TTRAN,

3 RCLOSED, ROPEN, cnenas napametp TCLOSE BuauMbIM.

OKOHUaTeNbHBIA BHUJ TOJYYUBIIETO 3JIEMEHTa MPUBEIACH
S? Ha puc. 4.17.

% JIns  TpoBEpKM  MPABUIBLHOCTH  (DYHKIIMOHUPOBAHUS

L CO3JaHHOTO 3JIEMEHTa BKIIOUMM ero B cxemy puc. 4.9. [locne
TOLOSE = 0 MOJICJIMPOBAHUS TOJYYUM T€ ke TpaduKu, 4To U paHee (CM. puC.
4.10), 49To TOATBEPXKAAET PabOTOCIOCOOHOCTH  HOBOIO
AIIEMEHTA.

HaubGonee cnoxkHbBIM 3TarioM TMpUd BTOPOM crHocoOe
cCo3JaHusl  dBJEMEHTa  SBJISETCSs  HamucaHue  I11alJoHa
PSpiceTemplate. Paccmorpum cTpykTypy 3TOrO 1m1abioHa 6osiee moapooHo.

[Ila6ioH cocTOUT W3 chucka aTpuOyTOB. ATpUOYTHI, COCTOSIIHE W3 CTaHAAPTHBIX
CUMBOJIOB, KOMHUPYIOTCS B CIHMCOK COeIMHEHHH 0e3 m3mMeHeHuH. CTaHmapTHbIE CHUMBOJIBI
COCTOSIT W3 aln(aBUTHO-IIU(PPOBBIX CHMBOJOB, 3HAKOB «$»,« », MpoOEIOB M 3HAKOB

sl o LIﬂ

Puc. 4.17. OxoHYaTENbHBINA
BUJ DJIEMEHTA




nyHKTyanuu. Eciiu nepen nMeHeM aTpuOyTa MOMEIICH CHEIUAIbHBIN 3HAK «(@», «7», «~»,
«#» wmm «&», TO B 3aBUCUMOCTH OT €ro BHJa aTpUOYTHl IA0JOHOB 3aMEHSIOTCS
CJICAYIOINMHU BEIMYNHAMU:

@<umsi> — 3HaYeHueM aTpulOyTta <ums>. B oTCyTCTBHE yKa3aHHOTO aTpulyTa WU ero
3HAYEHMS BBIJIACTCSI COOOIIIEHNE 00 OIIMOKE;

&<uMS> — 3HAYCHUEM aTpuOyTa <UMS>, €CJIM ATOT aTpUOYT ONPEICIICH;

2<uMs>s...S — 3aMEHSIETCS TEKCTOM, MOMEIICHHBIM MEXIY OJMHAKOBBIMH CUMBOJIAMHU
S, €CJIM aTpUOYT ONpe/eseH;

~<UMS>S...S — 3aMEHSIETCS TEKCTOM, MOMEIICHHBIM MEXAY OJMHAKOBBIMH CHMBOJIAMHU
S, €CJIM aTpUOYT HE ONpE/IeNeH;

#<UMSA>S...S — TMPOU3BOMAATCS TE€ K€ JACUCTBUS, YTO TMPU HATUYUU 3HaKa «?», HO
ocTajibHasl YacTh 11a0J0HA yAAISETCS, €ClIM <UMS> HE ONpeEeIeHO.

CumBOJIBI S, OrpaHUYUBAIONIME TEKCT, MOTYT OBITh JIOOBIMU Heal(paBUTHBIMU
CUMBOJIAMM (CaMM OHHM B CIIHCOK COEJWHEHUW HE TNepeHocaTcs), Hauboyiee 4YacTo
UCIIOJIB3YIOTCS CIEAYIOLIUE: « . », « , », « /M, « | ».

BHyTpu »3TOro TeKcTa JOMyCKaeTcsl BIOXKEHHUE, T.€. pa3MelleHre aTpuOyToB,
TIpeABapsieMbIX CIEIUaTbHBIMU 3HAKaAMU.

3Hak «"» Takke crnenuaibHbId. OH 3aMEHseTCs yKa3aHUEM MOJHOTOo MyTH JOCTyIa K
KOMIIOHEHTaM, UMEIOIIUM HEePApPXUUYECKYI0 CTPYKTYpY. JIsi KOMIIOHEHTOB, HAXOJSIIIUXCS
Ha BBICIIEM YpPOBHE HEpPApXWU, B CIHCKE COEAWHEHUM OSTOT 3HAK 3aMEHSETCS 3HAKOM
MOAYCPKUBAHUS «_ ).

[locnenoBaTenbHOCTh 3HAKOB «\n» MPUBOAUT K TIEPEXO1Y Ha CIEIYIOUIYIO CTPOKY
B criicke coeauHeHui. Tak uro mabnon PSpiceTemplate, koTopslil pazmeniaeTcss Ha OJTHON
CTpPOKE, MPaKTUYECKU HE OTPAHMYCHHOM  JJIMHBI, B CIHCKE COCJAMHEHUUW MOXET OBITh
pa3MeIlleH Ha HECKOJbKHX CTpokax. Kpome TOro, TakuM CHocoOoM B 1I1a0JoHe
PSpiceTemplate moxHO omnucarh MOAKIIOYEHUE K OCHOBHOMY KOMIIOHEHTY psiaa
JIOTIOJIHUTEIIBHBIX (HApUMEp, YU4e€CTh CONMPOTHBIICHNE MOTEPh KATYIKH UHIYKTUBHOCTH U
T.IL.).

HNmena BbIBOJIOB B 11a0JI0HE NpenBapsroTcss 3HakoM «%». ViMeHa BBIBOJIOB CHMBOJIOB
MEPEUYUCIISAIOTCS B IA0JIOHE B TOM MOPSIIKE, B KOTOPOM OHH JOJKHBI OBITh 3alMCaHbI IS
Ka)XJOr0 KOMITOHEHTa 1o mnpasBwiaMm PSpice. B cnucke coequHeHUH OHM 3aMEIalOTCs
MMEHAMHU 1IeNeH, K KOTOPhIM OHM TOJCOCAMHEHBI Ha cxeMe. B mabioHe 1moj MMEHEM
BbIBOJIAa TOHUMAIOTCS BCE€ CHUMBOJIBI, PACIOJIOKEHHBIE MEXKAY CHUMBOJIOM «%» M TEPBBHIM
paznenuresieM (MpoodeIoM UK 3amsTo ).

B mabnone PSpiceTemplate nMeHa KOMIOHEHTOB B CIUCKE COCAMHEHUN JOJKHBI
HauMHaThCs C mnpedukca, obo3Hauarmero ux tun (R — pesucrop, Q — OuMoONApHBII
TpaH3UCTOp, X — MoJIcXema H T.I1.).

B xauecTBe npumepa paccMOTpuM 1IAa0JI0H pe3ucTopa, uMeromero Asa y3ia (1 u 2) u
nBa Tpedyembix cBoiicTBa: REFDES u VALUE.

3anumiem mabdion PSpiceTemplate:

R"@REFDES %1 %2 @VALUE.
[Ipu ucnoyib30BaHUM TAKOr'O pe3UCTOpa B cxeme crucok coequHenuit (Netlist) moxeT
nMeth Bua R_R15 23 0 10K; npu atom REFDES paBno R15, VALUE pasno 10K, pe3uctop

BKJIFOYEH Mexkay 23 u 0 y3nmamu.
PaccmoTrpum mabiion mojcxembl Z, uMmeroliedl ABa y3na (a u b) U U3MEHseMbIi



napaMmeTp noacxemsl G, no ymondanuto pasnbiii 1000:
XMN@REFDES %a %b Z PARAMS: ?G|G=@G|~G|G=1000|.
JlanHbIH 111a0JIOH MOXKET OBITH 3anucad 1 B hopme (eciu ... TO)
XM@REFDES %a %b Z PARAMS: ?G|G=@G||G=1000]|.
[Ipy wWCMONB30BaHUM TMOACXEMBI B CXEME CIHCOK COCAMHEHHH MOXET HMETh
CIEIYIOIINUMN BU:
IIpHU yKa3aHuu 3HaueHus G, paBaom 150:
X U32511 ZPARAMS: G=150;
IIPU OTCYTCTBUM yKa3zaHus 3HadeHus G:
X U3 2511 ZPARAMS: G=1000.

4.3. Co31aHue N0Jb30BaATEJIHLCKUX CHMBOJIOB

K cumBonam B mporpamme Orcad oTHOCATCS: CUMBOJBI 3eMiu U nutanus (Power),
Mexxctpannunbie coenunutTenu (Off-Page Connector), nuepapxuueckue noptsl (Hierarchical
Port) u ocuoBubie Hannucu (Title Block). Habop cruMBoIIOB, MOCTaBIsIEMBbIX C TPOrpaMMOit
Orcad, HaXOJUTCS B oubnuorexe o aapecy C:\Program
Files\OrcadLite\Capture\Library\capsym.olb. K coxanenuto, He BCe U3 HUX COOTBETCTBYIOT
TpeOOBaHMSIM  OTCUYECTBEHHBIX CTAHIAPTOB, - MOATOMY BO3HHKAEeT HEOOXOIUMOCTH
PEIaKTHPOBAHMSI  CYIIECTBYIOIIMX W  CO3/[aHUS OPUTHHAIBHBIX TOJB30BATEIBCKUX
CHUMBOJIOB.

Haunbonee akryanpHOU 3amaueil sSBISETCS CO3aHWE OCHOBHBIX HAJIHUCEH, MOITOMY
paccMOTPUM JIaHHBIX TIpoliecc 6ojee MmoApPoOHO.

Y ——— | CoznaguM HOBYIO OMOJIMOTEKY, AJii YEero B

nporpamme Capture BBITIOJIHUM IYHKTBI MEHIO
i File>New—Library. B  mosgBuUBIIIEMCH  OKHE
My Title Y N N
Cancel | MEHE/Kepa TMpOoeKTa IIEJIKHEM IMPaBoi KHOIKOM
— Symbol Type Help I MBI Ha Ha3BaHUU OMOJMOTEKH W BBIOEPEM ITyHKT
" Power New Symbol (cm. puc. 4.12). B nosiBuBIieMcsi okHe
 OffPageWinned P New Symbol Properties (puc. 4.18) BBegem ums
 Hierarchical Port Hamero cumBosia (My Title) u BbIOEpeM ero Tum
. (Title Block). [Tocne nHaxxatus knonku OK nepeiinem
mﬂ B OKHO pEIaKTUPOBAHMUSI CHUMBOJIA, AHAJIOTHYHOE
1L OKHY peJaKTUpOBaHUs dJIeMeHTa (cM. puc. 4.15).
Puc. 4.18. Oxno New Symbol Properties C IMOMOIIBIO WHCTPYMEHTOB penaxkTopa

cuMBOJIOB (puc. 4.19, mosicHeHus MPUBEACHBI B Ta0.

I <] 2 2) zapucyeM TpeOyeMyr0 OCHOBHYIO HalIHCh, IIPH

: - ATOM BCE€ TMOAIWCH BBINOJHUM C TOMOILIBIO
[x o] ~|~|0je[>]Al g "
| uHCTpyMeHTa «Tekcry.

Puc. 4.19. UncTpyMeHTHI penakTopa [TomyunBIIasicss OCHOBHAsA HAANMCH IPUBEICHA
CHUMBOJIOB Ha puc. 4.20.

Hama ocHoBHasg Haamuch MOKa HE COHCPIKUT

CBEJICHHM, OTHOCSIIUXCS K pazpaboTunKaM, T.e. He 3anoyiHeHbl o «Pa3pab.», «IIpoB.» u




T.HO. 3amnojiIHeHUEe 3THUX IOJIeH C IMOMOIIIBbKO MHCTPYMCHTA «TekcT» MMpUBCACT K CO3JaHUIO

CHUMBOJIa

C OI'PAaHUYCHHBIMH BO3MOXHOCTAMH HCIIOJIB30BAHUA,

4dTO MPOTUBOPCUYHUT

KOHICIIOHUHU CO3JaHUA OMOJIMOTEYHBIX DJIEMEHTOB.
B 10 xe BpCMA Orcad O6JlaI[aCT BO3MOKHOCTSIMH aBTOMATHUYECKOTO 3alOJIHCHUS I10JIeH

OCHOBHOM HaIluCu IIpu CO3JaHUM HOBOI'O IIPOCKTA,

Impun 35TOM aBTO3aIIOJIHCHHC

MMPpONU3BOAUTCA B COOTBCTCTBHUU C YCTAHOBKAMU radjaoHa Design Template, JJIs1 N3MCHCHMUA

Piam. | Nucer.

Ne goxym. Moan. Dara

Mpos.

T. KOHTP.

Ty, Macca Macwrad

Jincr l Jlncros

H. KoHTp.

'
'
'
'
'
'
'
'
'
'
:
'
'
! Paspao.
'
'
'
'
'
'
'
I
1
'
'
'
'

Puc. 4.20. OcHOBHAs HANAINCH

OT10HM Ha HEKOTOPOE BPEMsI IIPOLIECC CO3/IaHKsI OCHOBHOM HAJIKUCH U PACCMOTPUM
BO3MOXKHOCTH aBTo3arnoiHeHus. BeimomauM myHkTel MeHIO Options—Design Template,

Design Template [ x]

Fonts  Title Block |Fage Size] Grid Relevencel Hieran:hyl SDT Compatibiﬂyl

~Text
Title:

DOrganization Name:

Organization Addres:

Document Number:

Bevision:

Organization Address 1:
Organization Address 2:
s 3

4

Organization Address

I
I
I
I
I
I
I
CAGE Code:

Symbol
Library Name:

Title Block Name:

o]

OTiera I Cnpaska I

Puc. 4.

21. Okno Design Template

nmocie dero nmepedgem Ha Brianky Title Block.
[losiBUTCS OKHO, IIpuBeeHHOE Ha puc. 4.21. JleBAThb
noJieil, 00beAMHEHHBIX B Ipymny Text, JOCTYIMHBI AJIs
BBOJIa JTAHHBIX, UCIIOJIb3YEMBIX TP aBTO3AMOJHECHHH.
Jsi peanuzanuu 1aHHOW BO3MOMXKHOCTH HEOOXOJIUMO
BCTaBUTH B OCHOBHYIO HAJIIMCh CCHUIKM Ha ATH TOJIS.
3akpoem okHO puc. 4.21 wu BepHeMcs K
pPEIAKTUPOBAHUIO CUMBOJIA.
[llenkHem nBa pas3a JIEBOW KHONKOM MBIIIN B
OKHE PEIaKTOpa CUMBOJIOM (JTUOO BBIOTHUM MYHKTBI
MeHio Options—Part Properties), B pe3ynbTaTe 4ero
nepenieM B OKHO PEJaKTHPOBAHUS CBOMCTB CHUMBOJIA

(puc. 4.22).. Co3gaarM HOBBIHM MapameTp, UIsl Yero HakMeM KHONKy New. B nosiBuBmemMcs
okHe (puc. 4.23) B rpade Name BBeleM Ha3BaHUE IIapaMeTpa B COOTBETCTBUU C Talm. 4.1,
rpady Value octaBum mycroii.

User Properties | ¥|

(= -
Fropertie:

Name

Name

Cancel I
New... |
Hemoye
Display... I
Help |

Value Attributes

My Title

Puc. 4.22. OxHO penakTUpOBaHuUs

CBOMCTB CUMBOJIA

New Property [ X]

ITitIeI K

Name:

Value: I Cancel

Help

Pl

Puc. 4.23. OxkHO cO3/1aHMsI HOBOTO
napamerpa



Tabmuma 4.1
Ccputku Ha o mabnona Design Template

Ha3BaHu.e noJjisi B adJioHe Hassanue napamerpa
Design Template
Title Title
Organization Name OrgName
Organization Address 1 OrgAddrl
Organization Address 2 OrgAddr2
Organization Address 3 OrgAddr3
Organization Address 4 OrgAddr4
Document Number Doc
Revision RevCode
Cage Code Cage Code

3aKkpoeM OKHO CO3/IaHMsI HOBOTO MapaMeTpa, B OKHE PeIaKTUPOBAHMS CBOMCTB CUMBOJIA
HaxMeM KHomky Display, 3atem yctanoBum Buaumocth Value ‘Only. Jlns Toro yrtoOsbl
HAJIUCh MOXHO OBLJIO 3allOJIHUTh HAa PYCCKOM si3blke, B paznene Font HaxkmeM KHOMNKY
Change, 3atem B moie HabGop cumBoiOB BblOepeM NyHKT Kupusuia. AHaJIOTHUYHO
CO3/IaauM JApyrue mapameTphl. i Toro 4ToObl BCTaBUTH ATy, HEOOXOJUMO B KauecTBE
Ha3BaHUs napameTpa BeiOpath Design Create Date.

YacTh OCHOBHOW HAJMWCH C CO3AAHHBIMHU aBTQ3aIOJHSEMBIMH TMOJSMHU TPUBEICHA Ha
puc. 4.24, npu ostoM s BBoJa  (amuiuid
pazpaboTyuka,  KOHTpojiepa U  IMPOBEPSIOLIETO
ucnoib3oBanbl mois  Organization Address (aapec
opraHuzauuu), T.K. aJpec OpraHu3aluu COIIACHO

I'OCTy B OCHOBHYIO HAJAITUCh HE BXOJIUT.

;::::5 :2:::::2: CoxpaHMM CO3JJaHHYIO OHMOJNMOTEKY, BBHIIIOJIHHB
T koup. <Orghddrd> nyHkTel MeHio File—>Save As (nmpu stoM ansa Toro,
YTOOBI COXpPaHUJIACH
MMEHHO Oubnmorexka c pacimmpeHueM (daitma *.olb,
HEO0OXO0JMMO, YTOOBI B OKHE MEHEKEpa MpoeKTa ObLIO
Puc. 4.24. YacTh ocHOBHOM Hagmucn  BBIAETICHO Ha3BaHMe OMOMMoTeKku (cM. puc. 4.12)).

[TpoBepum G YHKITMOHUPOBAHHE HAaIIIEeTO
aneMmeHTa. s sToro mpousBeneM peaaktupoBanue 1mabdimona Design Template, 3anonnus
HEOOXOAWMBIE TOJIA B Tpymme Text B COOTBETCTBHM C BBIOPAHHBIMH CBSI3SIMH C TIOJISIMU
OCHOBHOM Hajmnucu. Takke He0OXOAUMO 3aMOJHUTH MOJIs B Tpynme Symbol, ykazas B rpade
Library Name Ha3BaHUE CO37JaHHOW OWMONMOTEKH C TONHBIM TyTeM K Hed (Hampumep
C:\Program Files\OrcadLite\Capture\Library\MyLib.olb), a B rpade Title Block Name —
Ha3BaHUE CO3JaHHON OCHOBHOM HajmucH (B HamieMm cirydae My Title).

Co31aB HOBBIN TPOEKT, YOeAMMCS, YTO MECTO OCHOBHOUM HAJINWCH 3aHsJa CO3/IaHHAs
HaMU HAJIIIMCh, TIPX 3TOM TIOJIS C aBTO3AIMIOJIHEHHEM UMEIOT MPaBUIIbHBIC 3HAUCHHUS.

Ham. | fner. Ne nokym. Moan. Jlara

H. koHTp.

¥1B.




5. OIITUMU3ALIUA PABOTbBI DJIEKTPOHHBIX CXEM

5.1. OCHOBHBIEC MOHATHS

B nmnponecce aHanmza 3JEKTPOHHOM CXEMbl, CO3JaHHOM pa3paOOTUMKOM, MOKET
OKa3aTbCs, YTO €€ (PYHKIIMOHMPOBAHHUE HE BIIOJHE OTBEYAaET TPEOOBAHMSIM TEXHHUYECKOTO
3allanud. Takoe pacxXoKJIeHHe 4alle BCero OOYyCIOBIEHO TEM, 4YTO COBPEMEHHBIE
AIIEKTPOHHBIE CXEMBI COJEPKAT OOJBIIOE YUCIO HEIMHEWHBIX 3JIEMEHTOB, B CHIIy YEro s
pacdera CXEMbl HCIOJNB3YIOTCA MPUOJMKEHHBIE METOJbl, OCHOBAaHHBIE Ha pPa3IUYHBIX
BapuaHTaXx JIMHEAPU3alIUH.

Jlist focTxkeHus: TpeOyeMbIX TEXHUUECKUX XapaKTepUCTUK HEOOXOIUMO NMPOU3BECTH
KOPPEKIMI0 TEpPBOHAYAJIBHBIX 3HAYEHUW MapaMeTpoOB OJIIEMEHTOB c¢XeMbl. s 3Toro
CYILIECTBYIOT JIBa MyTH:

1. MHoOrokpaTtHoe MOJEIMPOBAHUE CXEMbl NPU PYYHOM HM3MEHEHMH NapamMeTpoB
AJIEMEHTOB C LIENbIO OMNpEACNICHUs BIUSAHUS KAXKIOTO U3 HUX Ha 3HAYEHUs TPeOyeMbIX
BBIXOJHBIX  XapaKTEPUCTUK C MOCIEAYIOIUMHU MOAOOPOM M (QuKcauuenr TpedyeMbIx
3HAYECHUM.

2. ABTOMaTM3UpPOBAaHHBIM MOA0Op NapamMeTpoOB C MOMOIIbI0 mporpammbl  PSpice
Optimizer.

Bropoii myTh MO3BOJSET 3HAYMTEIHHO COKPATUTh 3aTpaThl MAIIMHHOTO BpPEMEHU U
yCUJIUA pa3padoTyuKa.

[lepen ucnonb3oBanuem rnporpammel PSpice Optimizer ganum onpeeneHus OCHOBHBIM
TOHSATHUSIM

Ontumumsanus (Optimization) — Opolecc TOYHOM HACTPOUMKH PabOThl CXEMbl IMyTEM
BapualMu €€ IMapaMeTpoB [0 JOCTHKEHHUS 3aJaHHOro (Wiau Haubonee OJIM3KOro K
3aJIaHHOMY ) 3Ha4€HMsI IJ100aJbHOM 11eeBON (PYHKITHH.

PSpice Optimizer mo3BoJisIeT MPOU3BOAUTE CIETYIONTNE BUIBI ONITUMU3AIINH:

OnTtumuzanus 6e3 orparnudenuii (Unconstrained optimization). Ilpu 3ToM BeIuncasieTcs
AKCTPEMYM OJTHOM 11eJIeBOM ()YHKITHU.

Ontumuszanuss  npu  orpanudeHusix (Constrained optimization). Beruucnsercs
HDKCTPEMYM OJHOW 1eNeBOM (YHKUMM TPU BBIIOJHEHUHM OJHOTO WM HECKOJIBKUX
HEPaBEHCTB.

MuHuMu3aus Mo METoly HauMEHBIIMX KBaapaTroB 0e3 orpanuueHuid (Unconstrained
least squares). MUHUMH3UPYET CYMMY KBaJpaToB OMIMUOOK (pa3sHUIl MEXIY 3aJaHHBIMHU U
TEeKYHIUMU 3HAYEHUSIMHU ) JUIsl HAbopa 11eJIeBbIX PYHKIUH.

MuHuMuM3aIMs M0 METOAY HaUMEHbIIUX KBaApaTtoB npu orpannyeHusx (Constrained
least squares). MUHUMUBUPYET CYMMY KBaJpaToOB OMMOOK JjIsi HAOOpa LeNeBbIX (YHKIUH
IIPY BBITIOJTHEHUH 33/1aHHBIX HEPABEHCTB.

IMapamerp (Parameter) — cBolicTBO cxembl, aisi KoToporo PSpice Optimizer
NBITACTCS ONPENEIUTh Jydllee 3HAaueHHEe B 3aJaHHBIX IMOJb30BaTejeM Ipejenax. B
KauecTBe MapamMeTpa MOXKET UCIIOJIb30BaThCA:

HOMUHAJI 3JIEMEHTa (HanmpuMep €eMKOCTh KOHJIEHCATOPa);

Jpyroe CBOMCTBO 3JIEMEHTa (HaIpUMeEp MOJIOKEHUE JBUKKA MOTEHIIMOMETPA);

YJIeH BBIPAXKEHUS, ONPEESIONUMI CBOMCTBO AneMeHTa (Hampumep KodhdHUIMeHT B
3aMKCcH NMepeaTOuHON PYyHKIUN).

PSpice Optimizer MOXET ONTUMHU3UPOBATH CXEMY, COAEPXKALIYI0 JO BOCHBMH



BapbUPYEMBIX TAPAMETPOB.

Cneundurkauns (Specification) — omnucanue T1JI00aTbHON I1€7€BON (YHKIIUU C
MOMOIIBIO JIOKAJIbHBIX LEeJeBbIX GyHKUMA U orpannyeHuil. B PSpice Optimizer
CYLIECTBYIOT JIBa TUIA creU(pUKAIUN:

Buytpennss (internal specification), cocrosimas u3 meneBbix (QYHKIHUN (3aJaHHBIX
CBOMMH 3HAYCHUSMH) U HEPABEHCTB (3aJaHHBIX B BUJE JOMYyCTUMBIX MPEICIIOB), KOTOPHIE
BBeJieHbI B PSpice Optimizer ¢ TOMOUIIBIO JUATOTOBBIX OKOH.

Buemnsis (external specification), cocrosiias u3 pe3yiabTaTOB U3MEPEHHM, 3aIaHHBIX
B BHJIC BHENTHETO (Qaiina.

[Ipu 3aganuu cnenudukanuu He0OX0IMMO yKa3aTh:

Ha3Banue (Name);

3HaueHue TriodanbHON 1eneBoi Qynkuuu (Target) U ee AOMYCTHMOE OTKIOHEHHE
(Range);

BU/JI aHalIn3a cxembl (Analysis);

Ha3BaHue mnpodwis MoaenupoBaHus nuO0 (daitma-onucanus cxeMbl (Simulation
Profile or Circuit File);

BBIpa)KEHUE ISl OMMCaHus rio0aibHOM 11es1eBoi ¢pyHkunu (B rpade Evaluate).

Crienuukanys TakKe MOXKET BKIIOYATh:

Ha3BaHUE probe-daiina, coaepxkamiero omnucaHue 1eneBbix (Gynkumii (Probe file
containing Goal Functions);

uMsa ¢aiina, coaepxkallero pe3yJbTaThl U3MEPEHHH U OIMOpHbIE JaHHble (TpH
WCTIOJIb30BAaHUM BHEIIIHEH CHICTIH(UKAIINN).

I'nobanbHas weneBass pynxumsa (Evaluation) — ¢dynkius, 3HaueHwe KOTOpoW
ABIIIETCS. MEPON COOTBETCTBUSI PEAJLHOTO PEKHUMA B CXEME HKEIAEMOMY.

B kadectBe rino0anbHOM 11€71€BOM PYHKIIMU MOTYT BBICTYNATh:

1. OnHoTtoueunas trace-pyHKIMs porpamMmel PSpice.

2. Jlokanbnas uenesas pynkuus (Goal Function) mporpammer PSpice.

3. Beipaxxenue nporpammbl PSpice Optimizer.

Trace-gynkyus - onpenensier TpeOyeMbld BBIXOJHOM mapamMeTp CXeMbl IpHU
MPOBEJICHUH OJHOTOYEHUHOro aHanu3a (Hanpumep DC sweep npu puKCHpoBaHHOM BXOJIHOM
HanpsbkeHuu B 12 B).

[Tpumepsl: V(out) miis u3MepeHusi BeixoAaHoro Hampspkenus; 1(d1) — ans usmepenus
TOKa 4Yepe3 AUOJ.

Jlokanouas yenesas ¢yukyus (Goal Function) omnpenenseT TpeOyeMbI BBIXOIHOM
napamMeTp IpH MPOBEJACHUHM BCEX OCTAIbHBIX BHUJOB aHalIM3a, KPOME OJHOTOYEYHOTO
(manpumep AC, Tran).

JlokanbHas ueneBas (YHKIUS BBIYUCISETCS MO PE3yJNbTaTaM MOJEIUPOBAHUS CXEMBI
npu (PUKCHPOBAHHBIX 3HAUCHUSIX ITaPaMETPOB.

BcrpoenHbie ToKalbHBIE 1IeNIeBbIe PYHKIMH MporpaMMbl PSpice puBeIeHbI B TaOJI.
5.1.



Tabmuma 5.1

JlokanbHble 11e51eBble PyHKLIMU TporpaMMbl PSpice

D yHKUUA

Ha3nauenune

IIpumep

Bandwidth(Bripaxenue,
ypoBeHb B 1b),

BPBW(BbIpaxkenue, ypoBEeHb
B 11b)

[IInpuHa MOIOCH! NPOITYCKAHUS
I10JIOCOBOTO (DMIIBTPA, OIIpeIeIeMas
110 33JJaHHOMY YPOBHIO

Bandwidth(V(out),3)

BPBW(V(out),3)

CenterFreq(BeipaxxeHue,

[{eHTpanbpHas 4aCTOTA MOJIOCHI

CenterFreq (V(5),3)
YpOBEHb B 1b) MIPOITYCKaHUS
Falltime(Bripaxenue) JlnmutenbHOCTD 3aiHeTo hpoHTa Falltime(I(R))
Omnpenenser (B n1b) 3HaueHne
. . aMILUTATYIBI IS BeIpakenus 2, mpu | GainMargin(P(V(out)),
GainMargin(seip.1, Bbip.2) KoTopoM Haler (a3sl BeipaxkeHus 1 | V(out))
nocruraer 180°
GenFall(Beipakenue) JUTHTeabHOCT SAJHETO (ponTa GenFall(V(out))
orubaroel curuana
GenRise(BrIpakeHHE) JUTMTELHOCTS NEPEAHEro GpOHTa GenRise(V(out))

orudaroieil curuajia

HPBW(BrIpaxxeHue, ypoBeHb B

[[InprHa MONOCHI MPOMTYCKAHUS
¢uIbTpa BEpXHUX YaCTOT,

HPBW(V(out),3)

nb) omnpezaensieMast 1o 3aJJaHHOMY
YPOBHIO
LPBW(BsIpaxenue, ypoBeHb B [IIuprHa MoI0CH MPOMYCKAHUS HPBW(V(out),3)
nb) (bunpTpa HWKHUX YaCTOT
MAX(BbIpaxxeHue) ['moGasbHBIA MaKCHMyM Max(I(R))
MAXr(Bbip., t1, 2) JIoKabHBIA MAaKCUMYM BBIPKEHUS Maxr(V(3), 0, 2s)
Ha MHTEPBAJIC BpeMeHH OT t1 jo t2
MIN(BbIpaxeHue) ['no0anbHbI MUHIMYM Min(I(R))

MINTr(BbIp., t1, t2)

JIoKanbHBII MUHUMYM BBIPAKECHUS
Ha WHTEpBaJIe BpeMeHH OT t1 jo t2

Minr(V(3), 0, 2s)

Overshoot(BbIpaxkeHu€)

Omnpenensier pa3HULy MEXIY
MaKCHUMAaJIbBHBIM N KOHCYHBIM
S3HAYCHHUEM BBIPAXKCHU A

Overshoot(V(out))

Peak(BbIpakenue, n)

3HaueHue BBIPAXKXCHHUC B N-M ITHKC

Peak(V(out), 2)

Period(Bripaxenue)

[lepuon curnana. Onpenensiercs oT
MIEPBOTO JI0 BTOPOTO UMITYJIbCA

Period(V(out))

PhaseMargin(eip. 1, BbIp.2)

Omnpenensier 3HaueHue ¢Gasbl
BBIPAXXEHUS 2, IPU KOTOPOM
aMIUIMTY/1a BhIpaxkeHus 1 nocturaer
3Ha4YeHUA HOoIb 1b

PhaseMargin(V(out),
P(V(out)))

Pulsewidth(Beipakenue)

JMMTEenpHOCTh UMITYJIbCA
(ompenensieTcst Kak MHTEpBal
BPEMEHU OT CEPEIAUHEI
MIOJIOKUTEIFHOTO 10 CePeIUHBI
OTPUIIATEILHOTO (PpOHTA)

Pulsewidth(V(out))

Risetime(BbIpakeHue)

JUIMTENbHOCTD epEeHEro ppoHTa

Risetime(V(out))

SWINGr(BbIp.,HaY. X,KOH_X)

Pa3HI/IIIa MCXKIY MaKCUMAJIbHBIM U
MHUHHUMAJIbBHBIM 3HAYCHUEM
BBIPAXKCHHA B YKAa3aHHOM MHTCPBAJIC

SWINGr(V(out),0,8ms)

Oxkonuanue tadi. 5.1



D yHKUUA Ha3znauenue IMpumep

Breruucnsier hyakuuro
(y1-y2)*1000/(x1-x2)
OT BBIPQKEHHUS HA YKA3aHHOM
epuo/Ie.
TPmW2(BbIp., nepuom) Mo3keT uCoIb30BaThCs IS
pacdeTta o01ei paccenBaeMoit
MOIIHOCTH (B MBT) Ha yka3zaHHOM
nepuo/Jie, eciu
BoIp.=uHTerpas( V(out)*I(out))
Haxonut 3Hauenue X misd
BBIpAKEHUSI, COOTBETCTBYIOIIEE N-
MY TIOBTOPEHHUIO 33JJAHHOTO
3Ha4YeHus Y
Haxonut 3Hauenue X misd
BBIPAKEHUSI, COOTBETCTBYIOIIEE N-
XatNthYn(BbIp.,3H_Y,n) MY OTPHLIATEILHOMY (PPOHTY, XatNthYn(V(out),10,1)
MIEPECEKAOILIEro 3aJaHHOE
3Ha4YeHue Y
Haxonut 3nauenue X g
BBIPAKEHUSI, COOTBETCTBYIOMIEE N-
XatNthYp(BbIp.,31_Y,n) MY TOJIOKHUTEIHHOMY (POHTY, XatNthYp(V(out),10,1)
MIEPECEKAOILIEro 3aaHHOE
3Ha4EeHHE Y.
Haxonut 3Hauenue X misd
BBIPAYKEHNS, COOTBETCTBYIOIIEE N-

TPmW2(s(V(out)*
I(out)), 5)

XatNthY (BsIp.,3H_Y,n) XatNthY(V(out),10,1)

XatNthYpct(Boip.,Y B mpoir.,n) MY IEPECCUEHHUIO 3HAYCHUA Y, XatNthSSK(I))clt)(V(out),
3aJIaHHOTO B IPOLIEHTaX OT ’
MaKCHUMaJIbHOM aMIUIMTY/bI
YatX(sbip., 31_X) Haxonut 3HaueHune BeIpakeHUs YatX(V(3),20)

MpY 3aJJaHHOM 3HAYE€HHH X
HaXOI[I/IT 3HAYCHHEC BBIPpAXKCHUSA
YatXpct(Bbip.,X B 1poil.) IIpH 33JJaHHOM B IPOLEHTaX OT YatXpct(V(3),75)
ITOJTHOTO JTMAaIla30Ha 3HAYEHUHU X

Buipaoicenue PSpice Optimizer CcOACPXUT TEpEMEHHBbIC, KOHCTAHTHI, (YHKIUU W
omneparopsl mporpammbel  PSpice Optimizer. Hampumep, s BbIUKCIECHHS OOIIETO
COTNPOTHUBJICHUS. JIByX PE3UCTOPOB C TMapaMETPU30BAHHBIMU 3HAYCHUSIMH COIPOTUBIICHUM
Rlval u R2val moxHO ucmnonb3oBath BbipakeHne Rlval «operator» R2val, rme BmecTo
«operatory» HE0OX0UMO UCIIOIB30BATh «+», «—», «*», « / », «**) (BO3BECHUE B CTCIICHB).
JlommycTrMO MCTIOJIB30BaTh Takxke (PYHKIUU sin, cos, tan, atan, exp, log, log10.

CxeMbl, He NOJIeKAIME ONTUMHU3AIUN:

1. HepaOotatomue cxembl. PSpice Optimizer HE CMOXET «OXHUBUTH» CXEMY,
COJICpIKaIIlyI0 OITMOKH, HE TIO3BOJISIIOIIME MMPOBECTH €€ MOJICIIMPOBAHHUE.

2. Cxembl, colepxaliue OHJIEMEHTbl C HECKOJbKUMU COCTOSHUSIMHU (Hampumep
TPUTTEPHI), €CIM TPH HE3HAUYUTEIHPHOM HW3MEHEHHUM MapaMeTpa HU3MEHSETCS COCTOSIHUE
CXEMBI.




5.2. OnTumMu3anusa cxemMbl ¢ TOMOLIBLIO Nporpammbl PSpice Optimizer

AJNropuT™M ONTHUMHU3ALMHU CXEMbl C TMOMOIIb0 mnporpammbel PSpice Optimizer
pPaccMOTPUM Ha KOHKPETHOM IIPUMeEpE.

[Tpumep: nonbopom HomuHaia RS nodutbes Toro, 4Todsl B cxeme puc. 5.1 Tok yepes
HEJTMHEWHBIN 3J1eMeHT (o) coctaBmil IMA ¢ TouHOoCThIO 1%.

U=10B

o
1
R1 l R5 R3
1K 1 A B (174
R4
R2
2K
— T

Puc. 5.1. Cxema npumepa

1. IlpoMomenupyemM MJaHHYIO CXeMy Ha
MOCTOSTHHOM TOKE C TIOMOINBIO TIPOTPAMMBI
Capture. [lns sToro cobepem cxemy, MpoBeIeM
pacuet niepexoHoro mpoiecca (Time Domain),
3aTeM BBIBEJIEM pe3ylbTaThl pacyera [0
MOCTOSTHHOMY TOKY, ISl 4ero u3 meHio PSpice
BbIOepeM myHKTHl Bias Points — Enable, 3aTtem
Ha TIAaHETT! MTHCTPYMEHTOB HAKMEM KHOTIKY «I».
Pesynpratel MOAETMpPOBaHWs TPHUBEACHB Ha
puc. 5.2. (Ha sTom pucyHKe 3Ha4YeHUs BCeX

TOKOB, KPOMC HHTCPCCYIOIICTO, Y6paHBI). BI/IIII/IM, 4dTO IIPpU AAHHBIX IMapaMCETpax TOK YCPE3

V1

R1 < R3
1k o 8
R5 D1
+
10Vde — '

0T 13 D1N4002
R2 < R4
9k o %

=0 =0 =0

Puc. 5.2. Pe3ynbrar pacuera
HCXOJIHOM CXEMBI
Optimizer Parameters | |

Name

Initial Value

Current Value

[RSval

Tolerance

|5k

Lower Limit

[10%

Name

[100

Initial Value

[1 K Simulation With——

- € Initial Value
Upperliit & Current Value
[10K]

Current Value Add

Change
Delete

LCancel

Puc. 5.3. OxHo BBOA mapameTpa

nuoj coctaBaser 1,828 MA.

2. [lapameTpuzupyem 3HaYEHUE
cornpotuBieHuss RS, 1mma  dero 3amMeHuM
sgayenne 1K mng RS 3ammceio ¢ uMeHeM
napamMeTpa B (UIYpHBIX CKOOKax, Hampumep
{R5val}.

3. B nporpamme Capture u3z meHio PSpice
BbIOEepeM MyHKT Place

Optimizer  Parameters ©®  moMecTUM
MOSIBUBIIYIOCS PAMKY Ha yJIOOHOM MecTe.

4. JIBaxx1pl IEJIKHYB JIEBOM KHOMKOW MBIIIN
Ha paMmKe, MepeiieM B OKHO BBOJIa MapaMmeTpa,
IIPUBEJICHHOE Ha puc. 5.3.

[Tomgs >TOrO OKHAa HMEKT
Ha3HAYCHUS:

Name — Ha3BaHUE MapameTpa;

Initial Value — 3HaueHue, ¢ KOTOpPOrO
HAuYUHAETCS MPOLIECC ONTUMHU3ALINM;

Current Value — Tekymee
rnapameTpa;

Tolerance — nomyck Ha mapameTp. 3agaeTcs
JUISL  TIOCHIEYIONIEro BbIOOpA 3HAYCHUS U3
CTaHJIAPTHOTO PSAJIA;

CICAYOIINC

3HA4YCHHUC

Lower Limit — HY>KHMI TOMYCTUMBIN MTpeiesl U3MEHEHUS TapaMeTpa;
Upper Limit — BepXHU JOMYCTUMBII Npeen N3MEHEHHsI TapaMeTpa.



[lepexmtoyatens Simulation With mno3Bonsier nNpoBOAWTH MOACIHPOBAHUE U3
nporpamMmbl Capture nu60 ¢ HauyaidbHbIM 3HaueHweMm mapametrpa (Initial Value), nu6o c
tekymum (Current Value).

3amoHUM BepXHHE TOJS TaK, KaKk MOKa3aHO Ha PUCYHKE, 3aTeM HakmeM KHomku Add u
OK.

5. 3amyctum mporpammy PSpice Optimizer, BeiOpaB B mporpamme Capture MyHKTBI
MeHio PSpice — Run Optimizer. B pe3ynprate mnoiayuuMm OKHO mporpamMmbl PSpice
Optimizer, npuBeIecHHOE Ha puc. 5.4.

OKHO COCTOMT U3 TpPEeX OCHOBHBIX
JacTe: obnactu crenudukanui
(Specifications), o6macTu mapameTpoB

B PSpice Optimizer Lite - C:\PLLAOPTIMIZER\DIOD-SCHEMATIC1.opt

Specifications

File Edit Tune Options Help

Edit Specification

Name: v Enabled

Reference: nal Weight: [1
Internal
T File: il = ||
Range: [0.01m XCoﬁn Name: I
I~ Con t Y Column Name: I
Simulations: Type: [= tar ¥ Tolerance: |1%
] P g——
Simulation Pr rcuit File PLC QDE @D
][ I Jdind»SCHEMATICFLsim I
Pri ile Containing Goal Functions:
Puc. 5.4. OxHO niporpaMMel . |
PSpice Optimizer te:
ql[m]
OK Cancel |

Puc. 5.5. Okno Edit Specification

(Parameters), obmactu. MHAMKATOpa Mpoliecca ONTHUMHU3ANMU. Buaum, 4To moka oOjacTh
cnenudukanuii mycra.

6. Jlo6aBuM TII00aNBHYIO IENEeByl0 (QyHKIMio, juisi dero B MeHio Edit manHoi#
nporpaMmbl Beioepem myHKT Specifications. B mosBuBmieMcs: okHe HaxkmeM KHOTKy Add, B
pesynbTate uero nosButcsa okHo Edit Specification, mpuBenenHoe Ha puc. 5.5. Ilons aToro
OKHa MMEIOT CJICYIOIINE Ha3HAUCHUS:

Name — Ha3BaHue TTI00aTBHOM 11€1€BON (DYHKITUY;
Reference — nctounmnk ee onvucaHus:
Internal — mone Evaluate;
External — BHemHuit dhaii;
Target — »xeaeMoe 3HaUeHHUE TJI00aTLHOM 11eTIeBOM (DYHKIUU;
Range — ee nomycTuMoe OTKIIOHEHHUE;
Constraint — HamTu4YMe OrpaHUYCHHUI-HEPABEHCTB, BUJ KOTOPHIX BBIOMPAETCS W3 TIOJS
Type;
Analysis — Bun ananuza cxemsl (AC, DC nu6o Tran);
Simulation Profile or Circuit File — nHa3zBanue npoduns moaenupoBanus audo daiina-
OTIMCAHUS CXEMBI;
Probe File Containing Goal Functions — wums ¢aitna ¢ pacmupenuem .prb,



COJlepKalller0  OMHMCAHME JIOKAIbHBIX I1eneBbiX (ynkuuit (Hanpumep C:\Program
Files\OrcadLite\PSpice\Common\pspice.prb);
Evaluate — onucanue rio6anbHOM 1eeBON (QYHKINH.
[Ipr MCHONB30BaHMU HECKOJIBKHX IIENIEBBIX (DYHKIIMHA MOXHO 3a/aTh YyICIbHBIA BEC
KaxJioi u3 HuX B rpade Weigth.
[Ipy wWCMONBP30BAaHWM BHEIIHETO OMUCAHUS IeNeBOd (QYHKIMHM HE0OX0IUMO

3aIIOJIHUTD ITIOJIA.
X column nome

iY column nome File — ums ¢aitna ¢ naHHbBIMY;
X Column Name - 3arosoBok cTojiOlia B (haiiie,
Vbe Ic cozeprkaiiero HezaBucuMble (X) 3HaueHus (Hanpumep Vbe Ha

4.0E-01 6.05E-06 bHc. 5'36(');(:1 / )
4.1E-01  8.90E-06 olumn Name - saromosox cronbua B (aiine,

coneprkaiero 3asucuMble (Y) 3HaueHus (Harnpumep Ic Ha puc.
4.2E-02 1.31E-05 5.6.);

Puc. 5.6. Ctpykrypa Tolerance — HOMycK B MpOIEHTaX, 3aJ1aBaeMBIi s
aiina-onucanns ueneBoil  MOCIELYIONIETO BEIOOPA 3HAUEHHMS MTapaMeTPpa U3 CTaHAAPTHOIO
dyHKIIH psna (manpumep 10%).

3anosaum mosist okHa Edit Specifications Tak, kak 1mokazaHo Ha pHC. 5.5; 3aKpoeM 3TO
okHo, HaxaB OK. Ilocie sToro 3akpoem okHo Specifications ¢ nmomombto kHonku Close.
BunuMm, yto B moine Specifications mosiBUJIOCH OKHO, MOKa3aHHOE
Ha puc. 5.7. B BepXHEH 4aCTU OKHA HAXOJIUTCS IMEPEKIIOYATED,
- | BKIIOUYAIOMIUI/MCKIIOYAIOUN 1IeIeBYI0 (PYHKIMIO U3 Ipoliecca
BEIYHCIICHUH. Benoe moje B cepeanHe OKHA COJEPKHUT TEKyIee
3HaueHne (YHKIMH, HIKHEE II0JIC — HayalbHOE 3HauceHue. B
MIPaBOM YACTH OKHA HAXOJUTCS WHIUKATOP, ITOKA3bIBAIOITUI

COOTBETCTBHEC 3HAUCHUS IEICBOM QYHKIINH 3adaHHOMY. Ecin
WHIAUKATOp WMEET KpacHBIA IBET, TO (YHKIHMS HE JOCTHIJIA
33JIaHHOTO 3HAYEHWs, MPH 3TOM IO METKaM B TPaBOW YacTH
IIKaJTbI MOYKHO BHJICTh, OOJIBIIIE MM MEHBIIIEC 33JJaHHOTO TEKYIIee
3HaUCHWE TJI00ANBHOM 1ieNieBor (GyHKIMHM. [Ipu JOCTYOKCHHM 3aJaHHOTO 3HAYCHHSI
WHUKATOP MEHSICT [BCT Ha 3€JICHBIMA.

7. Jlnsg TOrO 4YTOOBI MOYKHO OBLIO 3aIlyCTUTh TMPOIECC ONTUMHU3AIMH, HEOOXOIHMO
COOTBETCTBHE MEXKJly BUJIOM aHaliu3a, ykazaHHoro B okHe Edit Specification (cm. puc. 5.5),
1 npodusieM MoaenrpoBanus B mporpamme Capture. J[is pacueTa cXeMbI 110 IIOCTOSSHHOMY
TOKY MBI HCIIOJTB30BAIN PeKUM Tran, Mo3TOMY HEOOXOIUMO:

1 6apuanm. CHoBa oTKpbITh OkHO Edit Specification, qys yero 1160 ABaXKIbI MIEITKHYTh
JIEBOM KHOIIKOM MBIIIA Ha MPaBOM YacTH OKHA puC. 5.7, TMOO0 BBINOIHUTH MyHKTHl MEHIO
Edit—Specifications; mociie dero BbIOpaTh Buj aHanu3za Tran. Tak kak Tran sBiaseTcs
MHOTOTOYCYHBIM BHJIOM aHaJIM3a, TO B KA4eCTBE II00aabHOM IeneBod (yHKIHUU B Tpade
Evaluate HeoOXoauMo 3a1aTh BBIpAKCHHE, COJCPIKAIEe JOKAIBbHBIC IEIEeBbIC (DYHKITUH,
nanpumep MAX(I(D1)). ITocne Beixona uz okon Edit Specification u Specifications MoxHO
3aImyCKaTh MPOIECC ONTUMH3AIUH.

Il sapuanm. JIns cokpamieHUs BPEMEHH MOJCIMPOBAHMS 3aJ1aTh OJHOTOYCYHBIA BU]Y
aHanmW3a, Ui 4Yero BepHYTbcs B mporpammy Capture w OoTpeaakTUpOBaTh TPOQIIIH
MOJICJIMPOBAHUS, HAIIPUMEDP TaK, KakK MOKa3aHo Ha puc. 5.8.

v ID1

Puc. 5.7. Oxuo
TJI00AIBHOM IIETEBOI

byHKIUN



3amycTHM MPOLECC ONTHMHM3ALMA, VIS YEro B

General Analysis IIncIudeFiIes] Libvaviesl Stimulus I Dplionsl Data Collection I ProbeWindowI MCHIO Tune HporpaMMBI PSpiCC Optimizer (CM.
[ e | puc. 5.4) BelOepeM myHKTBI Auto — Start. Xop
o o | mporecca OToOpa)kaeTcsi B JIEBOM 4YacTU OKHa
M Primary Sweep e . . . 9
e o s  Toomton. .7 || PSpice Optimizer, B KOTOpO#  HaXOIUTCS
o ey | (fSueopee WHIMKATOP, IOKa3bIBAIOIINN, HACKOJBKO JAJICKH
[1Save Bias Point % Linear Start value: 10 o
ELood e P : t R 3HAQYCHUS TJIOOATBHBIX IIEJIEBBIX (DYHKIMA OT
ogarithmic |Decade  ~
. | poemer & KeJIaeMblX 3Ha4eHHH (NMepBOHAYAIBHO HHAMKATOP
Value list
nokaszeiBaeT 100 %). [lox nHIUKATOPOM HAXOIATCS
T 5 ] o || oees || TOMA  CO  3HAUCHUAMH  CPEIHEKBAIPATHYECCKOMU
omnbku (RMS Error), Homepa Tekyieil urepauuu,
Puc. 5.8. IIpoduias MoAEIUPOBAHUS HACHOJIB3YyEMOH AJIA nozxdopa HapaMETpOB

(Iteration), qucia 3aIyCKOB mpoiiecca
MOJICJIUPOBaHUS C TOMOIIBI0 porpamMmel PSpice (Simulations).

Ilocne OkOHYAaHUS ONTUMH3ALMM CXEMbI MONydynM 3HaueHue Toka 1,00023 mMA mnpu
3Ha4ueHUM conportuBieHus RS, papaom 3,89443K.

8. OKpyriauM MOJy4YeHHOE 3HAYEHHE COIMPOTHUBIICHMS MO0 OJMXKaAWIIEro CTaHAapTHOTO,
B3siTOoro u3 psga E12 (4to coorBeTcTBYET yKazaHHOMY AOIYCKY 10 %), st 4ero BBITOJIHUM
nyHkTel MeHI0 Edit—>Round Nearest. B pe3ynbrate monyuum 3nauenue RS, paBnoe 3,9K;
MIPU ATOM TOK uepe3 auoa OyaeT paseH 0,99937 MA.

[Ipy nHamuuuu y pa3paboTyMKa JAOCTATOYHBIX OCHOBAaHMNW MOXXHO CO37aTh HOBOE
CTaHJAapTHOE 3HAYEHHE, JIJISl Yero BHIMOIHUTH NYHKTH MeHI0 Edit—Round Calculated.

9. Bhecem mnonydyeHHoe 3HaueHHEe B cxemy B mnporpamme Capture, ajig Yero
BBITIOTHUM TIyHKTBI MeHI0 Edit—Update Schematic. B pesynabrare pamka Optimizer
Parameter npumeT Bua, MOKa3aHHbIM Ha puc. 5.9, a.

10. [IpomonenupyemM cxeMy € HOBBIM 3HaUY€HHEM MapaMmeTpa Tak ke, KaKk B IMEepPBOM
nyHKTe. Yoeaumcs, 4To pyHKIIMOHMPOBAHUE CXEMbI COOTBETCTBYET OxuagaeMomy (puc. 5.9,

5).

OPTIMIZER PARAMETERS: z R R
Name Initial Current ]
R5val 5k 3.9k " ' o N
10Vde —— :
T 1k D1N4002
S R2 S R4
< 9% 2k
=0 o o
a

Puc. 5.9. Pe3ynbraThl ONTUMHU3ALHUHN CXEMBI
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