JonoTHUTeIbHBIE 3J1eMeHThI Oudanorexkn Sig&SysProcu DigitalLogic
Kyboe B.1. 2012

1. CtpykTypa 6HMOTHOTEKH JOMOJHUTEILHBIX 2J1eMeHTOB Sig&SysProc

Huke mokaszansl 1OMOIHUTEIBHBIC 3JIeMeHTBI OnOmmoTekn Sig&SysProc Heobxomnmo
CKOIUPOBATH 3Ty OMOIMoTeKYy, manka Lib ¢ moamankamn Symu Sub, B manky LTspicelV. [pu
CTaHIAPTHON YCTAHOBKE IPOTrPAMMBI IICIICBAS TTAITKA HAXOMAUTCS 110 aJ[pecy
C:\Program_Files\LTC\LTspicelV\.

bubimoreka Sig&SYSProccoaepxut CleayIome moapasiciib:

— Ha0op 6a30BBIX 31€eMEHTOB — CIIOKEHHE, BBIUUTAHNE, YMHOKEHUE, KOHCTAHTA,
MacmTabupyioee 38¢HO, HHBEPTOP.
— DynUnits — 6u6imoTeKka THIIOBBIX IHHAMHYCCKUX 3BCHBCB, 33/1aBACMbIX YPABHCHUSMHU

k  kip . k
1+7p 1+70p 1+rE[p+r2p°

— Stimul —6ubaroTeKa NCTOYHHUKOB CTUMYIIMPYIOILUX BO3ACHCTBHIL: cTyleHYaTas pyHKLHMS;
JMHEHHAs (PYHKLHS; CHHYCOM/A; IPSIMOYTOJIbHBII UMITYJIBC; MMIO0OPa3HBII UMITYJIBC U JIP.

— IntDif —6ubnroreka HHTErpUpYIOLMX ¥ JU(PPEPSHILHPYIOIINX 3BCHBCB.

— Functions — 6ubroTeka yacTo HCIOIb3yeMbIX airedpandeckux Gpynkuumii: Sin(X); cos(X);
Ln(x); exp(X); XNu ap.

— nolLine —6ubaroTeKka HEIMHEHHBIX 3JICMCHTOB. SJIEMCHT MEPTBasi 30HA; IBYXIIOPOTOBbIN
THCTCPE3NC; OTPAHNYUTEID U JIP.

— TimeDomain — 6ubroTeka 31eMeHTOB i1t 00pa0OTKH CHIHAJIOB BO BPEMEHHON 00JIacTH,
B T.4. JUTS AMCKPETH3AIMH 1 (DHIILTPALIIH HA SIEMCHTAX 3a1ePKKH Z

Jlamnaca. Hanpumep:

Hixe npuBoanTCst ONMCAHKE OIOJIHUTEILHBIX AIIeMEHTOB Oubimotekn Sig&SysProc,
HCIIONB3YEMBIX B IIPUMEPAX.

2. Cxema BKIIOUYEHHS )JIEMEeHTOB COOCTBEHHOIH pa3pabdoTku B maket LTSpice

CMoenpoBaTh MPOU3BOJIbHYIO (YHKLMIO B takeTe LTSPICEMOXKHO ¢ TOMOLIBI0
MCTOYHMKOB HAIIPSHKCHUS YIIpaBIsieMbIX Harpsokenuem - Arbitrary behavioral voltage source,
WM 3aBUCHMBIX HCTOYHHMKOB HarpsiokeHus - Voltage Dependent Voltage Sourcéda puc. 1
IIOKa3aHbl IIPUMEPBI PCATH3ALNH IPOCTHIX (PYHKIIMI.

func F1(x) {x**5}

out=0.9*abs(in) | | out=func(in) | 5 out=Laplace(in]
[in > | > : t> | } =out1 )2 | > :;eutz >
R2 Bl
16 § 16 i § : i
SINE{0 1 1K) ; § ; i
V=0.9"abs(V(in)) V=F1{V(in)) ' Laplace(1e4!(1+s"2]}
1 2 tran02m 0 1u 3

Puc.1. [Ipumepor peanuzayuu npou3soIbHbIX HYHKYU.

3neck npencrasieH crangapTHeiil ncrounuk V1 cuimryconpansnoro Bosaeiictsust SINE ¢
amiutynoit 1V u yacroroit 1KHZz. Mcrounnk mMeeT BBIXOHON TEPMHHAI ¢ METKOH “in”. Curaan
ATOTO TEPMHUHAJIA TTOJACTCSA Ha BXOIBI TPEX (PYHKIIMOHAIBHBIX TCHEPATOPOB BBIACICHHBIX HA CXEME
IIYHKTHPOM!:
1. ®dynxmroHaNBLHEINA TeHepaTop Ha syeMenTe Bl ¢ sBHBIM yKa3aHueM MOJACTUPYeMOH (PpyHKINH.
Hanpsoxenne reneparopa 3agano seipakenuem V=0.9*abs(V(in)). 3xecs V(in) —Hanpsokernne

HA BXOJIHOM TepMHuHaie “in”.
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2. OyHKUMOHAIBHBIN reHepaTop Ha 3aeMeHTe B2 ¢ ykazaHneM CCbUIKM Ha MOAEIMPYEMYIO
¢dyukimio ¢ mmeHem F1, KOTopoii, B KauecTBe napamerpa, rnepeaaercs Hanpspkenue V(in) na
BXOJHOM TEPMHHAJIC.
®Oyukius F1 onrcana pupexruBoit .func FL(X){x**5}
3neck “.func” kiroueBoe cI0BO it 0003HAUCHUS (PYHKLIMH; ITApaMeTp PYHKIMU B KPYIIIbIX
ckoOKax (eciiu mapaMeTpoB HECKOJIBKO OHHU Pa3ACISIOTCS 3aISTHIME); TEIO (YHKLNH B
(UTypHBIX CKOOKaX.

3. dynxkumoHanbHBIN reHeparop Ha emente E1. 3xeck ucnonp3yercs kimodesoe cioeo Laplace
st 0003HaueHAS (PYHKIIMOHAIILHON 3aBUCHMOCTH B BHIC TipeoOpa3oBanus Jlammaca ot
9acTOTHOTO Mapamerpa S.

Ha puc. 2 moka3ansl mpuMepbl BPEMEHHBIX peaTM3aliiii OTKINKA PACCMOTPCHHBIX BBIIIC
(YHKIMOHATLHBIX MOIYJICH HA CHHYCOMAATBHOC BXOIHOE BO3ACHCTBHE.

o Y[outl] Y[out2]
1 UY

0.8v
0.6v , 3 ;

0.4v=

L] T L] L] L] L] T L] L]
0.0ms 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms 1.2ms 1.4ms 1.6ms 1.8ms 2.0ms

Puc.2. [Ipumepor 8pemennsix peanu3ayuti OMKIUKO8 (HYHKYUOHATbHBIX MOOYVIEl.

KomMOuHupYyst pacCMOTPEHHBIC BBIIIC SICMEHTHI MOKHO MOIYYHTH JI00BIC TpeOyeMbIe
(YHKIMOHATLHBIC 3aBUCUMOCTH. FIMEHHO TakuM 06pa3oM M ObLTH CKOHCTPYHPOBAHBI
JOTIOTHUTEIBHBIC 3JIEMCHTHI.

LTspicenmeer BCTPOSHHBIN peAakTOp rpadudeckux cuMBOJIOB. C MOMOIIBIO 3TOTO
penakTopa MOKHO cO37aBaTh rpadmucckue 06pa3sl cHMBOIOB. Ha prc.3 mokasan npumep okna
rpapuIecKoro peakTopa CHMBOJIOB M HAOOp TpapuaeCKuX MPHMHATHBOB.

mLinear Technology LTspice;/SwitcherCAD III - [Untitled]

T Eile Edit Hierarchy w Wiew Tools Window Help ;Iilll
[BeEF]] = v ([REDERE|i=eMAa8(L L0 <]
3 Rect R
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' (T Arc 3
=53 Line Skyle
An Text T

7
Puc.3. Okno epaghuueckozo pedakmopa cUM8008 ¢ RpUMepamu 2paguuecKkux RPUMUMUBOS.

C IOMOILBIO ATOTO PENaKTOpa MOXKHO CO3JaTh MPAKTHICCKH 000 N300paskeHUS IS
rpadpudeckoro 0603HaYCHUST CHMBOJIA.

JUJ1st TIOTHOTO ONPEACICHIS CHMBOJIA HEOOXOAMMO YKa3aTh TCPMHHAIBI, K KOTOPBIM
HOJKJIFOYAKOTCS IIPOBOJHUKH CBSI3CH; YKa3aTh UMl IIPOLEAYPHI ((PyHKIMK) 1 UMs OUOIHOTCIHOTO
¢aiina co SPICEenmmcannem storo sementa. Bce SPICEencanns JONOTHATEIBHBIX 3JICMEHTOB
oubimoreku Sig&SysProccobpansr B daitie Sig&SysProc.lib.
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3. Onmucanue GPyHKUMOHAIBbHBIX 3J1eMEHTOB

Onmcanust CHMBOJIOB HaXosTcs B (ailiiax ¢ paciinpenneM *.asy.Otn (aiibl JOIHKHEI
Haxoxautcs B manke ... \LTspicelV\LIb\Sym\Sig&SysProc\ I'paguueckne n300paxeHnst CHMBOJIOB
M MX aTpUOyTHl MPUBEICHBI B CICAYIOINX TaOIMIIAX TEMAaTHUYCCKUX Pa3CioB.

B Tabnmnmax ykaszansl aTpuOyTBI 2JICMCHTOB 32/1aBACMBIX 110 YMOIYAHUIO. SHAUCHHS
aTpuOyTOB MOXXHO H3MCHATH Ha TPEOyEeMbIC 3HAUCHUS B OKHE CBOWMCTB 3JeMeHTA. /|11 BEI30Ba OKHA
CBOMCTB BJIEMEHTA CIEAYET IUEIKHYTh IIPABOM KHOIIKOH MBIIIHN HA 3JIEMEHTE.

HexoTtopele n3 3IIEMECHTOB MMEIOT HECKOJIBKO BAPHAHTOB N300PaKECHUS, B T.4. 36PKATBHOTO
M300pakeHIs — BXO/I CIIpaBa, BBIXO/ CJICBA. MIMeHa TaKUX 3JIEMEHTOB UMCIOT JOTIOIHUTCIBHBIC
cyhHKCH B KOHIIC UMCHH.

HaGop 0a30BbIX 3JIEMEHTOB
BHCCB PACIIOJIOKCHEBI 4aCTO UCIOJIBL3YCMBIC 3JICMCHTBI, TAKUC KakK. CIIO)KCHHC, BEIUMTAHHUC,
YMHOXCHHE, KOHCTAHTA, MacIITabupyIoliee 3BeHO, HHBEPTOP.

Ha3sBanue
HasHaseHio N300paxenne ATpHuOYTHI
Attribute Value
Prefix X
Sum.asy SpiceModel [ Sum
Value
Value?2
Suml.asy ; SpiceLine
Cymma SpiceLine2
Description
ModelFile Sig&SysProc.lik
Attribute Value
Subtr.asy Prefix X
SpiceModel | Subtr
Subtrl.asy Value

Value2
SpicelLine
Subtr2.asy SpiceLine2
Pa3snocTs Description
ModelFile Sig&SysProc.lik

Attribute Value
Prefix X

MUI'aSy SpiceModel | Mul
Value

Mull.asy - ; — Value2
SpicelLine

YMHOXKCHHUE SpiceLine2
Description
ModelFile Sig&SysProc.lik
Attribute Value
Prefix X
SpiceModel | Const
Value C=

Const.asy 1. 0 - Value?2 1.0

Koucranra — SpicelLine
SpicelLine2
Description

ModelFile Sig&SysProc.lik




Attribute Value
Prefix X
1 0 SpiceModel | Amp
Scale.asy ) Value =
MacirraOHbIH Va!ueZ_ 1.0
YCHIIUTCIID Sp!ceL!ne
SpiceLine2
Description
ModelFile Sig&SysProc.lik
Attribute Value
Prefix X
1 _0 SpiceModel | Amplinv
Value K=
Invertor.asy Value? 10
HuBeprop SpiceLine
SpicelLine2
Description
ModelFile Sig&SysProc.lik
IntDif
bubimoteka uaTErpupyIOmuX 1 AudGepeHIMPYIONINX 3BEHLCB.
Ha3sBanue
HasHaseHio N300paxenne ATpHuOYTHI
Attribute Value
Prefix X
Deriv.asy 1.0 1.0 SpiceModel | Deriv
d d Value K=
: ] -~ - _] | | Value2 1.0
Deriv_.asy >K gt k Jt T [soicelie
ITIponsBonHas SpiceLine2
Description
ModelFile Sig&SysProc.lik
Attribute Value
Prefix X
DerivT.asy SpiceModel | DerivT
1e-3 1e-3 Value T=1e-3
; Value2
DerivT_.asy —>T£ — Ti <4— | SpiceLine
ITIponsBonHas dt dt SpiceLine2
Description
ModelFile Sig&SysProc.lik
Attribute Value
Prefix X
Integral.asy 1.0 1.0 SpiceModel | Integ
- - Value K=
Integral_.asy —>kfdt L kfdt 4 | Vvalue2 1.0
SpicelLine
Urrerpan SpiceLine2
Description
ModelFile Sig&SysProc.lik




Attribute Value
Prefix X
IntegralT.asy 1e-3 1e-3 SpiceModel | IntegT
Value =
IntegralT_.asy >1 fdt L 1_f dt< Value2 le-3
T T SpiceLine
Urrerpan SpiceLine2
Description
ModelFile Sig&SysProc.lil
DynUnits
BI/I6JII/IOTCK3. THIIOBBIX THWHAMHWYCCKUX 3BCHLCB, 3a1aBACMbIX YPABHCHHUAMU Jlamaca.
Hassanne N300pakenne ATpudyTHI
Hasnagcumne
Attribute Value
Prefix X
SpiceModel | Amp
Amp.asy 1.0 Value K=
Juneiinoe —+ k \S/S:ggfin o 1.0
3BCHO SpiceLine2
Description
ModelFile Sig&SysProc.lif
Attribute Value
1e-3 Prefix X
Dif.asy SpiceModel | DifK
— k*p | Value K=
Value?2 le-3
Hudpdepeniupyromee SpiceLine | T=1
3BCHO SpiceLine2
Description
ModelFile Sig&SysProc.lik
Attribute Value
Prefix X
DifT.asy 1e-3 SpiceModel | DifK
Value T=
%* Value2 le-3
Hudpdepeniupyromee -+ TP [ SpiceLine | K=1
3BCHO SpiceLine2
Description
ModelFile Sig&SysProc.lik
Attribute Value
Prefix X
Int.asy 1e-3 SpiceModel | IntK
Value T=
- 1 | Value?2 le-3
Hurerpupyomee T*p SpiceLine | K=1
3BCHO SpiceLine2
Description
ModelFile Sig&SysProc.lik




Attribute Value
Prefix X
IntK.asy 1e3 \S/p:ceModeI IntK
alue =
. LS ValueZ 13
HTCTPUPYIOLLEE p SpiceLine T=1
3BCHO SpiceLine2
Description
ModelFile Sig&SysProc.lik
Attribute Value
k=1 Prefix X
IntKT.asy SpiceModel | IntK
k Value K=1
-+ — Value2 T=1e-3
Hurerpupyrowuee T"p SpiceLine
3BCHO ———
— SpiceLine2
T=1e-3 Description
ModelFile Sig&SysProc.lif
Attribute Value
Prefix X
. k=1e-3 : _
leDeIay.asy SpiceModel | DifDelayK
k*p Value T=1e-3
-+ — Value?2 K=1e-3
ﬂn(b(bepeHquyIOHluee 1+T*p SpiceLine
3BCHO C 3aJCP>KKOU — SpiceLine2
T=1e-3 Description
ModelFile Sig&SysProc.lik
Attribute Value
Prefix X
IntDelay.asy 1e-3 SpiceModel | IntDelayK
1 Value T=
_ [ Value2 le-3
I/IHTCTPI’IPYIOH.ICCU > 1+T*p SpiceLine K=1
3BCHO C 3aJCP>KKOU SpiceLine?
Description
ModelFile Sig&SysProc.lik
ttribute alue
Attrib Val
k=1 Prgfix X
IntDeIayK.asy " \S/p:ceModeI II<nt1DeIayK
alue =
— o Value?2 T=1e-3
Wnrerpupyromee 1+T*p SpiceLine
3BCHO C 3aJCP>KKOU — SpiceLine2
T=1e-3 Description
ModelFile Sig&SysProc.lik
Attribute Value
E=0.3 Prefix X
Osc.asy 1 SpiceModel | OscK
Value E=0.3
o >1+2*T*E*p | Value2 T=1e-3
CIHUIIISATOP C +(T*p);\2 SpiceLine K=1
3aTyXaHueM SpiceLine2
T=1e-3 Description
ModelFile Sig&SysProc.lik




Attribute Value
k=1 Prefix X
OscK.asy k SpiceModel | OscK
Value K=1
—1+2*"T*"E*p — Value? E=0.3 T=1e-3
‘Zii“yiiﬁi‘;ic +(T*p)"*2 SpiceLine
SpicelLine2
E=0.3 T=1e-3 Description
ModelFile Sig&SysProc.lik
Lap.asy Attribute Value
func Prefix X
. - — SpiceModel | Laplace...
-apo-asy Wip)-) Valoe :
Lap4.asy Value2
func func SpiceLine
3BeHbS 3aaHHBIE -+ — -+ — | SpiceLine2
YPaBHEHHAMHU WO(p){...} W4(p){...} Description
Jlaraca ModelFile Sig&SysProc.lif
Jlns 3BeHa 3a7jaHHOrO ypaBHeHMEeM Jlamaca caeayer ykasaTh aupekTuBy Buaa: .func W(p){...}
['ne B Tene GpyHKIMU B (PUTYPHBIX CKOOKAX yKa3aTh HEOOX0AUMOE alrebpanieckoe BHIPAKCHHE OT
JacTOTHOTO MapameTpa P. B 6ubmmoteke mpenycMoTpero 6 3arotook mon ¢gyuakumm W(p), WO(p),
W1(p), W2(p), W3(p), W4(p).

Functions
bn6imoTteka 4acTo UCIONB3yEeMBIX M OTIPEACIICMBIX TOb30BaTeneM ¢pynkunii. Hencnons3zyembie
1oJIst aTprOyTOB B TAOIHUIIEC OITYILICHEI.

HazBanue
Hasnauenie N300paxenne ATpHGYTHI
i Attribute Value
sinx.asy » SiN(x Prefix X
sin(x) ( ) SpiceModel | sinX
ModelFile Sig&SysProc.lily
Attribute Value
cosx.asy — COS(X) - Prefix X
cos(x) SpiceModel | cosX
ModelFile Sig&SysProc.lily
i Attribute Value
sineX.asy —>Sinc(x) B L <
sinc(x)=sin(x)/x SpiceModel | sincX

ModelFile Sig&SysProc.lif
Attribute Value

expx.asy - exp(x) Prefix X
exp(x) SpiceModel | expX
ModelFile Sig&SysProc.lif
LnX.asy Attribute Value

— | Prefix X
P Ln(X) SpiceModel | LnX

ModelFile Sig&SysProc.lif
Attribute Value

Prefix X
> LOQ(X) SpiceModel | LogX

ModelFile Sig&SysProc.lif

Ln(X) HarypaibHbIii

LogX.asy

Log(x) necsaruynbrit




Attribute Value
PowN.asy Prefix X
2 2 Sp:ceModeI powN
Value =
POWN_.asy XA |- XA Value2 2
N SpiceLine
X BO3BCIACHHC B SpiceLine2
CTCIICHB Description
ModelFile Sig&SysProc.lik
Func.asy Attribute | Value
func Prefix X
FuncO.asy —+ — SpiceModel | Func...
Y(x)...} Value
Func4.asy Value2
func func SpiceLine
Oynkmn P — P SpiceLine2
3a712BACMBIC YO(x){...} Y4(x){...} Description
IOJIB30BATEIEM ModelFile Sig&SysProc.lik

Jns pyHKIMIT 3a1aBaGMBIX TIOJIB30BATENIEM CIIETyeT yKazaTh AupekTuBy Buaa: .func Y(x){...}
I'ze B Tene GpyHKIMM B pUTYPHBIX CKOOKAX yKa3aTh HEOOX0AMMOE anreOpamdeckoe BEIpaKEHIE OT
mapaMeTpa X. B 6ubmuoteke mpeaycMotpero 6 3arotoBok moj ¢pyukiue Y(X), YO(X), Y1(x), Y2(X),

Y3(x), Y4(x).

noLine
bubnmoreka HETHHEHHBIX 3BCHBCB M 3BCHBEB C THCTEPE3HCOM.
Haspanne N300pakenne ATpudyTHI
Hasnagcumne
Attribute Value
. = Prefix X
Limit.asy M SpiceModel | LimitB
Hi Value Hi=0.5
JByXCTOpOHHMI g — Value2 Lo=-0.5
OTPAHWYHTEID Lo SpicelLine
CBCPXY M CHU3Y Lo=-0.5 Spicel__in_eZ
Description
ModelFile Sig&SysProc.lik
Attribute Value
Prefix X
Dead.asy SpiceModel | Dead
Value U=0.5
. Value2 D=-0.5
3BCH(3 C MCPTBOM SpiceLine
30HOH Ha HYIJIC SpiceLin62
Description
ModelFile Sig&SysProc.lik
Attribute Value
= Prefix X
DeadB.asy u=0.5 SpiceModel | DeadB
d Value U=0.5
3BeHO ¢ MEPTBOIH > o L Value2 D=-0.5
30HOM HA 33JAHHOM _ L=0 SpiceLine L=0
OBHE — SpicelLine2
P d=-0.5 Description
ModelFile Sig&SysProc.lik
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Attribute Value
Hyster.asy h=0.5 Prefix X
-h SpiceModel | Hyster
3 : Value H=0.5
Beto ¢ —p| | Value2 T=0.0

THCTEPE3UCOM U : SpiceLine
BBIXOJITHBIMHU +h SpiceLine2
ypoBusimu Om 1 t=0.0 Description

ModelFile Sig&SysProc.lik

HvsterB Attribute Value
sterb.as -
= SpiceModel | HysterB

3BeHO ¢ d ‘ Hi Value H=0.5 Hi=1
TUCTEPC3UCOM H -t ul— Value2 T=0.0 Lo=-1
32IAHHBIMH Lo SpiceLine

SpiceLine2
;IE,I;( N d=-0.5 Lo=-1 Dgscription

BHAMH
ModelFile Sig&SysProc.lik
Stimul

bnbimoreka MCTOYHMKOB CTUMYITHPYIONIMX BO3ACHCTBII. Hemncmonb3yemsle mois aTpuOyToB B

Ta0JINIE OIMYIICHEI.

Ha3Baunmue
——— N300paxkenne ATpudyTHI
genStepl.asy Attribute Value
1 | Prefix X
Crynenvaras 0 SpiceModel| GenStepl
enMHNIHAs (PYHKINS ModelFile | Sig&SysProc.lik
genTime.asy Attribute | Value
; Prefix X
Jluneitnas Gyakums Time SpiceModel| GenTime
(Bpemst) ModelFile | Sig&SysProc.lik
Attribute  |Value
genSin.asy Prefix X __
1e3 SpiceModel| genSinA
C . . Value Fr=
MHYCOM AQIIbHBIH sin f B Value? 1e3
CHIHAIL 3a]aHHOH /\_/ SpiceLine | A=1
qacTOThl CAUHUYHOU SpiceLineZ
AMILTHTY b Description
ModelFile | Sig&SysProc.lili
Attribute | Value
enSinA.as - Prefix X
g y Fr=1e3 SpiceModel| genSinA
o A*sin f Value Fr=1e3
CI/IHyCOI/I,Z[aJIBHB‘IJI/I [ Value? A=1
CHUTHAJI 3aJaHHOU SpiceLine
HacTOTRl 1 =1 SpiceLine2
AMILTHTY b Description
ModelFile | Sig&SysProc.lil
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. Attribute Value
gensinW.asy Prefix X
6.3e3 SpiceModel | genSinAW
CunyconabHBIN - Value Wif=
CHUTHAJI 33JIaHHOM sih'w | Value?2 6.3e3
KpYTOBOM 4acTOThbI Sp?ceL?ne A=1
CIUHUYHOUN Sp|Ce|_—|n_92
AMILIATY/IBI Description
ModelFile Sig&SysProc.lik
Attribute Value
enSinAW.as B Prefix X
g y Wf=6.3e3 SpiceModel | genSinAW
* o =
CunyconabHBIN A*sinw | xz:ﬂgz \szf 16'363
CHATHAII 3Ua;[aHH0171 SpiceLine
KPYTroBon 4aCTOThI © =1 SpiceLineZ
AMILTHTYIIBI Description
ModelFile Sig&SysProc.lif
Attribute Value
genCLK_F.asy Prefix X
1K SpiceModel | genCLK_F
I'eneparop meanapa f x::ﬂgz E::B
3aJIAHHOM YaCTOTHI _|_|_|_| — SpiceLine Q=05
C BBIXOJHBIM SpiceLineZ
yposaem ot 0 10 1 Description
ModelFile Sig&SysProc.lik
Attribute Value
genCLK_T.asy Prefix X
1m SpiceModel | genCLK_T
r Value T=
CHepaTop Meanapa T B Value? 163
3aJJAHHOTO TTEPHO/IA I | I | SpiceLine 0=05
C BBIXOJHBIM SpiceLineZ
yposaeM ot 0 o 1 Description
ModelFile Sig&SysProc.lif
dT=1m Ton=1m Attribute Value
genPulse.asy o Brofix X
| SpiceModel | genPulseB
I'eneparop dT Value dT=1m Ton=1nj
IIPSAMOYTOJIBHBIX P_ =100 Value?2 Period=100m
HUMILYJIbCOB dT- 3a;[ep>KeI{aI19 —10om SpicelLine Lo=0 Hi=1
' SpiceLine2
¢ BHXOHHHMO 1 Ton —IHTENEHOCTD BKIIOUYEHHS Dgs cription
yposHeM ot 0 10 .
Period -epuon osroperms ModelFile | Sig&SysProc.lit
genPulseB.asy piiS A mMEIONS I Attribute | Value
Hi=1 Ton |Hi Prefix X
Tereparop SpiceModel | genPulseB
IIPSIMOYTOIBHBIX Lo=1| 9T Lo Value dT=_1m_Ton=1rr
MMITYITECOB Period=100m anlues Peripa=1o8m
) piceLine i=
© SAAAIIBIMI dT- sanepaxa; SpiceLine2 | Lo=-1
BBIXOAHBIMH Ton —IMTEeIbHOCTD BKIIOUCHUS, Description
oBHsimu LO 1 Hi Period -aepuog mosropenus e : :
yP PHOIL p ModelFile Sig&SysProc.lik
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. dT=0 Tr=50m Tf=50m Attribute  |Value
genLine.asy TNTE Brofix X
| SpiceModel| genLineB
I'eneparop dT Value dT=1m Ton=1n
TPEYTOJbHBIX — Value?2 Period=100m
HMITYJIBCOB P?rmd oom SpiceLine | Lo=0 Hi=1
dT-3anepxka; Tr, Tf — purensHOCTH — =
¢ BLIXOOHBIM . SpicelLine2
Hapacrauus ¥ ciaja; Period Hepuon s
yposrem ot 0 1o 1 Description
TTOBTOPCHI ModelFile | Sig&SysProc.li
genLineB.asy dT=0 Tr=50m T=50m Attrlpute Value
Hi=1 Hi Prefix X
I'eneparop A_ Sp:ceModeI %enLineB
Value T=1m Ton=1nj
TPEYTOJILHBIX
HILHYF IHCOB Lo=-1[4L/ Lo Value2 Period=100m
y Period=100m SpicelLine Hi=1
C 3a/IaHHBIMH dT-3anepxka; Tr, Tf — purensHOCTH SpiceLine2 | Lo=-1
BBIXOAHBIMH _ Hapacranus ¥ criazna; Period -Hepros Description
yposiamu Lo w Hi TIOBTOPCHI ModelFile | Sig&SysProc.lil
Tr=1m Ton=1m Tf=1m Attribute  |Value
genTrap.asy — Brofix X
Tr, TIf | SpiceModel| genLineB
I'eneparop dT Value dT=1m Ton=1n
TpaneuuuaaIbHbIX dT=0 Period=100m Va!ueZ_ Period=.100m
HMILYJIbCOB dT- sanepa; Tr, Ton, Tf - SpiceLine | Lo=0 Hi=1
¢ BLIXOOHBIM SpiceLine2
JUTHTEIILHOCTH HAPACTAHMS, BKIIOUCHHUS —
yposrem ot 0 g0 1 u criana; Period -Hepro moBropeHus Description
Aa, PHOA p ModelFile | Sig&SysProc.lif
Tr=1m Ton=1m Tf=1m Attribute | Value
genTrapB.asy Hi=1 =om\Hi Prefix X
I'eneparop Tr T SpiceModel| genTrapB
TpaneuuHJaIbHbIX i dT Lo xa:ue2 (E)T;lrg ':Iigg:lrr
= alue eriod=100m
MMITYIILCOB dT=0 Period=100m SpiceLine | Hi=1
C 3aJaHHBIMH dT- 3amepxka; Tr, Ton, Tf - SpiceLine2 | Lo=-1
BBIXOTHBIMH JUIHTEILHOCTH HAPACTAHHU, BKIHOYCHHS. [ Dascrintion
oBassMu LO 1 Hi - Period s . .
P ¥ ciana, Ferod Hepuoa MOBTOpeHHA | ModelFile | Sig&SysProc.lif
TimeDomain
bubimoTteka 3M€MEHTOB U MOJCIMPOBAHUS 00pabOTKHN M (IIIBTPALMK BO BPEMCHHOMN O0JIACTH.
Ha3Banue
Hasradere N300pakenne ATpudyTHI
Attribute  |Value
CLK_F.asy Prefix X
1K SpiceModel| genCLK_F
I'eneparop y3xmx Value Fr=
HMILYJIBCOB f | | | | | Value2 le3
3aJJAaHHOM YacTOTHI Sp?ceL?ne Q=0.1
¢ BLIXOOHBIM Splcel._ln.e2
yposrem ot 010 1 Description
ModelFile | Sig&SysProc.lib
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Attribute Value

CLK_T.asy Prefix X
1m SpiceModel| genCLK_T
I'eneparop y3xmx Value T=
HMITYJIECOB T_|_|_|_| | Value2 le-3
3aIaHHOT0 TIEpHoaa SpiceLine | Q=0.1
¢ BLIXOOHBIM Spicel._in'eZ
yposrem ot 0 1o 1 Description

ModelFile | Sig&SysProc.lib
Attribute | Value

delay.asy 1e-3 Prefix X
SpiceModel| delayT
—>dE|ay — Value T=
3axepxka Ha Value2 le-3
3aJJTaHHOC BpeMs SpicelLine

ModelFile | Sig&SysProc.lib
Attribute | Value

Zl.asy —h -1 L -1<_ Prefix X
Z Z SpiceModel| delayT
Z1 .asy Value T=1m
VY 100HO KBAaHT BPEMEHH OIPEICINUTE B Value2
3azepxKa Ha SpiceLine
. aTpuOyTax OJHHM OOIINM ISt BCEX e
3aJJaHHBIN KBAHT . SpicelLine2
S _Brﬂel\_/ll_e}IIEOB napaMeTp_I(_)Ml.kHaanMep. Description
={Tc .param Tclk=...
{ bup ModelFile | Sig&SysProc.lib
Attribute Value
S&H2.asy S&H S Prefix X
in SpiceModel| S&H2
DJIEMEHT BBEIOOPKH —To — Value
5 S&H Value2
H XpaHCHUA _> ...... 3 Ue. .
(Sample and Hold) CLK Description

ModelFile | Sig&SysProc.lib

Onement S&H2 umeer nBa Bxona: in u CLK , u nBa Beixona: Su S&H.

BxomHoit curnai in mogaercs Ha kio4. Kiroy yrpapisiercsi CHTHAJIOM CHHXPOHHU3ALHH
CLK, n ¢pukcnpyeT aMIumTy Iy CUTHAIA TIO TIepeAHeMy (PPOHTY CHUTHAIIA CHHX POHH3AIIHH.

Ha Beixozne xpanenns S&H coxpansercs 3apuKCHpOBaHHOEC B MOMEHT BEIOOPKH 3HAYCHHC
aMITTUTYBI CHTHAJIA.

Ha Beixozne S dopmupyercst AMCKPETHBIH CHTHAI IIMPHHON HMITYIbCa CHHXPOHNU3ALNHT 1
aMIDTUTYOH paBHON aMIITUTYAE 3adhUKCHpOBAaHHOTO curHana. Cxema (pUKCHpyeT BXOAHOW CUTHAI
Ha uHTepBaie, rae curiail CLK npesbliaeT ypoBeHb I10pora 3alaHHOIo B IIPOLEAYPE 11apaMeETPOM
Thr (110 ymomuanuto Thr=0.5).910 3HauCHNE MOKHO TIEPEOIPEACIINTD, YKAa3aB IBHO 3HAUCHUC
Thr=... B ctpoke Value oxna arpubyroB sjieMeHTa.

[Ipu ucmorb30BaHUH JUCKPETHOTO BBIX01a diieMeHTa S&H2 coBMecTHO ¢ aeMeHTaMu
3aJCPKKH CICIYET YIUTHIBATh, YTO H3MCHCHHUS CHTHAJA MIPUBS3aHEI K IIEpeIHeMY (PpOHTY CHTHAJIa
CHHXpOHM3aIMH. [103TOMY, IPH BOCCTAHOBICHIH CUTHAJIA W3 TUCKPETHBIX IO BPEMCHH 3HAYCHUH
aMIUIATYH, CIICAYET BBOAUTH HSOOJIBLIYIO JOIOIHHTSILHYIO 3a1CPXKKY (ITOPSIKA OJIOBHHEI
IIMPHUHBI UMITYJIBCA CHHXPOHH3ALIMH), C TEM, Y4TO Obl BEIBECTH TOUKY BBIOOPKH M3 00JacTi hpoHTa
CHTHaJIA B 00JIACTh YCTOMYMBBIX 3HAUCHHH TTOCEPEANHE MMITYIBCHOTO CUTHANA.

Ha puc.4 u 5 nmpuBenensl mpuMephl CXeMbI 00pab0oTKH CHTHANIA BO BPEMECHHOM 061acTh 1
BPEMCHHBIC IMArPaMMBl CHTHAJIOB B XapaKTEPHBIX TOUYKAX CXCMBEI.



Fr=100

out

A*sin f

Fr=10

A=0.1

n s
o
+ CLK| |

{/Tclk}

A*sin f

A=1

1.2¢

LT
.param Tclk=2m .tran 100m
Puc.A. Ilpumep modenuposanus 00pabomxu CUsHANI08 80 8PEMEHHOU 001ACMU.

Viin] Viout) Viclk)

1.0v=
0.8v=
0.6v=
0.4v=

0.2v= —
0.0V

/.

-0.2v
-0.4v
-0.6v-
-0.8v-
-1.0v-

SR L

Oms

L L L L L L L L L
10ms 20ms 30ms A0ms 50ms 60ms 70ms 80ms 90ms 100ms

Puc5. BpeMeHHble peanusayui CUCHANI06 6 XAPAKMEPHbIX MOYKAX CXeMbl
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|l. BubdanoTeka TOoMOJHUATEIbHBIX dIeMeHTOB DigitalLogic

Dra 6uGIMOTEKA HCIIOIB3YET CTAHAAPTHRIC OIMMCAHHS MOICICH IM(POBBIX DICMEHTOB U3
nakera LTspice,Ho ¢ nisiMu, 60J1ce IPUBLIYHBIMA H, BO3MOKHO, 00J1€¢ IIOHSTHBIMH
0003HAYECHUSIMH 3THX DIEMEHTOB.

Hmxe mokasams! OMOIHHTCIIBHEIC deMeHTh Onbrorekn DigitalLogic. Heobxomnmo
CKOITMPOBAaTh 3Ty OMbroTeKy, nanka Lib ¢ nogmankamu Symu Sub, B manky LTspicelV .. [Ipu

CTaHIAPTHON yCTAHOBKE IIPOTPaMMBI LICIIEBAs I1AIIKA HAXOAHUTCA 110 apeECy
C:\Program_Files\LTC\LTspicelV\.
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Puc.6. Bazosvie no2uueckue snemenmol.

u17

Y

u21 u22 u23 U29
—4po|T|a— -po|T|a}— -p|T|a— I+ I[o-
dc| l[ap- | l[ap- ¢ |ap- ';
< i ap-
—R
u24 u27 u28 “Td=10n
LsTlal= ct[ao}- ct[ao}-
N I T il et I Tl b u30
—IR ap- c Q2}- Q2 g -
Q3}- <5l B al—
u25 U26 —C
CcT CcT —K ap-
|2 |of $Cl2|la} 4R
Td=10n

Puc.7. Tpueeepvl u cuemuuxu.



