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Anunomayus ~ —  Jloklag ~ TpPeACTaBISIET  HCCCISJOBAHHE
BO3MOXKHOCTH HCIIOJIb30BaHHsI aHAJIOTOBOro moamuoxecrsa VHDL -
AMS nust enelt MoteTMpOBaHHs 1Ienel MeTooM ['apMOHHYECKOTO
Bananca u npeqiaraer pacuIMpeHHs SI36IKA B YACTOTHOM 00IACTH ISt

yBeHquHHﬂ FHGKOCTH MOHeHHpOBaHHH u pacmeeHHﬂ
MO}IeJ‘II/IpyeMOFO KJ1acca ueneifl.
1. BEOEHUE

B TeyeHne nocnegHux netr ObiMM  MNPUIOXKEHBI
CyLLeCTBEHHble ycunua B obnactu pas3paboTku A3bIKOB
OnucaHus annapaTHelX cpefcTsB. [lBa s3blka onncaHus
annapaTtHoro obecneyeHuss LMMPOBLIX U aHanoroBbix
uenei nonyyunu cratyc ctaHgapta — VHDL-AMS u
Verilog-AMS. 3T0 BaxHOe [JOCTWXKEHMWE, MOCKOMbKY
OTKpbIBaeT cnocob Ana craHagapTusaumn GubnumoTek
3M1eMeHTOB W OTKpbITME pbiHKa obMeHa mogenamu [3].
OpHako oba A3blka O3Ha4eHbl KaK SA3blKM ONUCaHWs
MoZeneil BO BpeMeHHO obnactu 1 He nNoadepXusaroT
MOAenvMpoBaHUe B YacTOTHOW obnacTtu, 4to TpebyeTtca
ans GonbluMHcTBa paguoyacToTHeix M CBY 3apau.
Bonee Toro, VHDL-AMS He cogepXuT CTporo
onpeAeneHHoro aHanoroBoro NogMHOXecCTBa.

HacTosiwaa ctaTea MMeeT Lenblo MokasaTk, YTO
cyllecTByeT orpaHuyeHHoe nogMHoxectso VHDL-
AMS, KOTOpOro OCTaTOMHO AN1A ONUCaHNA aHanoroBbix
uenen U npeanoxutb pacwmpeHune VHDL-AMS Aans
Lenen MOAENMpPOBaHNUA B YacTOTHOW obnacTu.

2. METOQ FTAPMOHMYECKOIO BANAHCA

YpaBHeHNE HENPEPLIBHOW (aHanoroBon) Lenu MoXeT
BbITb chopmMynmpoBaHa crnegytoLum obpasom:
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PaccmatpuBas v u f ana ypasenus (1) kak psgbl
®dypbe U pgenas Heobxogumble npeobpasoBaHus,
ypaBHeHusA MapMmoHunyeckoro Banaxca (FB) MoryT GbITh
3anucaHbl TakuM o6pasom:
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YeCTBO YYTEHHbIX 4acToT, Y.Q. KBagpaTHble BroYHble
MaTpuLbl YacToT U UMMeLaHCoB.

Mockornbky BONbLUMHCTBO HernnHelnHocTen
MOAenupyeTcs BO peMeHHOW obnactu, nepeble ABa
yneHa ypaBHeHMA (2) OObIMHO BBIYWCMAIOTCA 4Yepes
BpeMeHHylo obnacTb C Mcrnonb3oBaHWeM ObICTpOro
npeobpasoBaHunsa Pypee (BINP) cnegyrowmm obpasom:
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AHanornyHo gna Q(V).
MonyyeHHoe ypaBHeHue (3) pelwaercd OOBIKHOBEHHO
SABHBIM UMM HESABHLIM MeTogoM HbtoToHa [4,6,7].

3. MoamMHOXECTBO VHDL-AMS

Bo3MOXHO BbLIAENUTL TP MaBHbIE YaCcTW A3bIKa, KOTOpbIe
CryXaT pasHbIM Liensm: onucebiBaTe LUpoBOe (4UCKPETHOE)
rnoBefjeHWe  KOMMOHEHTOB, OMNUCBIBaTb  HernpepbiBHOE
(aHanoroBoe) noBefeHWe KOMMOHEHT W  OMUCbIBaTb
cobcTBEHHO CTPYKTYypy uUenu (cucTemel). lNMocnegHss 4acTb
obecrneynBaeT pasbueHne LUenum Ha KOMMOHeHThl. OHa
NoAAepXUBaeT KOHCTPYKLMOHHBIE BO3ZMOXHOCTH AA3bIKA.

[uckpeTHaa 4YacTb peanusoBaHa C WCNOSMb3OBaHMEM
CUrHaroB W naparnneneHbIX onepaTtopoB. AHanorosas 4acTb
peanu3oBaHa 4epe3 BeNWYWHbI (MHBIMM  croBamu  —
nepemMeHHble Lenu), TepMWHanbl W OAHOBPEMEHHbIe
onepaTopbl (ypaBHeHWs). TpeTbs, YacTb OMNUCaHWA Lenw,
npefcTaBneHa ornepaTopoM BOMMOLWEHUA KOMMOHEHTa W
npefHasHa4yeHa Ans onpefeneHns Tonosornu Lenu.

Ha caMOM HWXHeM YypoBHEe MOAEeNn BCe KOMMOHEHTHI
onucelBaTeCA MPU  NOMOLWM  ypaBHEHUA. ITOT YpOBEHb
OMucaHus Cco3faeT OCHOBY AnsA paspaboTku 6ubnuoTek
mMogenei. PaspaboTynKk MOXeT CTPOUTb ypaBHeHWA Moo
CMOXHOCTK, BbI3bIBasg (YHKLUWMKU, WUCMOMb3ys Kak NpocTble
OfIHOBPEMEHHbIE OnepaTopkl, Tak U NpouefypHble, KOTopble
CTPOAT YpaBHEHWE U3 NOCNefoBaTerbHbIX BbIYUCIIEHWUNA.
PaspaboTunk MoxeT cosgaBaTb CBOW (PYHKLMM MCMOSb3YSA
Apyrue A3bIku 1 ucrnonb3osaTtb U3 B VHDL-AMS.

Hanpumep, 4To6bl onpeAenuTb HeMMHERHbIA peancTop:

entity nlr is -- uHTepdeMc cCymHOCTM

port(term nal a,b: electrical);
generic (r, r2: real); -- BennumHb
end entity;

- - CYHNHOCTB MOXeT VMEeTbk MHOITO apXMTeKTYP
architecture BEHAV_1 of nlr is

quantity U across Ir through a to b;
begi n

Ir*r

+ lr*lr*r2 == U, -- ypaBHeHue

end;

M ganee MOXHO UCMONb30BaTb:

R1:

entity nlr (BEHAV_1)
port map (t1l, out2) generic nmap(1200);
JononHuTenksHo, A3bIK  MNoAAepXUBaeT  HEeCKONbKO

anVI6yTOB, KOTOpbIE, MO3BONAKT NONMyYNUTb NPOU3BOAHbIE,
nHTEerpanel W 3aAepXKn BeJIMYUH. HaanMep, ecnu
onpegeneHo:

quantity a: real;
TO Aanee B Koge MOXHO UCMNONb3oBaTh:
.a’ dot ... --

.a'integ... --
.a' del ayed(1l.e-6) --

NpoMs3BOoOHaA OT a
MHTerpaJs oT a
a sanepxaHHasa Ha 1 US

OTO0 penaeT BO3MOXHbLIM WCNOSMb30BaHWE OMUCAHHOMo
nogmHoxectsa VHDL-AMS kak s3blka MOAenupoBaHus ans



nporpamMmmel aHanumsa MeTo40M rapMoHUYecKoro
SanaHca. V|CI'IOJ'Ib3yF| yKasaHHoe NOAMHOXecCTBO,
MOXHO OMNUChLIBaTb HENMHERHOE AWHaMun4yeckoe

noBefeHVWe BO BpeMeHHOW obrnacTu, COOTBETCTBYOLLEE
HernUHenHbIM UHTerpo-gnddepeHumnanbHbIM
ypaBHeHWAM C 3agepKkamu. OTO OTHOCUTLCS K YreHam
1un2VYp-4a(2).

B cnegytolleil cekuMnm paccMOTPeHbl oOnepaTopsl
pacLUMpeHusl, MO3BOMSALIME  MOAENWPOBaHWe B
YacToTHON obnacTy.

4. PAcWUMPEHMA ana METOOA B

Mockonbky VHDL-AMS onpefgeneH NOMHOCTbIO BO
BpeMeHHOW 0bnacTu, OH He COAepXWT CpeAcTs ANns
onpejerneHns NoBefeHWs B 4acTOTHOW obnactu. [ns
pacliMpeHns BO3MOXHOCTEA A3blka MpeanaraeTca
JOMNONHWTENbHBLIA aTpubyT, KOTOPBIA npefcTaBnseT
nsobpaxeHne HEKOTOpPOA BeNUYMHbI B YaCTOTHOM
obnactu.

Ecnn onpegeneHa BenndnMHa X, To ee obpasom
O6ypet XFD. Hanpumep gns KoHgeHcaTopa:
ic'FD == 2*mat h_j *mat h_p* FREQUENCY* C* uc’ FD,

FREQUENCY 3gecb — npegonpegeneHHas oyHKUUs
A3blKa, BO3BpaLlaoLas 3Ha4eHne TekyLLeid YacToThl.

Bonee obue:

x' FD==f unc( FREQUENCY, a, b, ¢) *y’ FD;

rae func() MoXeT onpeaensaTbCs Nonb3oBaTeNeM.

3HayeHna nmnegaHca Lenu MoryT ObiTb BbIMACIIEHbI
BO BpPeMS MOAENMpOBaHUA UNK BbIGpaHbl U3 BHELLHero
NCTOYHWKa — daiina unu 6asbl AaHHbIX

HeobxoanMmo 3ameTWTb, YTO MpejnonaraeTcs, 4To
nwoboit OJHOBPEMEHHbIN onepaTop, KoTopbIf
ucnonb3yeT BenuyuHy c atpubytom ‘FD B cyljHocTU
BeCb ornpeferieH B 4acTOTHON obnactu. HeBo3MOXHO
cMmewmnBaTe obnacTu BHYTPM OAHOrO onepartopa
(ypaBHeHMA). 3TO He NpPOTUBOPEYMT OOLLENPUHATON

npakTuKe, MOCKOMNbKY 06bI4HO ypaBHeHuUs
onpepensitoTcsa B 04HOIM oGnacTy.
OnucaHHoe paclumMpeHmne COOTBETCTBYET

cnaraemoMy 3 ypaBHeHWs (3), paclupsis  knacc
onucbiBaeMblX 3afjad Ha Lenu C pacnpeferneHHbIMU
napameTpamu W Apyrue NMUHenHble Lienu, Ans KOTOpPLIX
MPUrofiHO onMcaHue NoBefeHus B YacTOTHO oGnacTtu.

5. SAKNIOYEHUE

CdopmynuposaHo  nogmHoxectso  VHDL-AMS,
npurogHoe ANA  MOAenupoBaHWs  aHaroroBbIX
pPaAuo4acToTHbIX Leneid MeToAOM rapMOHWYECKOro

OanaHca. Tak e npeanoxeHel paclwmpeHus VHDL-
AMS ans mofenupoBaHNUsa B 4acTOTHON obnacTu.

Mogxoa yBenunyneaeT rmbKOCTb NPWU MOAENUPOBAHUN
paguoyactoTHbix M CBY KOMNOHEHT U pacwupser
Krnacc onucbiBaeMblX A3LIKOM 3afaq.

OTo MHOXecTBO fA3blka o6o3HayeHo kak VHDL-
AMS/FD w»n peanusoBaHO B nporpaMMe aHanusa
pagvo4acToTHbIX Lenei Rincon [5].
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This report shows that there is limited subset of VHDL-
AMS, which is sufficient to describe pure analog circuits and
to propose simple VHDL-AMS extension to get advantages
of frequency-domain modeling and simulation.

While VHDL-AMS standard [1] does not separate
language onto digital and analog parts, it is possible to
distinguish three main language parts, intended to serve
different purposes: describe digital (discrete) behavior of
components, describe analog (continuous) behavior of
components and structural description part.

Analog part is implemented through quantities (say -
unknowns of circuit), terminals (special kind of quantities,
supports  conservation semantic) and simultaneous
statements (represent equations). Given the equation
support, designers can build higher-level blocks mixing
lower-level blocks and equations, using quantities and
terminals to interconnect blocks. In addition, language
supports some attributes, which allow getting quantity
derivatives, integrals and delays.

That makes possible usage of described VHDL-AMS
subset as modeling language for Harmonic Balance
simulator. It allows description of nonlinear dynamic behavior
in time domain, correspondent to nonlinear integro-
differential equations. To extend language capabilities,
additional attribute is proposed, which represent image of
certain quantity in frequency domain.

For gioven quantity x attributed quantity X’FD will represent
frequency-domain image of x. Equations wil look like:

x' FD==f unc( FREQUENCY, a, b, ¢) *y’ FD;

where func() may be user defined and FREQUENCY here
is predefined language function returning value of current
frequency.

This extension correspondents to 3-rd term of Eq.(3) and
makes broader the class described circuits, including
distributed parameters circuits and other linear circuits, which
may be described in frequency-domain.

VHDL-AMS subset suitable for RF analog circuit
simulation by Harmonic Balance technique is described
along with possible Frequency-Domain modeling extensions.

Approach gives increasing flexibility in RF&MW
component modeling and broadens the class of tasks to be
described by language.

That set is called VHDL-AMS/FD and used in Rincon RF
circuit simulator [5].

Parts of presented work are made under contract with
Ridgetop Group., Inc.



