MeToaunueckue YKazanusd 110 BBINMOJHCHUIO IYHKTOB CO CXE€EMHBIM
MOJAECJIHPOBAHUEM

1. Pacuer HaANpsiKeHUH M TOKA CXeMbl B YACTOTHOM 00.J1acTH

CobOparb BHUPTyaJIbHYIO CXEMy, COOTBETCTByomlyr0 puc.l.l, ycTaHOBUTH
napaMeTpbl HICTOYHUKA CHHYCOMJIAJILHOTO HaIpshKEHUs: amIuintyaa 2 B, yactora
yKa3aHa Ha pUCYHKE. BBIMONMHUTH pacuyeT Lenu ¢ IMeJbI0 ONpeesICHUs
KOMIUICKCHBIX 3HAYEHUN MOTEHIMAJIOB U TOKA IIEIH, PACCUUTATh HAMPSIKCHUS HA
AJIEMEHTAX IIETH.
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Puc.l.1. ITocaenoBarearuHas RLC-uenn
1.1 ITocTpoeHue BUPTYaIbLHOM CXeMBbI

1. Bxoa B cucremy DesignLab 8.0. /Iis 3Toro ycTaHOBHM KypCOp MBIIIH Ha
NUKTOrpaMMy ¢ Haamuchio Schematics.8.0 u aBakabl MIETKHEM JICBOH KHOIKOM
mein  (JIKM). Tlocnme 3aBepiiieHuss 3arpy3kd CHCTEMbl Ha DJKpaHe JUCILIEs
MOSIBUTCS] OKHO JIsl BBIYEPUYMBAHUS CXEMBI.

2. BbiOOp 3/1eMeHTOB Ha JKpaHe aucmiesi. [ OTKpeITHS OMOIMOTEKU
AJIEMEHTOB BbIOMpaeM komaHay "Draw" B ropu30HTaILHOM MEHIO M 3aT€M CTPOKY
"Get New Part" B BepTukaJlbHOM MEHIO. B mosBUBIIEMCS OKHE Ha)KMMaeMm Ha
kiaapumy "Libraries". B mnpaBoM oOkHe BbIOMpacM HYXHYIO OHOJIMOTEKY
("Analog.slb™). B mosiBuBIIIEMCSI JIEBOM OKHE PACIIOJNIONKEH ajl(paBUTHBIA CIHUCOK
KOMITOHEHTOB. C MOMOIIbIO TUHEHKU MPOKPYTKH (AV) MOABECTH CHHIOIO MOJIOCY K
obo3nauennio R u ménkuayts JIKM. B pesynbrate 3toro B mpaBom okHe "Edit
Symbol" Bo3nukHeT n300paxenue pesucropa (puc.l.2).

Jlns mepeHoca sieMeHTa Ha 3KkpaH Hano wEnkHyth JIKM mo kimaBumie
"Place". Ha skpane mosiBuTcs pesuctop. Kypcop MbIii OCTa&Tcsl CBSI3aHHBIM C
3TUM D3JEMEHTOM, MO3TOMY MOXXHO HAapHUCOBaTh Cpa3y HEOOXOIUMOE YHUCIIO
pe3uctopoB. [lepemeriasi Mbllllb, YCTAHOBUTh M300pa)K€HHE AJIEMEHTa B HYXHOE
MecTo ueprexka U WENKHYTh JIKM. st OTMEHBI pexrMa pUCOBaHHS HAKUMAEM
Ha npaByto kHonKy Mblmu (IIKM). Heobxoaumo HapucoBath konaeHcaTop C u
WHIYKTUBHBIN 351ieMeHT L. JleficTBUS mpoaebIBatOTCSl aHATIOTHYHbIE.
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Puc.l. 2. /InasioroBoe 0kHO BHIOOPA 3JIEMEHTOB

B cmucke kommoHeHTOB Haiinem aHanoroByro 3emiro AGND, moaseném
cuHIo0 noJiocy, meénkHeM JIKM, B nmpaBoM OKHE MOSIBUTCS M300paKeHHE 3EMIIH.
HNanee ménkuyte JIKM mo kmaBumie "Place&Close". Ha skpaHe mosBUTCS
ob6o3HavyeHue 3emud. JIJisi OTMEHBI prcoBaHUs 3eMian HaxkaTh Ha [IKM. [lanee B
OnOIMoTeKe HAaX0AUM UCTOYHUK HampspkeHus VAC. DTOT UCTOYHHK CIEIUAIBHO
MpeaHa3HaueH JUIsl MOJYyYEeHUS] YaCTOTHBIX XapaKTepUCTHUK. PHCyeM HMCTOYHUK Ha
JKpaHe.

3. BbluepuMBaHHe NPUHUMNHMAJIBHOH cXeMbl. BBIOpaHHBIE 3JIEMEHTHI
HEOOXOJMMO PACIIOJIOKUTh B COOTBETCTBUM CO cXeMoOil. Jljis 3TOoro HeoOXoAuMo
MOJIBECTH KypCOp K 3JIeMEHTY U HaxaTh JIKM, mpu 3TOM 371€MEHT OKpAIIMBAETCS B
KpPacCHBIN IBET. DJIEMEHT NepeMellaeTcs Mo 3KpaHy mnocie (uKcaluu Ha HEM U
yaepxkaHuu kypcopa JIKM. DjieMeHT MOKHO NMOBEPHYTb, €CJIM OH OKpAallleH,
O/IHOBpeMeHHbIM HaxkaTueM kJjaaBum "Ctrl-R". DiemeHT MOXHO yIamuTh,
eClli OH OKpalieH, HaxarueM Ha kiaBuiry "Delete" nHa kmaBmarype wim

nukTorpaMmoit "HoxHuIbI'" il CoenuHeHne, pPaCMONIOKECHHBIX Ha HKpaHE
9JIEMEHTOB, B COOTBETCTBHUU CO CXEMOW MpOM3BOAUTCS Mo kKomanae Draw/Wire

win nukrorpammoi "Kapawgam': kY| [Ipu 3TOM Kypcop mnpuoOperaeT BU
kapanaama. "CobupaeM" cxeMmy: MOABOAMM KapaHAalll K BBIBOAY 3JIEMEHTa U
ménkaeM JIKM. Pucyem npoBoza 10 Hayana APyroro 3J€MEHTa B COOTBETCTBUU C
MPUHIUITHAIBHON cxeMor W onAth mEnkaem JIKM. Ilpekpamaem pucoBanue



HIETYKOM MpaBoOM KHOMKM MbImM. J[BorHOoM memuok IIKM BoccranaBiauBaer
PEXKUM PUCOBaHUS. ¥Y3JIbl CXEMbI 0003HAYAOTCS JKUPHOU TOUKOM.

4. YcTaHOBKA YHCJIOBBIX 3HAYEHMH W 0003HAYeHUil 3j1eMeHTOB. J[is
HW3MEHEHUs MapaMeTPOB AJIEMEHTOB HEOOXOIUMO IOJBECTH KYpCOp K IMapaMeTpy
sileMeHTa M JaBaxKabl Haxkath JIKM (unm mo xomange Edit/Attributes). B mosne
"Value" nosiBisieTcst 4ncI0BOE 3HAUCHUE TOro 3jeMeHTa — 1k. JlanHas oneparius
npencraBieHa Ha puc. 1.3.

Set Attnbute Yalue

WVALUE

k. LCancel |

Puc.1.3. /IluajioroBoe 0KHO U3MEeHEHUSI HOMHMHAJIA Pe3UCTOPA

JInst ©3MEHEHHSI ATOTO YHCJIOBOTO 3HAYCHUSI YCTAHABIMBAEM KYypPCOP MBIIIU
crpaBa OT 3TOro umcioBoro 3HadeHus. [locie menmuka JIKM nosBisieTcs
muraromias depra. Haxwuwmas xnaBumry "Delete" na xiaBuatype, ymaisiorT
HEeHyXHble IUdpel. BMecTo HUX BBOIAT HEOOXOIUMMBIE YKCIIOBBIC 3HAYCHUS
[IapaMEeTPOB DJIEMEHTOB. 3aBEPILIECHUE BBOIA YUCIIOBBIX 3HAYEHUMN OCYILECTBIISIETCS
HaxatueMm knaBumu "OK". JlanHbie onepamnuy HE0OXOIMMO TPOJENaTh sl BCEX
AJIEMEHTOB CXEMBI.

Ecnn HEeoOXoaMMO M3MEHHWTHh TO3UIMOHHBIM HOMEP AJIEMEHTa MOJBOIUM
Kypcop K HOMEpY 3JI€MEHTa M MOBTOPsIieM IpebIAyIne onepannu (cM. puc. 1.4.).
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Puc.1.4. [InajioroBoe 0KHO N3MEHEHUS MOPATKOBOr0 HOMepa 3JIeMeHTAa

VY cTaHOBKA YUCJIOBBIX 3HAYEHUN MCTOYHMKA HAMPSHKEHUS OCYIIECTBISETCS
cienytonuM obpazoM. [loaBoauM Kypcop K MCTOYHUKY HAIPSKEHUS U JIBAXKIbI
ménkaem JIKM. B mosBuBmemcs okHe BwimensieM cTtpoky DC (pacuér mo
MIOCTOSIHHOMY HAIpsDKeHUI0) W ABaxasl Haxkumaem JIKM. B oxomke "Value"
HEOOXOAMMO 3aIMcarh YUCIIOBOE 3HAYECHHUE MOCTOSHHOU coctaBigromern DC=0.
Haxater "Save Attr". Ocrampapie mnapamerpel ACMAG=2 - ammuTyna
rapMOHUYECKUX COCTABIISIONINX HATIPSKECHUM.



5. Hymepanusi npoBOJAHHUKOB M Y3J10B cXeMbl. UTOOBI TPOHYMEPOBATH
y3ea 1, BeigenuMm ero menykoMm JIKM. OH okpacuTcs B KpacHbIM IBET. 3aTeM
nBax bl mEnkaeMm JIKM. TlosButcsa okHo "Label". B mose okHa 3amnuiineM HOMED
y3na 1 u HaxxkméMm "OK". JluanoroBoe OKHO, COOTBETCTBYIONIEE JAHHOW ONEpalni,
npejcTaBiieHo Ha puc. 1.5. [IporymMepoBaTh HEOOXOIUMO TPH y3ia (IPOBOTHUKA).
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Puc.l. 5. /lnanoroBoe 0KHO HyMepanuu NPOBOIHUKOB

6. YcranoBka MapKepoB. I[J'ISI BBIBOJla@ HAa 3KpaH IIOTCHIOHUAJIOB Y3JIOB H
TOKa CXCMbl Ha CXCMY HAHOCATCA MApPKCPHI. I[JBI 9TOIr0 IIOABOAHUM KYPCOp K

COOTBETCTBYIOIIEH MUKTOIPAMME ﬂ WU \;_;;'L ménkaem JIKM. [logsoaum xypcop
K y31y wunu BeTBU cxemMbl u 1miénkaeM JIKM. Mapkepsl He0o0X0auMo
yCTaHaBJIMBATh U JJI BbIBOJIA Tpaduka Ha dKpaH auciuies. Beiopas u3 6ubimoTexu
nevatatoriee  yctporictBo  VPRINTI, moacoenuHseM ero K  KakIOMY
BBIICTICHHOMY MPOBOJAHUKY. Takum oOpa3om, moTpeOyeTcss TPHKIbl TMOBTOPUTH
ATy omnepanuto. /[ ycTaHOBKM IapaMeTpoB NPUHTEPA IBOWHBIM Ieukom JIKM
BBI3bIBAEM OKHO YCTaHOBKHM TapameTpoB. [loodep&mHo BbIAenseM B 3TOM OKHE
ctpoukn “AC=“, “MAG=", “REAL=", “IMAG=" u “PHASE=", meuataeMm B
noJsie Value 6ykBy Y (cokpalieHue OT aHTJIMHCKOTro YEeS) U 3aKaHYMBaeM KaK bl
pa3 BBOJ HakaTheM Ha KiaBulry Enter kmaBuaTypsl. JTO O3HaYaeT, 4yToO B
YaCTOTHOM aHaJM3€ aMIUIUTYa U (pa3a BHIXOJIHOTO HAIpPsHKEHUs OyAyT BHIBEIICHbI
B BUJIe TAOIMIIBI B BRIXOAHOU (haiin (aitn ¢ pacmupenuem .out). Jlnsa Bexona u3
»TOro OKHa meénkaem o kuomnke OK.
[Tomy4yenHast mociie BHIYepUMBaHUsI cXeMa MpuBe/eHa Ha puc. 1.6 .

Puc.1.6. BupryaibHasi cxema



7. YcranoBka pexxkmma anaam3a. [lo xomanme Analis/Setup Bxogum B
okHo "Analisys/Setup", crupaem ramouky npotuB rpadsr "Bias Point Detail" u
ctaBuM rajgouky B rpade "AC Sweep" — pacuéT 4YaCTOTHBIX XapaKTEPUCTHK.
Tenepp HeoOxoaumo 3amath mapameTpsl "AC Sweep" ananuza. Haxumaem
Kypcopom Ha kiaBuinry "AC Sweep". B oTkpbIBIIEMCS OKHE 3a/1aéM: a) JTUHEWHBIN
IIar 1Mo 4acToTe, MOCTaBMB TOUKY B rpade “Linear”, 0) KOJIUYECTBO pacUETHBIX
Touek o 4dacrore Total=2, B) mauyampHyro vactory pacuéra Start Freq=5k, r)
KOHeuHyr0 dactoty pacuéra End Freq=20k, kak mnokazano Ha puc. 1.7.
3akpbeiBaeM okHO HakatueM kiasumi "OK" u "Close".

[Tocne 3TOro pEeKOMEHIYETCs COXPAHUTHL CXeMYy TIOJl JTIOOBIM HMEHEM,
HAITMCAHHBIM JATHHCKUMHU OYKBaMM.

AC Sweep Type Sweep Parameters L-a
En.IaEIed & Linear Total Pts.: 2 o |
v oz
- ] " Dctave Start Freq.: |5k
- * Decade EndFreq: |20k
-
Moize Analyziz
B Cutput Yoltage: |
I I aitke [ Muaize Enabled
| M |
|_ E
Inkereal: | J
] | Cancel |

Puc.1.7. OxHo 3a1aHus1 pe;KUMAa YaCTOTHOI0 AHAJIN3A

8. Pemenune 3agaHusi npoucxoauT HaxkatrneM Ha Analisys/Simulate wmm
kinaBumy F11 u mocne 3aBepiieHus pabOThI MporpaMMbl PSpice oTkpbiBacM
BBIXOIHOH (haitn ¢ momoreio komanael Analisys/Examine Output. C momoiiibto
NPOKPYTKH HAXOUM PE3yJIbTaT PEUICHHUS CXEMbI B YaCTOTHOM 00J1aCTH:

Jlg mepBoro y3na:

FREQ  VM[1) VP[1] VR[] VIl

L.000E+03 2.000E+00 O0.000E+00 2.000E+00 O0.DO0O0E+0D
2.000E+04 2.000E+00 O0.000E+00 2.000E+00 O0.DOO0E+0D

Jlmg BTOporo y3ia:

FREQ VM[2] VP[Z) VR[Z] VI[2)

L.ODDE+03 5.798E-01 1.223E+02 -3.094E-01 4.903E-01
2.000E+04 3.014E+00 7.60FE+00 2.987E+00 3.990E-N



Jlns TpeTwero ysina:
FREQ  VM[3] VP(3)] VR[3) VI[3)

L.ODDE+D03 4.154E-01 ¥.801E+01 B.626E-02 4.063E-D1
2.000E+04 7.494E-01 -6.800E+01 2.808E-01 -6.94BE-D

3mecs: FREQ — wuacrora curnana wcrounuka, VM(K) — ammiurtyna
rapMOHHMUYECKHUX CcocTaBisomux B y3ae K; VP — (¢asa rapMoHHYECKHX
COCTaBJIAIONIMX HampspkeHus [rpan]; VR — neiicTButenbHas 4acTh HaIPSHKCHHUS;
VI — MHMMas 4acTh HANPSKEHUS.
Urak, pemeHwe mid 3aJaHHOM CXEMbl MOXHO 3alKCaTh CJICIYIOLIUM
oOpazom:
Jlist wactotel f =5 kI'm:

o, =2B

@, =0,5798.122,3 =—-0,3094 + j0,4903 B
P, =0,4154.78,01" = 0,08626 + j0,4063 B
Jnst wactotel f =20 kIl':

o, =2B

P,m =3,014.7,607° = 2,987 + 0,399 B

P =0,7494 2 - 68" =0,2808 — j0,6948 B

ITo IMMOJIYYCHHBIM 3HAYCHUAM IOTCHIHMAJIOB Y3JIOB H€O6XOI[I/IMO pacCuuTaTb
SHAYCHHUC TOKA CXEMbI U HAIIPSXKCHUA Ha 3JICMCHTAX. ITocne storo IMOBTOPUTL BCC

pacuersl I CXEMBI C YY€TOM BHYTPEHHEr0 aKTUBHOI'O COIPOTUBIICHUS KaTyIIKU
R=110 Owm.

2. Pacuer yacTtoTHbIX Xapakrepuctuk RLC neneii

2.1. CoOpatp BupTyanbHyto cxemy puc. 2.1.1 u npoectu pacuer AUX u ®UX
¢unbTpa, COXPaHUTH peE3yJabTaThl B JJIEKTPOHHOM Buae. Ilo mnomydeHHbIM
XapaKTepUCTUKaM OIPENEIUTh TPAHUYHBbIE U PE30HAHCHYIO YacTOThl (UIbTpa U
4acCTOTY, COOTBETCTBYIOLIYIO MakcumMymy AUX.

L=31wmlH
C=506mud
R =1 xOwm

Puc.2.1.1. Cxema puibTpa BTOPOro nopsijaka



BuptyanbHas cxema CTpOUTCSl B COOTBETCTBUU ¢ TTyHKTOM 1.1. [{7st
3aJJaHHOM CXEMBI OHA TpeJicTaBleHa Ha puc. 2.1.2.

C1 31m
I I VYTV
5.6n L1 3

V1
oV @ R1 1K

0

Puc. 2.1.2. Cxema 11 pac4eTa 4YaCTOTHBIX XaPAKTePUCTHK

[To xomanme Analis/Setup Bxomum B okHO "Analisys/Setup", crupaem
ramouky npotuB Trpadsl "Bias Point Detail" u craBum ramouky B rpade "AC
Sweep" — pacuéT YaCTOTHBIX XapaKTePUCTHK. Temepp HE0OXOAWMMO 331aTh
napameTpel "AC Sweep" anammza. Haxummaem kypcopom Ha kmaumnry "AC
Sweep". B oTkpeIBIIEMCS OKHE 3a7aéM: a) JIMHEWHBINA IIar 10 4acTOTe, TOCTaBUB
Touky B rpade “Linear”, 6) KOIMYECTBO pACUYETHBIX TOYEK II0 YACTOTE
Total=2000, B) HawanmpHyro yacToTy pacuéra Start Freq=100, r) koHe4HYyIO
gacroty pacuéra End Freq=300k. 3akpsiBaeM okHO Haxatuem kiauin "OK" u
"Close". CooTBeTCTBYyIOIIEE AMATOTOBOE OKHO MPEACTABICHO Ha puc. 2.1.3.

AL Sweep Type Sweep Parameters E
(¢ Linear Total Ptz 2000
[ " Octave Start Freq.: 100

r
~ - ® Loy EndFreq:  [300k
Maoize Analpziz
r Cutput oltage: li
- M amte I Moize Enabled
[
| E
[nteral; J
2k, Cancel |

Puc.2.1.3. OxkHO 3a1aHKsl pe:KUMA YACTOTHOT0 AHAJIU3A



[Tocne 3amanus rpaHUIl YaCTOTHOTO aHAIIM3a PEIICHUE 3aJaHHs TIPOUCXOIUT
HaxkarneM Ha Analisys/Simulate mam xmaBumy F11. Ilocie 3Toro Ha sKpaHe
nosiByisieTcs rpaguk AUX, KoTOphIil ipeacTaBiieH Ha puc. 2.1.4.

Frequency

Puc.2.1.4. AUX ucciaenyemoro ¢pujabTpa

N3 rpaduka BugHO, 9T0 3Ta AUX COOTBETCTBYET MOJIOCHO-TIPOITYCKAIOIIEMY
bunbTpy BTOpOro mopsjaka. Eciu KoHeyHas dYacToTa pacuera SBISETCS
HEJIOCTAaTOYHOW I MOJYYEHUs «3aKOHYCHHOW KapTuHKM» AUYX, TO €€ MOXXHO
HEOJJHOKPATHO MEHSTh, BO3BpaIlasch K pexumy 3aaanus Analis/Setup.

Jna BeiBoma PUX HY)HO mnpoaenatb cienyromee. llenkHyTs neBoun
KHOIIKOM MbIm 1o no3uiuu Plot ropusoHTampHOro MeHio. B mosBHBIIEMCs
BEPTUKATHLHOM MEHIO BbLIEIUTh cTpoky Add Y AXIS, mIeNKHYB MO HEW JICBOWM
KHOTNKOW MbIH. [locne yero Ha skpaHe MOSBISIETCS BTOpas BEPTUKAIbHASI OCh.
[lenkaem 71€BOM KHOMKON MBIIIM MO MO3UIMU FOPU3OHTAIILHOIO MEHI0 Trace u
BBIOMpacM B IMOSBUBIIEMCS BEPTHUKAIbHOM MeHI0 cTpouky Add (mo6aButh). B
pe3yabTaTe 4ero Ha 3KpaH BBIBOAUTCS MaHENb C JIByMs OKHaMu. B mpaBoMm okHe
Functions or Macros miemukoM JIEBOM KHOIIKA MBIIIM BBIIEISAETCS (I)yHKuH;I
Bbi3oBa (asel P( ). Haspanme stoli (yHKIMM IyOaupyeTcs B HIDKHEH YacTH
naHeqaud B cTpoke Trace Expression. Dra crpoka mpeiHa3Ha4yeHa s BBOJA
MaTEMaTUYECKOTO BBIPAKEHHS, KOTOpPOE 3aTeM OyJeT OTOOpakeHO B BHUIE
rpaduka. /s ykazanus Toro, (ha3za Kakoro HampspKeHHs! JOJKHA ObITh BBIBENICHA,



HIeJKaeM JIeBOH KHoOmkod Mbimu 1o crpoke V(3) B yieBom okne Simulation
Output Variables.

[Tocne yero B HWKHEH CTPOKE OKasbIBaeTCs CHOPMHUPOBAHHON (DyHKITHS
P(V(3)). D10 cooTBercTBYeT BHIBOAY B BHUje rpaduka ¢asel HanpsokeHus V(3).
3aBepmiaeM BBOJ (yHkiuu miemukoM 1o kHomke OK. Ilocie dero Ha skpane

nosisisiercs rpadpuk MUX. On coBmentaercs ¢ rpapukoM AUX u npencraBieH Ha
puc. 2.1.5.

106Hz 306Hz 1.0KHz 3.0KHz 18KHz 30KHz 1008KHz 3008KHz 1.0HHZ
o u(a) u P(U(3))

Frequency

Puc. 2.1.5. CoBmemennbiii rpapuxk AUX nu @YX cxembl

[To monmyudeHHbIM TpadukaM HEOOXOIUMO OIPEACIUTh PE30HAHCHYIO H
rpaHWYHbIC YacTOThI. J[isi ompeneneHus TpaHUYHBIX Y9acToT fi, HmiemykoM JieBoit

KHOIIKM MBIIIA TI0 THUKTOTPaMMe ﬁl BBI3BIBAEM DJICKTPOHHBINH Kypcop. 3arem
I&JIKaeM JICBOM KHOMKOW MBIIIN MO KPACHOMY NMPSAIMOYTOJbHHUKY € HAANHCHIO
P(V(3)). D10 cBs3bIBacT 31eKTpOHHBIA Kypcop ¢ rpaduxom DUX. Ilocie atoro
yCTaHaBIMBaeM Kypcop Mbln Ha rpadpux OUX, HaxkuMaeM JeBYIO KHOIKY U, HE
oTIycKasi €€, MepelBUTraeM Kypcop MBI BIOJb rpaduka J0 TEeX IMOp, MOoKa
sHaueHue (asbl He crTaHeT OmmskuM Kk +45°. (3HaueHme (aszbl 0TOOpaKacTcs B
IpaBOM HIDKHEM YTy fKpaHa). OTHYCTHB JIGBYIO KHOTIKY MBIIIA U ONEPHPYS
KYPCOPHBIMHU KJIaBHIIIAMU KJIaBUATYpPHI, TOOMBAEMCsl YCTAaHOBKH JJICKTPOHHOTO
Kypcopa Ha Hambonee Gnuskoe K +45° 3HaucHme asbl. TOUHO TAKKE HAXOLHM
pe3oHaHCHYI0 dacToTy fy 1o 3Hauenuto hassr, 6muskomy k 0° (cm. puc.2.1.6).
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Puc.2.1.6. Pe3yabTaTt onpeaesieHus1 pe30HAHCHOM YaCTOThbI

Ha stom ananu3 nanHoi cxembl 3akaHuuBaeTcs. st npoBenenust

YaCTOTHOI'0 AHAJIM3a cXeM (PUJIBTPOB BHICOKOM UM HU3KOM YaCTOThI
He00X0AMMO NMPOBECTH MOA00HBIE 1eliCTBHS.

2.2. Cobpatp BUpTyasbHYIO cxeMmy puc. 2.2.1, paccuurath AUX u ®UX nenu

R C
U, o, I L=31wmlH
i C=56uD

Puc.2.2.1. Cxema ¢puiabTpa BTOPOro MopsijiKa

npu AByX 3HadueHusx compotuBiaeHus R: 1 kOm u 10 kOwm. IlomydenHsie
3aBUCUMOCTH TOIMAPHO COBMECTHUTH Ha OHOM I'padukKe.



BupryanpHas cxema npezacrasieHa Ha puc. 2.2.2. IIockoiabKy MO yCIOBHUIO
3aJlaHds  COTNPOTHUBJICHHE R TpPWHMMAET HECKOJbKO 3HAYCHHH, TO IS
OCYIICCTBJIICHUS MHOTOBAPHATHBHOTO aHalIW3a Ha BUPTYaAJIbHYI0 CXEMYy U3
CUMBOJIbHOW OHOJIMOTEKH HEOOXOAWMO BBITAHYTH »JJeMeHT Parameters, B
KOTOPOM 3a7aTh HMs BapbupyeMoi mnepeMenHoi Name I u ero 3HayeHHe
Value i. Jlng ux 3agaHusi HEOOXOAMMO OTKPBITH AHAIOroBoe OKHO (puc. 2.2.4),
JTBaKIBI MISITKHYB 110 3JeMeHTy Parameters.

Wl

o @ L1 31m

Puc.2.2.2. BuptyajabHasi cxema GuibTpa

[IpeaBapuTesibHO HEOOXOAUMO MPUCBOUTH UMS HU3MEHSEMON NEPEMEHHOM,
IICJIKHYB JBAXKIBI JICBOM KHOMKOW MBIIIA Ha HOMHHAJ COMpOTHBIeHUs R (puc.
2.2.3). B kauecTBe MMEHH MOKHO HCIIOJb30BaTh JIIOOBIC JTATHHCKHUE CHMBOJIBI,
3anrcaHHbie B PUTYPHBIX CKOOKaX.

f =)

YALLIE

QK Cancel

itk

Puc.2.2.3. InanoroBoe OKHO /1Jis1 32IaHUsI HMEHHU NepeMeHHOoI



M arme Walue

VaLIIEZ = |10k S ave Attr

= REFDES=PM1 a2 :
TEMPLATE = PARAM @NAMET<GEVALUET SNAMEZ/@N: | _ronge Display
MAMET =t
MNAME 2=
MAME 3= —
VALLET =Tk

[v [nciude Mon-changeable Attibutes Ok

ik Lk

v Include System-defined Attibutes Cered]

Puc.2.2.4. JInajsoroBoe okHo Param Jisi 3aiaHusi MapamMeTpPoB JIeMeHTA

OkoHYaTeNbHBIN BUJT BUPTYaJTbHOM CXEMBbI IPEJICTAaBIICH Ha puc. 2.2.5.

FPARAMETERS:
tt Tk
10k

T

LAl

o @ L1 31m

Puc.2.2.5. PacueTHasi BUPTyaJIbHasi cXemMa

[Tocne 3aBepiicHUs 3alaHUS TTAPAMETPOB JJIEMEHTOB CXEMbI HEOOXOIMMO
3aJ1aTh PEKUM YaCTOTHOTO aHanm3a cxeMbl. [1o komanme Analis/Setup Bxoaum B
okHo "Analisys/Setup", crupaem ramouky npotus rpadsl "Bias Point Detail" u
ctaBuM rajgouky B rpade "AC Sweep" — pacu€T 4acTOTHBIX XapaKTEPUCTHK. Tak
KakK B CXEME MPUCYTCTBYET U3MCHSIOIIAsACS MepeMeHHas R, To rajouky Hamo erie

nocTaBuTh MpoTuB rpadser "Parametric". OkHO 3amaHus TPEICTaBICHO HA PHC.
2.2.6.



Analysis Setup |E

Enabled Enabled
v AL Sweep... Optionz... Cloze |
r Load Biaz Point... v Pararnetric:...
r Sawve Biaz Point... r Senzitiviby. ..
r DC Sweep... r Temperature. ..
r Maonte Carlow'orst Caze... r Transfer Function. .
o Bias Paint Dretail r Tranzient. .
Drigital Setup...

Puc.6. OxkHO 3a1aHUA pe:KUMA YACTOTHOI0 AHAJIU3A

Teneps HeoOxoauMo 3a1aTh TapameTpsl "AC Sweep" ananuza. Haxumaem
Kypcopom Ha kiaBuiry "AC Sweep". B oTkpeiBIIeMcst OKHE 33/1aéM: a) TMHEHHBIN
IIar 1o 4acToTe, OCTaBUB TOYKY B Tpade “Linear”, 6) KonuyecTBO pacuETHBIX
Touek 1o yactore T0tal=2000, B) HauanbHy 0 yacToTy pacuéra Start Freq=100, r)
KOoHeuHyto yactoty pacuéra End Freq=300K. 3akpbiBaeM OKHO Ha)KaTHEM KJIABHIII
"OK" u "Close". OkHo 3aaHus IpeIcTaBiIeHo Ha puc. 2.2.7.

AC Sweep and Moise Analysis

—aC Sweep Tupe Sweep Parameters

@ Lingar Total Prs.: IEE":":'

" Detave Start Freq.: I'IEIEI

* Decade EndFreq: 300K

— Moize Analyziz

Output Y oltage: I

[ Muoise Enabled
I [
[nterval: I—

k. | Cancel |

Puc.2. 2.7. OxkHO onpeesieHsl YaCTOTHOTO IMANa30Ha



AnanornuHo 3agaeM mapamerpnl "Parametric" ananmza. OKHO 3amaHus
MpeCTaBlIeHO Ha puc. 2.2.8.

-

SweptYar. Type

" %aolage Source Hame:
" Temperature

" Current Source

" Model Parameter

* Global Parameter

Sweep Tope
" Linear

" Octave
" Decade

fe alue List Values 1k 10k

mmi

OF. | Cancel |

Puc.2.2.8. JImasoroBoe okHo pe:xxkuma Parametric

Pemenne 3amanus mnpoucxoauT Haxatuem Ha Analisys/Simulate wim
knapuiny F11. Tlocne 3Toro Ha skpaHe aucruies: JoJKeH nosiBUThes rpadpuk AUX.
Ecnu 3TOro He mpoOMCXOAMT aBTOMATHYECKH, TO HAJ0 MPOJENaTh ClEAyIOLIEe:
HIETKHYTh JIGBOM KHOMKOM MbImu 1o no3unuu Plot ropuzonTamsHoro mexwmo. B
MOSIBUBIIIEMCSI BEPTUKAIBHOM MEHIO BBIACIUTH CTpoky Add Y AXIS, HIENKHYB IO
HEW JIEBOM KHOIKOM MbIHU. [locie 3Toro Ha skpaHe MOSBISAETCS BEPTUKAIbHAA
ocb. B mo3uiuu ropu3oHTaIbHOIO MEHIO Trace BhIOMpaeM B MOSIBUBLIEMCS] MEHIO
ctpouky Add u B mosBHBIIEMCS IpaBoM okHe Function or Macros meadkom
JIEBOM KHOMKU MBIIIKA BbIJEIsIEM (QYHKIMIO BbIAeneHUs amruatyast M( ). B
HIDKHEW 4acTH MaHeIHn B CTpoKe Trace EXpression mis ykasaHusi TOro, aMILIHTY1a
KaKoro HanpspKeHUs! 10JKHA OBITh BBIBEJICHA, IIEIKAEM JIEBOM KHOIMKON MBIIIH I10
ctpoke V(1) B meBom okHe Simulation Output Variables. B HmkHel cTpoke
okasbiBaeTcsi copmupoBanHoit ¢yHkums M(V(1)). DTo COOTBETCTBYET BBIBOIY
rpadpuka AUYX wnanpsokenus V(1). Ill€nkaeM Mo KHONKE MBI U Ha DKpaHe
nosiBisiercss rpaduk. ['padux coBmemennbix AYX mpu pasHbix 3HaueHuax R
npexacrasieH Ha puc. 2.2.9. IlonydeHHble pe3yiabTaThl HEOOXOJIMMO COXPAaHUTH B
AIIEKTPOHHOM BUJIE.



100KHz 300KHz

o < H{U{1))
Frequency

Puc. 2.2.9. I'padux copmemieHHbIx AUX BUPTYaIbHOI cXeMbl

Bce atu onepauuu HyXHO rpojenats u ais nonydenus rpapuka GUX. Tonabko
BMECTO BbIJesieHUs PyHKIMU M( ) HeoOX0oauMo BeLIeIUTh (QyHKIHO (a3sl P().

186d

SEL>>
-1680d

o o PU(1))

5.ou

ou v T r ] T T 1
1068HZ 300Hz 1.0KHz 3. 0KHZ 10KHZ 30KHZ 100KHz 300KHZ 1. 0HHz
o ¢ (1)

Frequency

Puc.2.2.10. I'padux coBmemennbix ®UX u AUX BUpPTYyaIbHOH CXeMbI



3. Pacuer HanmpsizkeHHsI M1 TOKA BO BpeMeHHO# 00J1acTH

3.1 HapucoBath u coOpaTh BUPTYaJIbHYIO JJIEKTpHUUYECKYHO cxemy puc. 3.1.1.
[IpoBecTn pacuet nepexoaHoit GyHkiuu. CoxXpaHUTh pe3yabTaThl B 3JEKTPOHHOM
BUJIC.

F1=1 gOm

4 (t) iy 1, (t)

=56 ud

Puc. 3.1.1. Cxema uenu nepBoro nopsiaka
BuptyanbHas cxema CTpOUTCS B COOTBETCTBHHM € MyHKTOM 1.1. J{7ist pacuera
IIEM BO BPEMEHHOM 001acTh HEOOXOMMO UCTIOIB30BaTh UCTOYHHUK V1 — 3TO
UMITYJIbCHBINA ncTouHUK Hanpspbkenus VPULSE co cnenyromumu 3HaUeHUSIMU
aTpuOyTOB:

V1 = 0 (MuHUMAaJIbHOE HANPSDKEHUE UMITYJIbCA),

V2 = 1 (MakcUMaJIbHOE HAIPSKCHUE UMITYJIbCA),

TD = 0 (3agepka UMIyJIbCa OTHOCUTEIHHO Havajia OTCYETa BPEMEHH),
TR = 0 (mmmTenpHOCTD TIepeaHero GpoHTa UMITYJIbCA),

TF = 0 (3agHero ¢hpoHTA UMITYJIbCA),

PW = 2m (nuTenbHOCTD IIIOCKOM BEPIIMHBI UMITYJIbCA),

PER = 10m (nmepuosa moBTOPEHUS HMITYJIbCA).
JIs1 3a1aHHOM cXeMbl BUPTYajbHAsl cCXeMa MpeAcTaBieHa Ha puc. 3.1.2.

o

1
56BN
@ 1 Th

*

Puc. 3.1.2. BupryanbHas pacueTHasi cxema



OkHO 3arycka Ha pelIeHUe IpeACTaBIeHo Ha puc. 3.1.3.

Analysis Setup

Cloze |

Enabled Enabled
o AL Sweep... Options...
o Load Bias Point... o Pararnetric...
r Save Biaz Paoint... r Sengitivity...
o DC Sweep... o Temperature. ..
o Monte Carlo worst Caze... r Transfer Functian...
r Bias Point Detail v Transiert...

Digital Setup...

Puc. 3.1.3 /InanoroBoe 0KHO 3aJaHUS peKUMa pacyeTa

[IpeaBaputennbHO HEOOXOAMMO  PACCUUTAThH
nuama3oH pacuéra Final Time, koTopblii paccuMThIBacTCS uepe3 MOIYYCHHOE
3HAQUYEHHE MOCTOSHHOM BpeMeHHU. UTOOBI MOIMYYUTh “XOPOIIYI0” KapTUHKY, HTOT
pacy€éT MOXXHO TMOBTOPSTH HECKOJIBKO Pa3 U, COOTBETCTBEHHO, HECKOJBKO pa3
3aIycKarh 3a/1ayy Ha peuieHue. OKHO 3aIlycKa Ha PelIeHHEe MPEeICTaBICHO Ha PHUC.

3.14.

Puc. 3.1.4. luajioroBoe OKHO Il ONpe/AeIeHUsI BPEMEHHOI0 AHANa30Ha

Transient

— Tranzient Analyziz

Print Step: IW
Firal Tirne: W
Mo-Print Delay: I—
Step Ceiling: I—

[ Detailed Bias Pt.
[ Skip initial tranzient zolution

— Fourner Analyziz
[ Enable Fourier
Center Frequency:

Murnber af harmanics:

||

Output W ars.: I

] | Cancel |

pacuera

IIPUMEPHBIN

BPEMEHHOMU



[Tocne Toro, Kak Bce mMapaMeTphl 3aJaHbl, 33/1a4a 3allyCKAeTCsl Ha PEIICHUe
HakatueM kinaBum F11 u Ha SKpaH BBIBOJUTCS BPEMEHHAs XapaKTEPUCTHKA
(puc.3.1.5):

Puc. 3.1.5. Ilepexognas pyHKIus 32 JaHHOM CXeMbI

Jns  cxem gApyroro BHAA TEPBOrO NOPSAKAa pacyeT IEePEXOIHBIX
XapaKTEPUCTUK aHAJIOTUYECH.

3.2. Paccumrate mnepexomHoW mnpouecc B nenu puc. 3.1.1 mpum wn3MeHeHUH
conpoTtuByieHUsA oT 1 kOM 10 5 kKOM ¢ marom 2 kKOm.

[TocTpoeHre BUPTyaIbHOW CXEMBI MPOUCXOAUT AHAJOTHYHO MYHKTY 3.1.
[TockonbKy IO YCIOBHIO 3aJaHHsS CONPOTHBICHHE R TpHMHMMaeT HECKOJIbKO
3HAUCHWH, TO JIJIS OCYIICCTBJICHUS MHOTOBAPHATHBHOIO aHAIN3a Ha BUPTYAIbHYIO
CXE€MY M3 CUMBOJIbHOM OMOJIMOTEKH HEOOXOAMMO BBITAHYTH 3JieMeHT Parameters,
B KOTOPOM 3aj7aTh HMMs BapbUpyeMoi mepeMeHHod Name_ | W ero 3HaueHHUE
Value i. lng ux 3agaHust HEOOXOAMMO OTKPBITH AMAIOroBoe OkHO (puc. 3.2.1),
JABAXbI ICJIKHYB I10 3JICMCHTY Parameters.



M arme Walle

VALLES = |5k Save Attr

TEMPLATE= PARAM ENAMET=EVALUET BNAMEZ/@NE & Change Display
MARE T =t e
MHAME 2=

MAME 3=

Wil UET1=1k —
WaLIE 2=3k

[+ [nchude Mon-changeable Attibutes 0K
v |nclude System-defined Attributes Cancel

e L

Puc.3.2.1. Inanorosoe okHo Param aJjisi 3aiaHusi napaMeTpoB 3JIeMeHTAa

OkoHYaTeNbHBIA BUJI BUPTYyAJIbHON CXEMBI MIPEACTaBJIEH Ha puc. 3.2.2.

FARAMETERS:

ft 1k
3k
Sk

5.6n

@ R1 | |4t

A f
||
1

Puc.3.2.2. BupryajJbHas pacyeTHas cxeMa

[Tocre 3aBepieHus 3a7aHUsl TAPaMETPOB DJIEMEHTOB CXEMBI HEOOXOAMMO
3aJ1aTh PEXKUM BpeMEHHOro aHaim3a cxembl. [1o komanme Analis/Setup Bxoaum B
okHo "Analisys/Setup", crupaem ramouky npotus rpadsl "Bias Point Detail" u
cTaBUM Tajiouky B rpade "Transient” — pacuér BpeMeHHBIX XapaKTepHUCTUK. Tak
KaK B CXeMe MPHUCYTCTBYET M3MEHSIOMIAsACS TiepeMeHHast R, To ranodky Hajo ere
ocTaBUTh NMPOoTHB rpadsel "Parametric". OkHoO 3amaHus MPEACTaBICHO HA PHLC.
3.2.3.



Parametric

— Swept Var. Type

i Wolage Source Name: Itt |
W TerEsein Options... Cloze
P todel Type: I
" Cunent Source v Parametric. ..
" Model Parameter tode] Hame: I - Sensilivity
' Global Parameter Param. Mame: I
o Temperature. ..
= SrIfEEP Type S I— o Tranzfer Function...

== v Transiert. ..
 Octave End W alue: I
" Decade Pred0ctawe: I
i+ Walue List Walues: |1k,3k,5k.

] | Cancel |

Puc. 3.2.3. /IluajioroBoe OKHO 3aJaHusI pe;KMMa aHaau3a u Parametric

BpemenHnoll nuama3on 3agaercs aHaJgorudHo nyHkry 3.1 (cm. puc 3.1.4),
HO (UHAJBbHOE BpeMsl pacueTa peKOMeHAYyeTcsl YBeJau4uTh A0 65 mkc. Ilocne
TOTO, KaK BCE MapaMeTphbl 3aJaHbl, 3aja4ya 3allyCKaeTCs Ha pelleHHue HakaTHeM
kiaBumd F11 w Ha »KpaH BBIBOAUTCA TpadUK COBMEIICHHBIX BPEMEHHBIX
xapakTepucTuk (puc.3.2.4):

Time

Puc.3.2.4. BpeMeHHbIe XapaKTEPUCTHKH CXEMbI



4. Pacyer BpeMEeHHBIX XapaKTEePUCTHUK NocjiegoBaTeabHOoii RLC-nenu

4.1. CoOpaTh BUPTYaIbHYIO JIEKTPUUYECKYIO cxeMy puc. 4.1.1. BoinmonHuts pacuer
nepexoaHo GyHKIMHU U MpHU JBYX 3HaueHusx conportuienus R: 1 kOm u 10

kOMm. ComnocTaBUTh pe3yJjIbTaTbl € TCOPCTUYCCKUMHU H OSKCIICPUMCHTAJIBbHBIMHA
JaHHBIMMU.

Puc.4.1.1. [locaenoBarearnas RLC-uenp

[TocTpoeHre BUPTyaIbHON CXEMBI M 33JJaHHE TTapaMeTPOB COMMPOTHRICHHS R
MPOUCXOAUT aHaornuHo TyHKTY 3.1. TlockoibKky MO yCJIOBHIO 3aJayu
HEO0OXOMMO BBINOJIHUTH PacdeT NepexoaHON (PYHKIIMHU, TO B KAUECTBE MCTOUHHUKA
HaIpsHKEHUST B BUPTYAJIbHOM cxeMe He0OXOIUMO yKa3aTh UMITYJIbCHBIM UCTOYHHK
Hanpsbkenus: VPULSE co crnenyromumu 3naueHusiMu aTpuoyTOB:

V1 = 0 (MuHUMAJIbHOE HANIPSDKEHHUE UMITYJIhCA),

V2 =1 (MakcuMalbHOE HAMPSHKCHUE UMITYJIbCA),

TD = 0 (3aaeprKka UMITyJIbCa OTHOCUTEIBHO Havaja OTCYETa BPEMEHH),
TR = 0 (mmmTenpHOCTD TepeaHero GpoHTa UMITYJIbCA),

TF = 0 (3agHero ¢hpoHTa UMITYJIBCA),

PW = 2m (muTenbHOCTD MJIOCKOW BEPIIMHBI HMITYJIECA),

PER = 10m (nepuoja moBTOPEHUS UMITYJIbCA).
Jns 3amaHHOM cXeMBbI BUPTYyaJlbHAs CXeMa NpeAcTaBieHa Ha puc. 4.1.2.



PARAMETERS:

tt 1k
10k
C1 L1
} | SV YT
5.6n 31m 1

Vi R1 D {tt}

%

Puc.4.1.2. BupryanbHas pacueTHas cxema

[Tocne 3aBepieHus 3a7aHUsl TApaMETPOB 3JIEMEHTOB CXEMBI HEOOXOAMMO
3aJ1aTh PEKUM BpeMeHHOTro aHaim3a cxembl. [To komanne Analis/Setup Bxoaum B
okHo "Analisys/Setup", crupaem ranouky npotuB rpader "Bias Point Detail" u
CTaBMM TaJiouky B rpade "Transient” — pacu€r BpeMeHHBIX XapaKTEpUCTHK. Tak
KaK B CXeMe MPHUCYTCTBYET U3MEHSIOMIAsAC epeMeHHas R, To rajnodky Hajo eie
noctaBuTh NMpoTuB Tpadsl "Parametric". OkHO 3agaHusA NPEACTABICHO Ha PHC.
4.1.3.

Swept Var. Type

M e
" %oltage Source ame

x|

It

" Temperature ’7 Enabled
" Current Source O ptiohz. .. Cloze |
™ Model Parameter [ | ™ Parametric...
(* Global Parameter | o

|_ Sensitivity...
Sweep Type ’7 r Temperature. ..
™ Linear ’7 [ | r Transfer Funchion...
" Octave | - Transient

ranzient...
" Decade —
 Value List Values |1k, 10k —
]4 | Cancel |

Puc.4.1.3. lnasoroBoe OKHO 3a/IaHusI pe:KMMa aHaJu3a U Parametric



BpemenHoll nuama3oH 3agaerca aHaJaoru4Ho nyHkry 3.1 (cm. puc 3.1.4),
HO (pUHAIBLHOE BpeMsl pacyeTa peKOMeHAyeTcsl YBeJIUYUTh 10 325 MKC U 1ar
BbIBOJa HAa me4aTb ycTaHoBUTH paBHbIM 0,1 Hc. Ilocme Toro, kak Bce
napameTpbl 3aJlaHbl, 3a/1aya 3alyCKaeTcsl Ha perieHre Haxkatvuem kiaBumu F11 u
Ha OKpaH BBIBOJUTCS TpadUK COBMEILEHHBIX BpPEMEHHBIX XapaKTEPUCTHUK
(puc.4.1.4):

L
1

o« U{1)

Puc.4.1.4. BpemeHHbIe XapaKTEePUCTHUKH CXeMbI

[TocTpoeHue u pacyeT BUPTYaJTbHOW CXEMBI ISl KPUTHYECKOTO 3HAYCHUS
conpoTuByieHUs: R ocyIiecTBiseTcss aHaIOrMYHO, OJJHAKO B KAa4eCTBE HOMHUHAJA
pe3ucTopa HEOOXOAMMO YyKa3aTh OIpPEAENIEHHOE 3HauYeHHe (pacCuuTaHHOE IO
dbopMyIie) ¥ U3 BUPTYaIbHOM CXEMBbI U U3 3a1aHus yopats "'Parametric”.



