IEC 61691-6:2021-06(en) |EEE Std 1076.1-2017

$IEEE IEC 61691-6

Edition 2.0 2021-06

INTERNATIONAL IEEE Std 1076.1™
STANDARD

Behavioural languagesr+S T ANDARD PREVIEW
Part 6: VHDL Analog and TIS)%e‘Ei’I-IS ni\_l gtﬂ\gﬁ)hﬁl

IEC 61691-6:2021
https7/standards.iteh.ai/catalog/standards/sist/8b985bd2-91d8-45f4-8743-
cc01b79e61al/iec-61691-6-2021




THIS PUBLICATION IS COPYRIGHT PROTECTED

Copyright © 2017 IEEE

All rights reserved. IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by the Institute of
Electrical and Electronics Engineers, Inc. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and microfilm, without
permission in writing from the IEC Central Office. Any questions about IEEE copyright should be addressed to the
IEEE. Enquiries about obtaining additional rights to this publication and other information requests should be
addressed to the IEC or your local IEC member National Committee.

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland United States of America
Tel.: +41 22 919 02 11 stds.info@ieee.org
info@iec.ch www.ieee.org
www.iec.ch

Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue
New York, NY 10016-5997

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications Just 'Published
details all new publications released. Available online and
once a month by email.

IEC Customer Service Céentre/--webstore:iec.ch/csc

If you wish to give us your feedback on this_publication . or
need further assistance, please contact the Customer Service
Centre: sales@iec.ch.

IEC online collection - oc.iec.ch

Discover our powerful search engine and read freely all the
publications previews. With a subscription you will always
have access to up_to date content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 000 terminological entries in English
and French, with equivalent terms in 18 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV)-online.



< IEEE IEC 61691-6

Edition 2.0 2021-06

INTERNATIONAL IEEE Std 1076.1™
STANDARD

Behavioural languagés
Part 6: VHDL Analog and Mixed-Signal Extensions

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 25.040.01; 35.060 ISBN 978-2-8322-9830-5

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



IEC 61691-6:2021 © IEC 2021

i IEEE Std 1076.1™-2017
Contents
1. OVEIVIBW ...ttt ettt sttt b et e bt et b e e e e bt et e eb e eatesbeemeesh e em b e e bt em e e et e en e ebeemeeebeentesbeeneesbeensenbeas 15
O B o703 o T TP SRRURRPRIOt 15
1.2 PUIPOSE .ottt ettt ettt ettt e et e st e e et e e tbeeabee st e ebeesnb e et e e ere e e te e taeenbe e saeebeeteeasaaenseenns 15
1.3 Structure and terminology of this standard..............ccocoeviniiiiniiiine e 15
2. NOTMALIVE TETETEICES ...ttt ettt ettt ettt sttt et st e bt e b eaeenteebeestenbeeneentens 18
3. Design entities and CONTIGUIAtIONS........cooueiiiiiiiiieiieet ettt 19
T B € )1 1<) 1 OO RS TR USRS 19
3.2 ENtity deClarations. ... ...ccceeriiieriiiierie ettt ettt ettt ea ettt eae e nae s 19
3.3 ATChIteCture DOGIES ...cueiuieiiieieie ettt 22
3.4 Configuration deClarations .........coeeierieruieriiit ettt ettt s 25
4. Subprograms and PACKAZES ........eeueeruirtieiieiere ettt ettt ettt st ettt se et et e e et ebeeneenbean 32
O B € 1<) 1 1<) 1 ORI 32
4.2 Subprogram deClarations...........coeeueeueirirerireninteetententetetee ettt ettt ettt ettt ebesre b 32
4.3 SUbProgram DOGIES .......coerviriirieieieieieiirierieetest ettt ettt et ettt st st r b st ebe b b e 36
4.4  Subprogram instantiation declarations ... e oo crrensswrr s e sraremrgsmeome speseeveeveemesnessensenuensensenne 39
4.5  Subprogram overloading ./ ...t L i L LR 40
4.6 Resolution fUNCHIONS £ ieryusnsesBernrersassBengee Sedesne Faseresasaddnneesseensesseseesseesessesssessessesseensensesnes 42
4.7 Package declarations . .. .0 43
R o To) 2Tl 0T 1a B ST 45
4.9  Package instantiation declarations..0.. 07 02l L 46
4.10 Conformance rales . Cla Cala 0o slandards el 00700 D0 2 0t i L 47
5. TYPES ANA NALUTES ....eeeveeiieieeieet ettt te ettt et et et et eet e et es e eseeeseesseeaeeseeneessesseensesnaenseeseensesneensesns 48
LT R € {3 1< Y TSRS 48
5.2 SCALAT LYPES ..ttt ettt ettt be e e neen 49
5.3 COMPOSILE LYPES .euvenvirereteteteteiteiteit ettt st st sttt ettt euteue e st sb et ettt et e b et eseebeebeenesaeebesaesaennen 57
54 ACCESS LYPES cuveeutieitieiieiiieette sttt et e st e et e bt e et e et e sa bt et e sht e e bt e i bt e bt e et e enbeesabeeabeeeateenbeesaaeenbeente 67
TR T 2 T o USRS 69
5.6 PrOtECLEA tYPCS .oeeuieiiiiieieiteteettete ettt ettt ettt e e seesbeste e e s se et e eta e b e ett e b e ereenseeaeeaeereensenteas 72
5.7 StrING rEPIESENTATIONS......eervieeiereeeeriertesteetetestteseeseesesseessesseessesseessesseassesseessenseessesseessensesses 75
5.8 INALUIES ..ttt ettt ettt et e et bt et bt et s bt et e bt et sa et eb et sae e bt enn et es 76
6. DIECIATALIONS .....veieieitteteete ettt ettt ettt b bbbt s bt sb e b e bt et et es e e st sbe et e ebesaeneenenee 81
0.1 GENCTAL. ...ttt b bbbttt h bt bbbt neen 81
6.2 TYPE ACCIATALIONS ....veeviieieiieiieieceeie sttt ettt ettt et eae e e saeeaesbeesbesseessesseessenseesaesseessensensens 82
6.3 SUDLYPE AECIATALIONS ....c.veeviiiieiiecieeie ettt ettt ettt ettt se b e sbeesbesseessesreessenseeseeeseessessenseas 82
6.4 ODJECLS c.vieuiiiieieeiieiesieete st et et et et et e te et e ste et e eteesaesaeesbesheenbe st enbe et e esbeeteenteereenseeaeenaeeseensenteas 84
6.5  Interface deClarations ...........ceceviiirirtirieriee ettt st 95
6.6 AlIaS dECIATATIONS ...c..eiuiiiiiiieie ettt ettt ettt b bbbttt be e be e 113
6.7  AUIIDULE dECIArAtIONS ...c..eiuiiiiitiitiiteite sttt ettt bbbttt 116
6.8  Component AECIATAtIONS........c.covirieriieieriieierteetesteete e eeaessessessesssesseeseesseeseesseeseessesseesansnens 117
6.9  Group template deClarations ...........cceeeveeriierieeiiierie et esee st ereeebeesteesaeebeesereenseessaeeseeseens 117
6.10  Group dECIATAtIONS ......ecviiiieiritietietietiete et e ete et esteeetesteesaesbesssesseeseesseessesseessesssessesseessansenns 117

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



IEC 61691-6:2021 © IEC 2021
IEEE Std 1076.1™-2017

10

11.

ii
6.11 Nature and subnature deClarationS .............ooeevviiiiiiiiiiiee et eeeee e e e e saaeeeeesenaeeeeeens 118
6.12  PSL ClOCK AECIATAtIONS.........ccovvieeeeeeeeeeee ettt eete e e e e e e e e eeneeeeneeeenreeeenes 119
SPECITICALIONS ...ttt ettt et et et ebe st eae st e e s be et e enseeseensesseensesseensesseensessennsenseansensennes 120
8 T € [T 1 USROS 120
7.2 Aribute SPECIIICATION....uiietiiiieeieetie ettt ste ettt e e te et e seb e e teessaeebeessaeensaenseesssenssenn 120
7.3 Configuration SPECITICAION ........ceiuiriieieeiieieetieieete ettt se sttt et es e eeseeeeesneeneens 123
7.4  Disconnection SPECITICALION ........ecvervierieriieieetieieeteete et ete st esaesteeaesseesaesseessesseessessessnensensnens 129
7.5 Step limit SPECIFICAtION. ....cc.iiiieriieieciieieii ettt ettt ea e e eseesseeseeseesaessessnesessnens 131
INGBITIES .ottt e ettt eeee e e e et e e e e eeaaaeeeeeeeataeeeeeeestaeeeeseeaaaeeeesenaaaeeeeeeeaaeeaeeeeatteeeeeennraeaeas 134
3 B € 11T v: 1 SRR 134
8.2 SIMPIE NMAMIES ...ceeuiiiiiriiititetet ettt ettt ettt ettt st sb bttt bt e et eaesbenaens 135
8.3 SelECEA NMAIMES ...t e e et e eaae e eeaee e e eaeeeeaeeesneeeenreeeanns 136
8.4 INAEXEA NMAIMES.......oii ittt e et e et e et e e et e e eeaeeeeeaeeeeaeeesneesenreeeanes 138
8.5 SHICE NAIMIES ...eviiieiii ettt e et e et e et e e e eaaeeeeaaaesseaeeeenteeesennesesnseeseneeeesnes 139
I RN 15 9 1010 11 1 b1 o < J R 139
8.7  EXLEIMAL MAIMES ....eeeiiieeiieeeeeeeeee ettt e e e et e e e st ae et e s seeaaaeeeesesaaseeeeesnnnaeeesens 140
EXPIESSIONS ...ttt ettt ettt ettt ettt ettt ettt b et b e bbb bbbttt ebe et eae et be e e nen 144
9.1  General . 0 o ha G A A L L . L L e, 144
0.2 OPCTALOTS ..veeuveenteeeiieeieeeireeteesttessseesseeeseessaeasseessessseesesasseesseenssesnseesssessseesssesnseenseessesssesnsses 145
9.3 Operands .......ooooeeeee b R R R 0 G B e 158
0.4 StALIC CXPICSSIONS ..euvriuveeureteetieteestesteesteteeseaseestassesseessesstessesseensesseenseeseeseeseesesnsessesseensessenns 166
0.5 UNIVETSAL EXPIESSIONS ..cuveuviresiarintsmnesersaensesnsntastosessessensensensentestesessessessessessensensesseneeneesesessens 170
0.6 LINEAT FOITNIS ....eoovveeievieeectiieeeieseorereseeneseonenseeesar s mssssom s seaems poms o5 se o e s mg o apssessemnnsesnnessensesesnes 170
SeQUENTIAL STALEIMENLS........eeeitieriieiiesierteeeeettesteetteetesteesseeeseessseaseesseesseesseessseesseessseesseesssessseenes 173
J O R € 3 1T v | LTSRN 173
10.2 Wt STALEINENL. ......veieieieeeeieee et eee et e e et e et e e eenaeeeeaeeeeseeeenseeeeeneeeeenseeeeseeeenneeeeneeens 173
10.3  ASSEItiON StALEIMENT ........oiiiriieeieieeeeeeeeteeeeeeeeeetee e et e e e e e eeaeeeeeareeeenseeeeneeeeneeeennseseenneeennneean 175
10.4  REPOTE STALEIMENL .....vieniieeiiieiieie et ete ettt e st et eieesbeeteesateebeesttesnbeenseesaseenseenseesnseenseenseens 176
10.5 Signal assignment StAtEMENT ........c.cerueriererieriieierteeitent ettt ettt st s e e et saeeees 177
10.6  Variable assignment StAtCIMENL. ... ......cecveruerieriirtieieete ettt eee st ettt esee e e e e neeeeesaeeneas 188
10.7  Procedure Call StATEIMENT .......cc.uveeiiiiiiiiieiieeieeee ettt ettt e e e e e e etae e e e e e esaaaeeeeeesnaeeeeeens 192
ORI A3 7213 =) 1 SRR 192
LR O TR 711 10 1< o | SRR PRPRN 193
10.10 LOOP SEALEIMENL ... eeiuiieiieeeieeiieiieeteeieeetee et esteeete e teesaeesseessseeseesseessseesseessseensaesseessseenseessses 195
TO.TT NEXE STALEIMIENT.....eeiiiiiiiiiieiiie et ee e e e e e et e e e e e e e e e s e aeeeeeeeeeeeeeeeeeeeeesesesassssssrassennees 195
10,12 EXIt STATEIMIENT . .....vvviiiiieiieeieeeeceeeeeeeeete e e ee ettt e e e e eatae et e s eesaeeeessesasaeessssnnseeesessnaseeessnnneeeeeenns 196
10.13 RetUIn StAtEIMEIE ....eeeiiiiiiiiei ettt e eete e e eeetaa e e e eeerreeeeeearreeeeeeetreeeeseeareeeeens 196
10,14 NUIL STALEIMENT ...ttt ettt e e et e e e enae e e enaeesenteeeenaeeesnaeesenseesenneeesseeesneeaas 197
10.15 Break StATEIMENT .. ....ociiiieieiiiiieiiieeee ettt e e et e e e e et e e s eeaaeeeeeeeaaeeeeesssnaeeeesssnaeeeeesans 197
ATCRITECTUIE SEATEIMIEIITS. . ..vvviiiieiieiei ettt e ettt e e e e et e eeeeesaaeeeesessntaeeeessantaseesssssssesessnseeeesans 198
) R € =3 1T | PR PPN 198
11.2 BIOCK STATEIMENT ... ...eiieiiiieiiieceee ettt eeaae e e e e e et e e eeaaeeeaaeeeenseeeenaeeeennneeeneeans 199
11.3  ProCeSs STALEIMENT .....cccuvvveiieiieiireeeeeeitteeeeeeette et e e eeateeeeeeeeieeeeeeeeaaseeeeeensareeeeeesnataeesesenseeeeeeans 200
11.4  Concurrent procedure call StatEMENTS .......c..eeieitieiieriieiirieie et 202

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



IEC 61691-6:2021 © IEC 2021

m IEEE Std 1076.1™-2017
11.5 Concurrent assertion StAtCIMENTS. .......ceecueievrerierieeteeseesteesreeseeereesseessreeseesssesseesseesssesssees 203
11.6 Concurrent signal assignment StACMENES ..........c.ecveeeerreeierreeeeriertesreeeeeseeeesseeeesseeseessesses 204
11.7 Component instantiation StALEMENLS ..........ccerueerueruieiiiniieieeeeieeeeste e etesreee e eeesseeeesneenees 206
11.8  GENETate STALCINENLS .....eeeuvieiieriieeiieriieeteeteesite et e tteebeeteesteeseessbeenbeesseesaseenseenseesnseenseenssenn 212
11.9  Concurrent break StateIMENt .........c..eccveeriieiireiiesie it esteesieesreeseeereeseeestaeesseessaeesseesssessseesees 214
11.10 Simple Simultaneous STALEMENL ...........ccvireeriiiieieriieieeieteeeeteeeesaeeeesessae e ssaesseesaesesseensas 215
11.11 Simultaneous if StACMENT .......cceeiiieiieeieeieecie ettt e ere et e e e ebeeseaeebeesteeesseebeessseesseenses 216
11.12 SIimultaneous Case StALEIMENL.........c.eccuervieierriiierieeieeteeetesteeeeseeaesseeeessessaesseessesseesseseeseenses 216
11.13 Simultaneous procedural StAtEMENL .........c.ccververierieriieieie et eeerte st see e seeeneas 217
11.14 Simultaneous NUIL StAtEMENT ..........ieruierieiiieiieeie ettt et e et estaeebeebeessaeenseenenes 220
SCOPE ANA VISIDIIILY ...cuveeieiieiieiesie ettt ettt e st eae s st ensesseensesseensenseeneenseenes 221
12.1  DeClaratiVe TEEIOM ....eeveeeuiieiierieetieeiteete et e ereete e teeeaeeteessseeseessseesseenseesnseenseesssesnseesseensses 221
12,2 ScOPEe Of AECIATAtIONS .....c.veueieiieiieiiiiieie ettt et ae e e seensesseensenseensesaeenean 221
123 VISTDIIIEY .ottt sttt e b ekt be bt et et et ettt ebeeaeeaenan 223
12,4 USE ClAUSES ..c.veeuveeiieieeiieie ettt ete sttt et eete st e et et e e st e et e esseeseensesseensesssenseesaensenssenseansensesneensesnean 227
12.5 The context of overload reSOIULION ........c.cecvverieeiiierieeie ettt 228
Design units and their analySis .........ccooieeieririieririeieiere ettt enae e eneeseeneensesnees 230
131 DIESIZI UNIES.c.urieuiieiieeieeitiesieeteesteeteesteesteestaeesaeeeteesseesaseessseasseeseesssaenseessseenseenseesnseenseenssens 230
13.2  Design libraries ., .. £ 00 e B L A R T B T L T e 230
13.3  ConteXt eCIaratIONS ... .. i e eee et eeeetieseeeteesteeseveesseessseessaeaseessseesssassseeseasssasnseesseesssenssens 232
13.4  Context clauses ....... £ e fam B ah B m e e 85 B 232
13.5  Order Of @NAlYSIS ....cc.ieriiieieiieiiee ettt e et ettt ettt ettt et a e naeenean 233
E1aboration and ©XECULION ... .ccvueeveirieersseesrsereereoreessersessosansesssssmpasossssserasersagsmopsessesssessesssessessessses 234
TA.T  GONETAL...c.uiiiiieeiiieiee ettt et et e et e e te e tbeebeeesbeesteessbesaseesssaasseeseessseanseessseensaessessseenseenssens 234
14.2 Elaboration of @ design hierarchy ...........cccooivieriiiieniinieiieeeeeeie e 234
14.3 Elaboration of a block, package, or subprogram header............ccoocveveninieiinienineeeenee, 238
14.4 Elaboration of @ decClarative Part .........cccoecvevuiiierieiieiieieieeeeieete et re e s esaesseeseenns 241
14.5 Elaboration of @ StatemeNnt PAI ........ccceeuieieririerieeeieieeiie it ecee e see e eeeeee e neeseeeneeeas 246
14.6  Dynamic €labOration ..........c.ecvervieieriieienieiiesieeiesieeeeesteesesseeseesseeaesseessessaessesseensesseessessesses 250
14.7 ExXecution 0f @ MOAE] ........cociiiiiiiiieiieeiieie ettt sttt te et b e et e seaeenbeessaeeane s 251
14.8 Time and the analog SOIVET ...........cceviiieriieieieeieieee ettt sre s sseessesseenaas 266
14.9 Frequency and noise CalCUlation ........cc.coueieuiriririinienienienieieteeeeeie ettt 267
LeXiCal @IEMENLS ....eecuiieiieiie ittt ettt ettt et e e eebeestaeesaeesbee s beebeeasaeenbaenaeeesbeensaennaeenss 269
LT B € 13 TS ) TP 269
15.2  CRATACTET SEL....ieuieiuiieiieeieeieeriee et ette et e et estteebe e taeesaeeaseesnseesseensseensaenseessseenseenseesnseesaenseens 269
15.3 Lexical elements, separators, and delimiters .............ccecereeeieriecieneerieneeiee e 271
L U 155 114 ¥ i () ¢TSRS PTUURRUSP 273
15.5  ADSLraCt IEETALS ...cuveiieieeiieiieiee ettt et sttt et neeneeneenean 274
15.6  CRAracter IEETALS ......eeeuveeiieiiieeieeieecteetee st ettt e s te et e st e s beesteesebeesseensseenseesssesnsaesseanseenssens 275
15.7 SN HEETAIS ....eouiiiiiiieiiiterec et sttt ettt s s 275
15.8 Bt SrNG HEEIAlS...ccuuieiiieeiieiieie ettt ettt eeste e st e e beeteeseteeseesnneenbeenseensne s 276
15,9 COMIMENLS ..eovtiiiiiiiieiie ettt ettt sttt ettt e b ettt et e st e sabeesbeesabe e bt e sabeeabeesateenbeenaeesabeenseenaeens 278
15.10 RESEIVEA WOTIAS ...eeviiiiiieiiiiiieiieeiie et et ettt e e te e teeseeeabeeseaeesbeesseessseesseessseenseesseessseenseenssens 279
I5.11 TOOL ITECHIVES. . ueeuveiieieeiieeiietieteeteete st etesteesteestesseeseesseessesseessesesssessasssensanssenseensesesssensesseas 281

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



IEC 61691-6:2021 © IEC 2021

IEEE Std 1076.1™-2017

16.

17.

18.

19.

20.

v
Predefined [anguage eNVIIONMENL ..........ccieiiiieieriieieite ettt ettt st et neeseeeneeneas 282
L60.1 GENETAL.....eoiiiiiiiiite ettt st sttt et et b et 282
16.2  Predefined attribDULES ........coceeueriiriiriiieieieiete ettt s st sae s 282
16.3  Package STANDARD.......cooiiieiit ettt ettt ettt et e st e e e naeesabeessaesnsen 304
16.4  Package TEXTIO .. ...ooiiiiiiie ettt sttt ettt e e et naeeaean 319
16.5 Standard environment PACKAZE ..........coovirieriiiieieriieieet ettt 325
16.6 Standard mathematical PACKAZES ........ccveveruieiiiriieiee et 326
16.7 Standard multivalue 10ZiC PACKAZE ......c.eeveiiriieieeiieieeeee et 327
16.8 Standard Synthesis PACKAZES ........ccvevvieiirieeieiieeieieet ettt ettt st esbe e s reesseeseenes 327
16.9 Standard synthesis context declarations...........cccuereeieriieienieieneeee e 333
16.10 FiXed-pOint PACKAZE ......eeuvetieiieiieieeiiee ettt ettt ettt e s e tesse et e st eneesneenean 334
16.11 Floating-point PACKAZE . ........ceruiruieiieiieie ettt ettt sttt e e e e eneeeneenean 334
16.12 Standard packages for multiple energy domain SUPPOLt.........ceevevverreecvenieecienieeieneeeeeneeennes 335
VHDL Procedural INterface OVEIVIEW ......c..cevuiriiiiriiiiiiiieiiitenieeteseetesteee e e 336
L7.1 GONETAL ...ttt ettt a et bt et e bt e e bt en e b et ene e et saeeteeaean 336
17.2  Organization of the INterfaCe..........eooiiuiiiiiiiiieie e 336
17.3  CapabIlity SELS ...coveetertirtititeteteiteteetc ettt ettt ettt bbb sttt ettt et be e e nes 337
17.4 HANAIES..c..etiiieiiiiee ettt bbbttt ettt b e b e e nen 339
VHPI 2CCESS fUNCLIONS ...ttt sttt ettt sb et bt e et st e e e 341
I8.1  GONETAL ...ttt ettt ettt bbbt e e bt ea ettt eae et be b sbeas 341
18.2 Information access fUNCHONSIR.£r £0 B B R e 341
18.3  Property access fUNCHIONS . .....c.eivirieriieietieieeiet et eteeees e see e eaestees e seenseseeneesneeneesseensesneas 343
18.4  AccesS bY NAME TUNCHION ....viitieriseseiesirsteneeaerieieeteeteeetessesseessesssessesssessesssenseeseesesssessesnees 344
VHPI information Model ... ... e ettt ea et aes 345
LO.1 GONETAL ...ttt ettt bttt ea ettt sae e be et b 345
19.2 FOIrmal NOTATION .....eeuiieeieiieeieie ettt ettt ettt et st e et e bt en et e ent e s eneeeneeneesneensesneas 345
19.3  Class inheritance hierarchy ...........ccociveieriirieriieieie ettt sse e 346
19.4  NAME PIOPCITICS ...vveuvieeeeiierieteeterteetesteetesteetesseessesseessesseessesseessesssessesssessesssessesssessesssensesses 347
19.5 The stdUninstantiated PACKAZE ........cveverveeieriieieriieieieete ettt sre e sreessesaeeneas 360
19.6 The stdHierarchy package........cccooeeririiriiiiiieieieeeee e 363
19.7 The StdTYPES PACKAZE ...c..eeeieiieiieiieie ettt ettt et e e e e eesaeeneas 370
19.8  The StAEXPE PACKAZE .....ecvieeieiieieeiieie ettt ettt st e e et esaete e e eseeneensesneas 372
19.9  The StdSPEC PACKAZE .....ccveeeiiiieieeiieie ettt ettt sttt sa et ssaese e e eseeneensesneas 375
19.10 The stdSubprograms PACKAZE .........cceecvirrierieriieiieieie ettt ste e saeeaeseeessesreas 377
19.11 The StdStMLS PACKAZE......ecvievieiieiieiicteie ettt ettt ettt es e beessesseessesseessesaeeneas 379
19.12 The stdConnectivity PACKAZE ......eevirtieiiitieieiitete ettt sttt ees 385
19.13 The stdCallbacks PACKAZE ........coueeuiiriiiiiiieeieiete ettt 390
19.14 The StAENGINE PACKAZE .....eviemeeeieieiiieie ettt ettt st ee e enean 391
19.15 The StAFOreign PACKAZE .......eecvervieiiriieierieeeecieee ettt ettt st entesre e s e sseensesneenean 391
19.16 The StAMEta PACKAZE ....ecvvevierieiieeieieeeeete ettt ettt ettt ereestesaesbeessesbasssesseeseesseessesseaneas 391
19.17 The StATOO0] PACKAZE .....eveeuiiiieieeieee ettt ettt sae e 393
19.18 APPIICALION CONLEXES ..vvirrierireeieesiieeiieeiteesreesteesseesteesseessseesseesseessseesseenssessseesssessseessessssessses 394
VHPI t00] ©XECULION ..ottt ettt ettt ettt e ettt e te e st eseeseenseeseenseeneenseeneensesneesesnean 395
20,1 GENETAL ...ttt b bbbttt et b e bt e sae s 395
20.2  ReEISTAtiON PRASE ....eeitieriieeiieitieeieeee ettt ettt e st e eteesbeebeesteesnbeesaeesnseensaesnneenseesssesnsesnses 395

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



IEC 61691-6:2021 © IEC 2021

v IEEE Std 1076.1™-2017
20.3  ANALYSIS PRASE....eeiiiieieetieiete ettt ettt ettt et et e e e enean 401
20.4  Elaboration PRASE.........ceecueriieiieriieierieie st ete st ie st eet et ae st e e e st eae st esaenseensesseenseseensenseenean 401
20.5  InitialiZation PRASE .....cc.eecviriieieeiieieetete sttt ettt et e se et e eseentenneenean 403
20.6  SIMUIATION PRASE ....ecvieiieiieiieieit ettt te et e beesaesaeessesaesbesseessenseensesesneas 403
20.7  SAVE PRASE...cuvieiieeiiieiieiieeit et et estte st e steebe e st e ebeestee e beesaaeerae e taeabeetaesrbaebaeesbeeraennaeenres 403
B (R T 73y A o) 2 R TSRRR 404
20.9  RESEE PHASE.....eeiteeiieiieie ettt ettt ettt ettt n et n e bt et eteeneenneenean 404
20.10 Termination PRASE.........cccveriierieriieiertiete e eteseete et e et etesseestessessaesseesaesseessenseessanseensensesnean 405
VHPT CAIIDACKS ...ttt ettt b ettt b e st s e et e et ebeebesbeseennan 406
211 GONETAL ...t et et ettt en 406
21.2  Callback fUNCHONS. .. .eetiiiieiieiiete ettt ettt ettt st ettt e e e eneenaeenean 406
21.3  CallDACK TEASOMS ...eueeuiieiieiieiieit et ee sttt ettt et et et este et esseenaesseenseseenseseeneeseensensesnean 408
VHPI value access and UPAAte.........ocvieieriirienieiieieeieie sttt se et eae e eeae e essesseesseseessensesnnes 420
22,1 GENETAL ...ttt b b bbb ettt b e bt b e enen 420
22.2  Value Structures and LYPES .....eeeveerreeeieeriieeiteeteesiteeteesteesteessresseeesressesnseessseessessssessseesssesses 420
22.3  Reading ObJECt VAIUES .......oouieiiiiieiiieeie ettt ettt ettt et sae s 423
224 FOrmatting VAUES . .....cccueeuieiietieie ettt ettt ettt et ese et e en e beemeeeseeneeneeenean 424
22.5 Updating 0bJECt VALUES.....co.eoviteiiiiieiieiieiceieet sttt et eveeneenen 426
22.6  Scheduling transactions 0N AIIVELS ..........ccecirieriirieniieieieeeesteeeesaeseebesaese e essesseenseseeeneas 430
VHPI fUNCHON TEIBTEICE ... .ottt ettt ettt sttt s b ettt eae et bt eaesaeas 433
2301 GONETAL ... e bttt b et h e sae ettt aesaeas 433
R 411 o) Q111 o A TP STRRTR 433
23.3  VHPL CRECK, @ITOT ..o iieieeieieree s rasesoseseenaenongee s et ens pasis e ss s g 2g g e essensseneansesnsensesnnen 434
23.4  vhpi comMPare NANAICS........ .o ieriiereeertrersrsietsensrcnsseessesseesessesnsessesnsenseensesseensensesnsesseenees 436
23.5  VIPL COMIIOL...iiiiiiiiiieiiciiciee ettt se et e e te et taesaeeteenseeseessesseessessaeseessensanssesseassensesssensesseas 437
B I I V411 o) B (< 1 USRS 439
23.7  VHPL diSADIE CD .eeeiiieiiiiiee e 441
23.8  VHPL NADIE €D ..ooiiiiieiiiiee ettt 441
23.9  VhPI _fOrMAt VAIUC .....ccviieieiieieit ettt ettt sttt e st ene e st ensesneenean 442
23,10 VIPI GOl uiiiiiiiiiiieieie ettt ettt ettt et e et et e e st et e e st e s e e st e seesbesheesbeabaerse s e esbeeseenbeereenseeraeaeeneas 444
23,11 VHPL gt CD INTO tviiiiiiiciiciicieic ettt ettt ere e raeaeenaan 444
23,12 VAPL GO dATA ..ottt ettt et ebe e 445
23.13 vhpi_get forei@nf N0 ......ccoooiiiiiiie e 447
23.14 VHPI gt NEXE TIMMIC...eeivieiiiriieieetieieetietesteeteseteeeseeeetesteessesseensesseensesseensessaensesseensenseensesseenses 448
23,15 VHPL ZEE PRYS 1ottt ettt sttt s e teeneennesntenneenean 449
23.16 VIPI GO TCAL..ccuiiiiiiieiiciieiieeete ettt ettt be et be b e beesb et e esb e beeneebeereenaeeneas 450
B B W o1 o) W ] OO O SRRSO 451
23,18 VHPT GO IITIC..cuiiuiiiiieiietietie ettt ettt ettt ettt a e bttt eb et s et eae et eae e e eaean 451
23.19 VHPL GO VAIUC ...eoiiiiieiieieee ettt sttt ettt ettt neenean 452
23.20 VHPL RANAIC .....oiuiiiiiieiiceeeee e ettt ne et eneenean 453
23.21 vhpi_handle DY INAEX ...cc.icieriieieiiiieii ettt e b e ta b et e b e seesbesseeneas 454
23.22 vhpi_handle DY NAME .......ccccvieiieiiiiieie ittt s te b e se s e sseessesaeeneas 457
23.23 VhPIL 1S PIINEADIC....cuieiiitieiieiee et et 459
4 1 o) L) X () TR 459
B 2 T4 1 o) 0 U115 TP 460
23.26 VhPi_Protected Call........cciiieiiieiieiieieie ettt ettt ettt b e ta et eneeneas 461
23.27 VHPL PUL AALA..ccueiiiiiieiiciiciieeeee ettt ettt ettt ere b et e teenbeeraesbeereesbeeraenaeeaeas 463
23.28 VHPL PUL VALTC ..ottt ettt ettt e e et s ettt ettt e e eaean 465

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



IEC 61691-6:2021 © IEC 2021

IEEE Std 1076.1™-2017 vi
23.29 VHPL TEEISTET CD.eiuiiiiiiieeieiieieeee ettt ettt st et e e be et e ae e e e naeenean 466
23.30 vhpi_re@ister fOreignt..........cccieiiiiiieii e 468
23.31 vhpi_release handle..........ocoooiiieiiiieie et 470
23.32 VAPL TEMOVE CD ittt ettt ettt ae st et e bt e e e st e e e eseeneenaeenean 470
B T4 1 o) T NSRS 471
23.34 vhpi_schedule tranSaction ............ccoceiieieiiiieieeieieeee ettt 472
23.35 VAPL VPIINEE ..ot ee e eteetee et e e esaeeaesre et e st e e r e et et eneenaeenean 475
24, Standard t00] AITECLIVES .......eoueruerieieieieieire sttt ettt ettt sttt ebe sttt b e ee 476
24.1  Protect t0O] dITECIVES. ...coververeeuteireiteiieiiriericrteet ettt ettt ettt sae e a et et se b bt saeenen 476
Annex A (informative) Description of accompanying files ...........cceccevieririeiinierieiee e 493
Annex B (informative) VHPI header file .........ccoiiiiiiiiiiiiiiieceeeeee ettt 497
Annex C (informative) SYNtax SUIMIMATY .........cccceerirrerierieteietrteieee e stesresseseeeesteseere st sreseesaesaensenesseseennen 523
Annex D (informative) Potentially nonportable CONSIIUCES ..........ccveeeriieierieierieieeeeee et 551
Annex E (informative) Changes from IEEE Std 1076.1-2007 .....c..ccecuriiririnenenineninieeereeeeeesese e 552
Annex F (informative) Features under consideration for removal ...........c.ccccecrininieninincncnenencnceenen 555
Annex G (informative) Guide to use of standard packages..........coccoee i 556
Annex H (informative) Guide to use of protect dir€CtiVES ........ccevuerueceebeeriineneniineneneeeeeeeeeercee e 594
ANNEX [ (INfOrMAtIVE) GLOSSATY .......eveiuieiesiseerseaiasneeisaesaseessesenessseseesssessrassessssssnsssssssnssseessessesnsessenssensenns 600
Annex J (informative) Bibliography.... . ... e L ettt 629
Annex K (informative) TEEE List Of partiCIPants ........ccceevcveeriierieenieenieenieesieeneeesreesereesveessneeseveesenees 631
IIAEX ettt sttt b e st h ettt a bt et h ettt ebenaen 632

Published by IEC under licence from IEEE. © 2018 IEEE. All rights reserved.



1)

2)

3)

4)

5)

6)
7)

.. IEC 61691-6:2021 © IEC 2021
Vi IEEE Std 1076.1™-2017

BEHAVIOURAL LANGUAGES -

Part 6: VHDL Analog and Mixed-Signal Extensions

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC document(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members
of IEEE and serve without compensation. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, |[EEE does not independently evaluate, test, or verify the
accuracy of any of the information contained in its standards. Use of IEEE Standards documents is wholly
voluntary. IEEE documents are made available for use subject to important notices and legal disclaimers (see
http://standards.ieee.org/ipr/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual kogo International Standard was jointly-developed,by,the |[EC and IEEE under the terms
of that agreement.

The formal decisions of IEC on technical matters express,<as nearly as\possible, an international consensus of
opinion on the relevant subjects since ®ach'technical ’committee. has representation from all interested IEC
National Committees. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing'the!proposed standard. Final approval of the IEEE standards
document is given byithe [EEE:Standards-Association (IEEE:SA) Standards:Board.

IEC/IEEE Publications have the form of(recommendations for international use and are accepted by IEC National
Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the technical
content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the way in which they
are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional
publication shall be clearly indicated in the latter.

IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and
the Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standards Board, for any
personal injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for
costs (including legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.

IEC 61691-6/IEEE Std 1076.1 was processed through IEC technical committee 91: Electronics
assembly technology, under the IEC/IEEE Dual Logo Agreement. It is an International Standard.
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The text of this International Standard is based on the following documents:

IEEE Std FDIS Report on voting
1076.1 (2017) 91/1715/FDIS 91/1727/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this document will remain unchanged until the stability date indicated on the IEC website
under webstore.iec.ch in the data related to the specific document. At this date, the document
will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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Copyrights and Permissions

The editing and technical work done on the 2008 revision of IEEE Std 1076™, which forms the
basis for this standard, was done in collaboration between the Accellera VHDL Technical
Subcommittee and the IEEE VHDL Analysis and Screening Committee (VASG). Accellera has
donated all of its work and copyrights back to the IEEE.

Material in 24.1 titled “Protect Tool Directives” is derived from the document titled “A Mechanism
for VHDL Source Protection” © 2003, Cadence Design Systems Inc. Used, modified, and reprinted
by permission of Cadence Design Systems Inc.

The packages FIXED_GENERIC PKG, FIXED_PKG, FLOAT_GENERIC_PKG, FLOAT_PKG, and
FIXED_FLOAT_TYPES were modified and used with permission from Eastman Kodak Company
© 2006. Material in Annex G titled “Using the fixed-point package” (G.4) and “Using the
floating-point package” (G.5) is derived from the documents titled “Fixed Point Package User's
Guide” and “Floating Point Package User's Guide” by Eastman Kodak Company © 2006. Used,
modified, and reprinted by permission of Eastman Kodak Company.

Abstract: The IEEE 1076.1 language, a hardware description language for the description and the
simulation of analog, digitalj-and mixedssignal systems, isdefined intthisistandard. The language,
also informally known as VHDL-AMS, is built'on IEEE Std 1076-2008 (VHDL) and extends it with
additions and changes to provide:capabilitiesyof| writing~and-simulating analog and mixed-signal
models.

Keywords: analog design, computer, computer languages, hardware design, IEEE 1076™,
IEEE 1076.1™  mixed-signal design, VHDL
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE
Standards are documents developed through scientific, academic, and industry-based technical working
groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate
without compensation from IEEE. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the
accuracy of any of the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are resporisiblé” for, “determining /and |complying <with'/all | apprepriate safety, security,
environmental, health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express,-implied and,-statutory) not included in this or any other
document relating to the standard, including; but not limited to,.the jwarranties;of:ymerchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of
material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given IEEE
standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON
ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concernedyinterests, it,is important that any responses to| comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees @re;not able) to proyide @an instant/response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who, would, like to participate in revisions to an IEEE
standard is welcome, to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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